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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non
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ISO

governmental, n_fialson with 150, also [@ake part i the WOrk. IS0 colfaborates close
‘national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft nternationa
bted by the technical committees are circulated to the member bodies for Woting. Publicd
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

17458-2 was prepared by Technical Committee ISO/TC22, Road vehicles, Subcomm
trical and electronic equipment.

Part 1: General information and use case defifiition
Part 2: Data link layer specification

Part 3: Data link layer conformance test specification
Part 4: Electrical physical layer specification

Part 5: Electrical physicaHayer conformance test specification

y with the

'national Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

ation as an

ct of patent

ittee SC 3,

17458 consists of the following parts, under the gengral title Road vehicles — FlexRay communications
system:
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Introduction

The FlexRay communications system is an automotive focused high speed network and was developed with
several main objectives which were defined beyond the capabilities of established standardized bus systems
like CAN and some other proprietary bus systems. Some of the basic characteristics of the FlexRay protocol
are synchronous and asynchronous frame transfer, guaranteed frame latency and jitter during synchronous

transfer, pr
time synchr

The FlexR4
communical

A mesj
Synchr
Start-u
Error nj
Wakeu

Since start
FlexRay co

The ISO 17
an in-vehicl

This part ¢
communical

To achieve
ISO/IEC 74
mapped on
Diagno

Presen

Sessio

oritization of frames during asynchronous transier, singie or muii-master clock synchronisa
pnisation across multiple networks, error detection and signalling, and scalable fault tolerance.

fion infrastructure for future generation high-speed control applications in vehicles by-pfoviding
age exchange service that provides deterministic cycle based message transport;

pnisation service that provides a common time base to all nodes;

h service that provides an autonomous start-up procedure;

anagement service that provides error handling and error signalling;

p service that addresses the power management needs;

pf development the automotive industry world widé.supported the specification development.
mmunications system has been successfully implemented in production vehicles today.

158 series specifies the use cases, the communication protocol and physical layer requiremen
e communication network called "FlexRay*€¢ommunications system"”.

f ISO 17458 has been establishied 'in order to define the protocol requirements for vel
fion systems implemented on a FlexRay data link.

this, it is based on the Open’ Systems Interconnection (OSI) Basic Reference Model specifie
D8-1 and ISO/IEC 10731/which structures communication systems into seven layers. W

Stic services (layer-7), specified in 1ISO 14229-1 [7], ISO 14229-4 [9];
tation layer (layer 6), vehicle manufacturer specific;

N layerservices (layer 5), specified in 1SO°14229-2 [8];

this model, the protocel.and physical layer requirements specified by 1ISO 17458 are broken into:

on,

y communications system is defined for advanced automotive control applications. [t 'sefves as a

The

s of

icle

d in
hen

Trans

Networ

in accordan

Vi

lovar-car i aflaviar 4\ cnoaopifiad
TTIAyCT SCTVICCS(IAyCT ), SPTTIctT

k layer services (layer 3), specified in ISO 10681-2 [5];

Data link layer (layer 2), specified in ISO 17458-2, ISO 17458-3;

Physical layer (layer 1), specified in ISO 17458-4, ISO 17458-5;

ce with Table 1.
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Table 1 — FlexRay communications system specifications applicable to the OSl layers

Applicability OSl 7 layers FlexRay communications system Vehicle manufacturer
enhanced diagnostics
Application (layer 7) vehicle manufacturer specific ISO 14229-1, 1ISO 14229-4
Presentation (layer 6) vehicle manufacturer specific vehicle manufacturer specific
Seven layer
according to Session (layer 5) vehicle manufacturer specific ISO 14229-2
ISO 742198'1 Transport (layer 4) vehicle manufacturer specific
an ISO 10681-2
ISO/IEC Network (layer 3) vehicle manufacturer specific
10731

Data link (layer 2)

ISO 17458-2, 1ISO 17458-3

Physical (layer 1)

ISO 17458-4, ISO 17458-5

Tabje 1 shows ISO 17458 Parts 2 — 5 being the common standards for the OSI layers 1 and 2 for {he FlexRay

communications system and the vehicle manufacturer enhanced diagnostics.

Thel FlexRay communications system column shows vehicle manufacturer specific definitions forl OSI layers

3-V.

The| vehicle manufacturer enhanced diagnostics column shows) application layer services tovered by
ISO|14229-4 which have been defined in compliance with diagnestic services established in 1ISO 14229-1, but
are not limited to use only with them. ISO 14229-4 is also compatible with most diagnostic servicefs defined in
natipnal standards or vehicle manufacturer's specifications. The presentation layer is defined vehicle
manufacturer specific. The session layer services are.govered by ISO 14229-2. The transport grotocol and
network layer services are specified in ISO 10681.

© I1SO 2013 - All rights reserved
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INTERNATIONAL STANDARD ISO 17458-2:2013(E)

Road vehicles — FlexRay communications system — Part 2:
Data link layer specification

1 |Scope

Thig part of ISO 17458 specifies the FlexRay communication protocol which is specified,'for a gependable
autgmotive network. Some of the basic characteristics of the FlexRay protocolnar€ synchfonous and
asynchronous frame transfer, guaranteed frame latency and jitter during synchronaus-fransfer, prigritization of
franjes during asynchronous transfer, single or multi-master clock synchronisdtionl) time syng¢hronisation
acrqss multiple networks, error detection and signalling, and scalable fault tolerarice?).

2 |Normative references

Thel| following referenced documents are indispensable for the“application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO|17458-1, Road vehicles — FlexRay communications system — Part 1: General information and use case
defipition

3 |Terms, definitions, symbols and abbreviated terms

3.1[Terms and definitions
For fthe purposes of this document, the terms and definitions given in ISO 17458-1 and the following apply.

3.1.1
application data
datg produced and /~0t.used by application tasks

NOTE In thé automotive context the term 'signal’ is often used for application data exchanged among tagks.

3.1.p
bus
conjmanication system topology in which nodes are directly connected to a single, common conmpmunication
media (as opposed to connection through stars, gateways, etc.)

NOTE The term bus is also used to refer to the media itself.

1) Multi-master clock synchronisation refers to a synchronisation that is based on the clocks of several (three or more)
synchronisation masters or sync nodes.

2) Scalable fault tolerance refers to the ability of the FlexRay protocol to operate in configurations that provide various
degrees of fault tolerance (i.e., single or dual channel clusters, clusters with many or few sync nodes, etc.).

© 1SO 2013 — All rights reserved 1
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3.1.3

channel idle

condition on the physical transmission medium when no node is transmitting, as perceived by each individual
node in the network

NOTE The detection of channel idle occurs some time after all nodes have actually stopped transmitting (due to idle

detection times, channel effects, ringing, etc.).

3.1.4
clique

set of communication controllers having the same view of certain systems properties

EXAMPLE

3.15
cluster
communical
topology), b
NOTE (
3.1.6

coldstart n
node capab

NOTE )
nodes. By dg

3.1.7

communic
interval of t
the transmi

NOTE A
3.1.8
cycle-dep¢
method of §
cycle count
numbers) ta

3.1.9

cycle-independent slot‘@ssignment

method of §
node (i.e.,
communical

The global time value or the activity state of communication controllers.

tion system of multiple nodes connected via at least one communication channel directly
y active stars (star topology) or by a combination of bus and star connections/(hybrid topologie

Clusters can be coupled by gateways.

pde
le of initiating the communication startup procedure on the cluster by sending startup frames

T-D coldstart nodes, TT-L coldstart nodes, and TT-E coldstart*nodes are all considered to be cold
finition, all coldstart nodes are also sync nodes.

htion slot
me during which access to a communication\channel is granted exclusively to a specific nodg
Esion of a frame with a frame ID corresponding to the slot

lexRay distinguishes between static comimunication slots and dynamic communication slots.

ndent slot assignment

1Sssigning, for a given channel, an individual slot (identified by a specific slot number and a spe

br number) or a set of slots (identified by a specific slot number and a set of communication ¢
a node

ssigning,AQr a given channel, the set of all communication slots having a specific slot number
on the_given channel, slots with the specific slot number are assigned to the node i
lion cyeles)

bus

5)

Start

» for

cific
ycle

to a
all

3.1.10

cycle number
positive integer used to identify a communication cycle

NOTE

The cycle number of each communication cycle is one greater than the cycle number of the previous cycle,

except in cases where the previous cycle had the maximum cycle number value, in which case the cycle number has the

value of zero

3.1.11
cycle time

. The cycle number of the first cycle is, by definition, zero.

time within the current communication cycle, expressed in units of macroticks

NOTE

Cycle time is reset to zero at the beginning of each communication cycle.

© I1SO 2013 - All rights reserved
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3.1.12
dynamic segment
portion of the communication cycle where the media access is controlled via a mini-slotting scheme

NOTE 1  During this segment access to the media is dynamically granted on a priority basis to nodes with data to
transmit.

NOTE 2  Also known as Flexible Time Division Multiple Access (FTDMA).

3.1.13
dynamic slot / dynamic communication slot
intefvarof ime Withiir the dynarn BgMent O re minislots

during which access to a communication channel is granted exclusively to a specific node for)transmission of

NOTE In contrast to a static communication slot, the duration of a dynamic communication slot may vafy depending
on the length of the frame. If no frame is sent, the duration of a dynamic communication slot equals that of on¢ minislot.

NOTE A frame consists of a header segment, a payload segment and a-trailer segment. The payloaf segment is

global time
combination of cycle counter and cycle time

3.1.17
Hamming distance
min|mum distance (i.e., the number of bits which differ) between any two valid code words in a bingry code

3.1.118

impllementation dependent
behpviour that, subject to restrictions in the specification, may be chosen by an implementation designer.
Implementation dependent behaviour shall be described in detail in the documentation of an implementation

3.1.19
key|slot

stat|c,slot that is used by a node to transmit sync and startup frames or the slot that is used to transmit when
the hode.is nr\nrnting in I(Q\JI slot nnly mode

3.1.20
macrotick
interval of time derived from the cluster-wide clock synchronisation algorithm

NOTE A macrotick consists of an integral number of microticks. The actual number of microticks in a given macrotick
is adjusted by the clock synchronisation algorithm. The macrotick represents the smallest granularity unit of the global
time.

3.1.21

microtick
interval of time derived directly from the CC's oscillator (possibly through the use of a prescaler)

© I1SO 2013 - All rights reserved 3


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

NOTE

Different nodes can have microticks of different duration.

3.1.22
minislot

The microtick is not affected by the clock synchronisation mechanisms, and is thus a node-local concept.

interval of time within the dynamic segment of the communication cycle that is of constant duration (in terms of
macroticks) and that is used by the synchronized FTDMA media access scheme to manage media arbitration

3.1.23

non-coldstart node
node that is not capable of initiating the communication startup procedure (i.e., does not transmit startup

frames)

3.1.24
non-sync 1
node that is

3.1.25

non-synch
operation 0
identifier, sl

3.1.26
network
combinatior

3.1.27
node
logical entit

3.1.28
null frame
frame that g

NOTE
zero.

/

3.1.29
physical c¢
inter-node d

NOTE
they are not
network or 3

/

ode
not configured to transmit sync frames.

fonized operation
f a node when the node does not have a notion of FlexRay time, i.e,. has no knowledge of
bt boundaries, cycle counter, or segment boundaries

of the communication channels that connect the nodes of.a€luster

connected to the network that is capable of sending and / or receiving frames

ontains no usable data in the payload segment

null frame is indicated by a bit in the*header segment, and all data bytes in the payload segment are §

mmunication link
onnection through which signals are conveyed for the purpose of communication

Il nodes connected to a given physical communication link share the same electrical or optical signals
connected through repeaters, stars, gateways, etc.). Examples of a physical communication link include 4
point-to-point connection between a node and a star. A communication channel may be constructe

combining onpe or mare.physical communication links together using stars.

3.1.30

slot

et to

(i.e.,
bus
0 by

precision

worst-case deviation between the corresponding macroticks of any two synchronized nodes in the cluster

3.1.31
slot

see communication slot

3.1.32
slot ID (ide

ntifier)

see slot number

© I1SO 2013 - All rights reserved
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3.1.33

slot

multiplexing

-2:2013(E)

technique of assigning, for a given channel, slots having the same slot identifier to different nodes in different
communication cycles

3.1.34

slot

number

number used to identify a specific slot within a communication cycle

3.1.35
star

dev|ce that allows information to be transferred from one physical communication link to one .r
physical communication links

NOTE A star duplicates information present on one of its links to the other links connected tothe’ star.
eithgr passive or active. For the purposes of this specification, all usages of the term "star" are referénces to
as described in ISO 17458-4.

3.1.B6

sta
Flex
info
NOT

3.1

statfic slot / static communication slot

inte
and
tran

NOT
mac

3.1

por
Acc

NOT
3.1
syn

Flex
arri

3.1.

staﬂic segment

tup frame
Ray frame whose header segment contains an indicator that integrating nodes may use

mation from this frame for initialisation during the startup process
E Startup frames are always also sync frames.
R7

val of time within the static segment of the communiecation cycle that is constant in terms of
during which access to a communication channel is granted exclusively to a specifi

Emission of a frame with a frame ID correspondifg to the slot

E Unlike a dynamic communication slot,) each static communication slot contains a constan
oticks regardless of whether or not a frame.is sent in the slot.

38

on of the communication cycle where the media access is controlled via a static Time Divis
bss (TDMA) scheme

E During this segment access to the media is determined solely by the progression of time.

39

c frame

Ray frame.whose header segment contains an indicator that the deviation measured between
al time.and its expected arrival time should be used by the clock synchronisation algorithm

10

node

more other

\ star can be
hn active star

timerelated

macroticks
c node for

t number of

on Multiple

the frame's

syn

node configured to transmit sync frames

NOTE Coldstart nodes and TT-D non-coldstart sync nodes are considered to be sync nodes.

3.1.41

synchronized operation
operation of a node when the node has a notion of FlexRay time, i.e., has knowledge of slot identifier, slot
boundaries, cycle counter, and segment boundaries

3.1.42
time gateway

pair

of nodes attached to different clusters connected by a time gateway interface

© I1SO 2013 - All rights reserved
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3.1.43
time gatew
interface us

3.1.44
time gatew

ay interface
ed by a time gateway source node to provide timing information for a time gateway sink node

ay sink node

node configured as TT-E coldstart node, which is connected via a time gateway interface to a time gateway
source node

NOTE

The time gateway sink node receives timing information from the time gateway source node.

3.1.45
time gatew|
node conng

NOTE L

3.1.46
time sink ¢
cluster usin

NOTE L

3.1.47
time sourc
cluster that

3.1.48
transmissi
structure id

3.1.49
TT-D clustg
cluster in w

NOTE
and, zero or

/

3.1.50
TT-D colds
coldstart no

NOTE 1
on each conf

3.1.51
TT-D non-d

Ay source node
cted via a time gateway interface to a time gateway sink node

he time gateway source node provides timing information for the time gateway sink node.

uster

j the TT-E synchronisation method

he term emphasizes that the TT-E coldstart nodes of this cluster receive their timing from another cluster

e cluster
provides the timing information for a time sink cluster

bn slot assignment list
entifying the set of all slots assigned to a node for transmission

h

r
nich the clock synchronisation uses-thie"TT-D synchronisation method

TT-D cluster consists of two or ‘mofe TT-D coldstart nodes, zero or more TT-D non-coldstart sync n
more non-sync nodes.
tart node
de operating in adA*D cluster
his node has.only a single key slot and sends a startup / sync frame in the configured key slot in each ¢

gured channel.

ofdstart sync node

bdes

ycle

node that i

procedure (

3.1.52

E_oconficnrad to trancmit oo framac hat 1o nnat canahla Af initiatina tha cammipinicatinn of
S—Eorgureo—to—tartstirt—Sy te—rares 1ot T C Ottty CoOrHorreattort—oSt

i.e., does not send startup frames)

TT-D synchronisation method
method of clock synchronisation in which the clock synchronisation is derived in a distributed manner from two
or more sync nodes

NOTE Two or more coldstart nodes are required to start up a cluster using this synchronisation method.
3.1.53
TT-E cluster

cluster in which the clock synchronisation uses the TT-E synchronisation method

tup
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NOTE A TT-E cluster consists of one or more TT-E Coldstart nodes and zero or more non-sync nodes.

3.1.54
TT-E coldstart node
coldstart node operating in a TT-E cluster

NOTE This node has two key slots and sends startup / sync frames in both configured key slots in each cycle on
each configured channel. A TT-E coldstart node is a time gateway sink (i.e., is configured for external synchronisation)
and bases its timebase on the clock sync information derived from the time source cluster as delivered by the time
gateway interface.

3.1.p5

TT-E synchronisation method
method of clock synchronisation in which the clock synchronisation is derived directly~fromp the clock
syng¢hronisation of another FlexRay cluster

NOTE In this method a single coldstart node is capable of starting up the cluster.
3.1.p6
TT-L cluster

cluster in which the clock synchronisation uses the TT-L synchronisation miethod
NOTE A TT-L cluster consists of one TT-L Coldstart node and one or more-hon-sync nodes.

3.1.p7
TT-L coldstart node
coldstart node operating in a TT-L cluster

NOTE This node has two key slots and sends startup Async frames in both configured key slots in epch cycle on
each configured channel.

3.1.h8

TT-L synchronisation method
method of clock synchronisation in which@he clock synchronisation is derived from the local clock of a single
syn¢ node, and in which a single coldstart node starts up the cluster

3.2] Symbols

> Summation symbgoly a large upright capital Sigma

€ Element, lowerscase epsilon

A For all {(given any), universal quantifier symbol, a turned "A"

3.3 Abhbreviated terms

us Microsecond

T Microtick

AP Action Point

BD Bus Driver

BIST Built-In Self Test
BITSTRB Bit Strobing Process
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BSS

CAS

CcC

CE

CHI

CHIRP

CODEC

CRC

CSP

CSS

DTS

ECU

EMI

ERRN

FES

FIFO

FSP

FSS

FTDMA

FTM

INH1

MAC

MT

MTG

MTS

NIT

NM

POC

RxD

Byte Start Sequence
Collision Avoidance Symbol
Communication Controller
Communication Element
Controller Host Interface

Channel Idle Recognition Point

Coding and Decoding Process

Cyclic Redundancy Code

Clock Synchronisation Process

Clock Synchronisation Startup Process
Dynamic Trailing Sequence

Electronic Control Unit, same as node
Electromagnetic Interference

Error Not signal

Frame End Sequence

First In First Out

Frame and Symbol Processing

Frame Start Sequence

Flexible Time Division Multiple Access
Fault-Tolerant-Midpoint

Identifier

Inhibit signal

Media Access Control Process

Maoecraticel
VIO CTUTICIC

Macrotick Generation Process
Media Access Test Symbol
Network Idle Time

Network Management
Protocol Operation Control

Receive data signal from bus driver
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SDL Specification and Description Language
SPI Serial Peripheral Interface

STBN Standby Not signal

SW Symbol Window

sync synchronisation

TDMA Time Division Multiple Access

TRHA Time Reference Point

TSY Transmission Start Sequence

TT-b Time-Triggered Local Distributed

TT-E Time-Triggered External

TT-L Time-Triggered Local Master

O Transmit Data signal from CC

TxEN Transmit Data Enable Not signal from CC
WUPOP Wakeup During Operation Pattern
WUP Wakeup Pattern

WUPDEC Wakeup Pattern Decoding Process
WUB Wakeup Symbol
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4 Document overview

Figure 1 illustrates the document references.

10

1SO 17458-1
FlexRay_ communications
system ~General
information and
use case definition

~
J

OSl Layer 7
Application

OSl Layer 6
Presentation

:

1SO 14229-1 UDS
Specification and

Enhanced Diagnostics

subset
>
>

requirements

" O

1SO 14229-4
UDSonFR

" O

Vehicle
manufacturer
specific

~
y

OSl Layer 5
Session

1ISO 14229-2 UDS
Session layer

services

\/

1ISO 14229-2 UDS
Session layer
services

J

OSl Layer 4
Transport

)i

OSl Layer 3
Network

OSitayer 2
RatalLink

I

FlexRay communications system

1SO 10681-2
Communication on
FlexRay —
Communication
layer services

Vehicle Manufacturer
specific

Vehicle
manufacturer
specific

" i

Vehiclé
manufacturer
specifie

o™

Vehicle
manufacturer
specific

Vehicle
manufacturer
specific

" O

Vehicle
manufacturer
specific

-

ISO 17458-2
FlexRay
communications system
— Data link layer
specification

ISO 17458-3
FlexRay
communications system
— Data link layer
conformance test
specification

OSl Layer 1
Physical

ISO 17458-4
FlexRay
communications system
- Electrical physical
layerspecification

1SC-+7456-5
FlexRay
communications system
- Electrical physical
layer conformance test
specification

Figure 1 — FlexRay document reference according to OSI model
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5 Conventions

5.1 General

ISO 17458 are based on the conventions specified in the OSI Service Conventions (ISO/IEC 10731) as they
apply for physical and data link layer (protocol).

5.2 Notational conventions

5.2. Parameter prefix conventions

Thelfollowing is a list of parameter prefix conventions:

Table 2 defines the parameter <prefix_1>.

<variable> ::= <prefix_1> [<prefix_2>] Name;
<prefix_1>:=a|c|v|g|p]lz

<prefix_2>:=d|s;

Table 2 — Definition of parameter.<prefix_1>

Naming Information type Description
donvention

a Auxiliary Auxiliary parameter used in the definition or derivation of other garameters

parameter or in the derivation of constraints.

c Protocol constant Values used to define characteristics or limits of the protocol. These values
are fixed)for the protocol and cannot be changed.

Y Node variable Values that vary depending on time, events, etc.

g Cluster parameter Parameter that shall have the same value in all nodes in a|cluster, is
initialized in the POC:default config state, and can only be changed while in
the POC:config state.

p Node parameter Parameter that may have different values in different nodes in thg cluster, is
initialized in the POC:default config state, and can only be changed while in
the POC:config state.

z L.ecal SDL process Variables used in SDL processes to facilitate accurate representation of the

variable necessary algorithmic behaviour. Their scope is local to the progess where
they are declared and their existence in any particular implementgtion is not
mandated by the protocol.
Table 3/defines the parameter <prefix_2>.
Table 3 — Definition of parameter <prefix_2>
Naming Information type Description
convention

d Time duration Value (variable, parameter, etc.) describing a time duration, the time
between two points in time.

S Set Set of values (variables, parameters, etc.).
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5.2.2 Text coding
Throughout the text several types of items are highlighted through the use of an italicized font.

Parameters, constants and variables are highlighted in italics. An example is the parameter gdStaticSlot. This
convention is not used within SDL diagrams, as it is assumed that such information is obvious. The meaning
of the prefixes of parameters, constants, and variables is described in 5.2.1.

SDL states are also highlighted in italics. An example is the SDL state POC:normal active. This highlighting
convention is not used within SDL diagrams. Further notational conventions related to SDL states are
described in 5.3.2.

not
be

SDL signald
used within
obvious.

are also highlighted in italics. An example is the SDL signal CHIRP on A. This convention ig
the SDL diagrams themselves as the fact that an item is an input or output signalshould

5.2.3 Implementation dependent behaviour
While this gpecification defines the required behaviour of a FlexRay implementation-in many respects, there
are various| decisions on the particulars of an implementation that, for flexibility teasons, are left up to|the
implementation designers. This specification defines the term "implementation dependent" to have|the

following meaning:

—

a behalviour (or a parameter or characterization of a behaviour, such“as a default value) that, subje¢t to

restrictjons contained in this specification, may be chosen by an implementation designer;

_ cific

implem
behavi

entation dependent behaviour may vary from implem@éntation to implementation, but the spe
pur shall be described in detail in the documentationof the implementation.

5.3 SDL cpnventions

5.3.1 General

The FlexRgy protocol mechanisms described in this specification are presented using a graphical method

loosely bas
this descrip
present a r
intended tg
understand

The SDL d
method of
rather than

bd on the Specification and Deseription Language (SDL) technique described in [10]. The inte
lion is not to provide a complete executable SDL model of the protocol mechanisms, but rathg
pasonably unambiguous ‘description of the mechanisms and their interactions. This descriptid

be read by humans, nhot by machines, and in many cases the description is optimized
hbility rather than exact syntactic correctness.

escriptions imthis specification are behavioural descriptions, not requirements on a partig
mplementation. In many cases the method of description was chosen for ease of understan
efficieney. 0f implementation. An actual implementation should have the same behaviour as

SDL descri

t
Several SDT,

ion, but it need not have the same underlying structure or mechanisms.

diagrams have textual descriptions intended to assist the reader in understanding the behay

nt of
b to
nis

for

ular
ling
the

iour

depicted in the SDL diagrams. Some technical details are intentionally omitted from these explanations.
Unless specifically mentioned, the behaviour depicted in the SDL diagrams takes precedence over any textual
description.

In SDL, transitions between states, and any processing that takes place along the paths involving these
transitions, is assumed to take place in zero time. The descriptions of the protocol mechanisms rely on this
zero time assumption to specify the proper behaviour of an implementation. Transitions and processing in a
real implementation will not take place in zero time. The implementation designer shall comprehend any
discrepancy between the implicit zero time assumption in the SDL description and the actual time taken in the
chosen implementation technology and ensure that the implementation's behaviour is consistent with the
behaviour described in the SDL.
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5.3.2 SDL notational conventions

States that exist within the various SDL processes are shown with the state symbol shaded in light gray.
These states are named with all lowercase letters. Acronyms or proper nouns that appear in a state name are
capitalized as appropriate. Examples include the states "wait for sync frame" and "wait for CE start".

SDL states that are referenced in the text are prefixed with an identification of the SDL process in which they
are located (for example, the state POC:normal active refers to the "normal active" state in the POC process).
This convention is not used within the SDL diagrams themselves, as the process information should be
obvious.

Thel definitions of an SDL process are often spread over several different figures. The caption of|each figure
that|contains SDL definitions indicates to which SDL process the figure belongs.

5.3.8 SDL extensions

5.3.8.1 General
Thel SDL descriptions in this specification contain some constructs that are not a part of normall SDL. Also,
some mechanisms described with constructs that are part of normal SDL-expect that these constriicts behave

somewhat differently than is described in [10]. This subclause dogcuments significant deviations from
"stapdard" SDL.

5.3.8.2  Microtick, macrotick and sample tick timers
Thel| representation of time in the FlexRay protocol is based on a hierarchy that includes migroticks and
magroticks (see clause 12 for details). Several SDL mechanisms need timers that measure a cerfain number
of microticks or macroticks. This specification makes use of an extension of the SDL ‘'timer' ¢onstruct to
accpmplish this.

An $DL definition of the form

uT [timer

defines a timer that counts in tetms, of microticks. This behaviour would be similar to that of an $DL system
whdse underlying time unit is the yicrotick.

An $DL definition of the farm
MT |timer

defipes a timer that counts in terms of macroticks. A macrotick timer uses the corrected macrotickg generated
by the macrgtick generation process. Since the duration of a macrotick can vary, the duration of these timers

canlalso vary, but the timers themselves remain synchronized to the macrotick-level timebase of the protocol.

In a|l 'ether respects both of these constructs behave in the same manner as normal SDL timers.

In addition to the above, several SDL mechanisms used in the description of encoding make use of a timer
that measures a certain number of ticks of the bit sample clock. An SDL definition of the form

ST timer
defines a timer that counts in terms of ticks of the bit sample clock (i.e., sample ticks). This behaviour would

be similar to that of an SDL system whose underlying time unit is the sample tick. In all other respects this
construct behaves in the same manner as a normal SDL timer.
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There is a defined relationship between the "ticks" of the microtick timebase and the sample ticks of bit
sampling. Specifically, a microtick consists of an integral number, pSamplesPerMicrotick, of sample ticks. As a
is a fixed phase relationship between the microtick timebase and the ticks of the sample clock.

result, there

The time expression of a timer is defined in [10] by:

<Time

expression>

now + <Duration constant expression>

In this specification the time expression is used in the following simplified way:

<Time|

5.3.3.3

The behavi
at the occu
taken by d
makes use

This specif]
available tdg
assumed td
without bol
difference 1
between th

q

5.3.3.4

The FlexRay

the protoco

channel A @and one for channel B. This specification only provides SDL descriptions for the channel-spe
bn channel A -
ther, essentially identical, process defined for channel B, even though this process is not expl

processes
there is andg
described ir

Channel-sp|
synchronisa
specific pr(
integration

5335 K

The SDL |
processes
causes mul

Nicrotick behaviour of the 'now' — expression
pural descriptions of various aspects of the FlexRay system require the ability to take "timestan
rence of certain events. The granularity of these timestamps is one microtickq and the timesta
fferent processes need to be taken against the same underlying timebase. This specificg
pf an extension of the SDL concept of time to facilitate these timestamps:

cation assumes the existence of an underlying microtick timebase. This timebase, whic

pcific processes have names that include the identity of their channel (for example,
tion startup process ©n channel A [CSS_A]"). In addition, some signals that leave a chan

hborted on A)®),

\nguage" contains certain ambiguities regarding the order of execution of processes if mul

expression> = <Duration constant expression>a

all processes, contains a microtick counter that is started ,at zero at some arbitrary ef
occur before system startup. As time progresses, this timebaSetincrements the microtick cou
nd4). Explicit use of the SDL 'now' construct returns the'walue of this microtick counter.

etween the timestamps of two events represents the, number of microticks that have occu
events.

hannel-specific process replication

protocol described in this specification is_a-dual channel protocol. Several of the mechanisn]
are replicated on a channel basis, i.e.,*essentially identical mechanisms are executed, ong

it is assumed that-whenever a channel-specific process is defined for chann
the specification.

cess have signal\names that include the identity of their channel (for example, the si

andling of \priority input symbols

aveinput queues that are not empty For example, the usage of timers and clock oscnlator in
inle proce

hps”
nps
tion

n is
och
nter
The
rred

sin

for
cific
el A
citly

Clock

nel-
ynal

iple
buts

Ses

no problem for the FlexRay specmcatlon but for certain speC|aI cases it is not pOSSIb|e to speC|fy the required

behaviour in

an unambiguous way without additional language constructs.

To resolve these situations the SDL priority input symbol is used, but with a slightly extended meaning.
Whenever an input priority symbol is used, no other exit path of this state may be taken unless it is impossible
that the priority input could be triggered on the current microtick clock edge. Effectively, the execution of the

ration time expression is zero or negative then the timer is started and expires immediately.

This is in contrast to the vMicrotick variable, which is reset to zero at the beginning of each cycle.

It is also possible for a signal leaving a channel-specific process to have a name that does not identify the channel. In

such cases, a process that receives the SDL signal should behave identically regardless of which process sent the

3) Ifthedu
4)
5)

signal (i.
14

e., the process receiving the signal effectively OR's the signals from all of the sending processes).
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process in question is stalled until all other process have executed. Should multiple processes be in a state
where they are sensitive to a priority input, all are executed last and in random order. The message queue is
handled in the standard way, i.e. the signal triggering the priority input is removed from the queue while any
signals placed before or after are preserved for the succeeding state.

5.3.3.6  Signals to non-instantiated processes

In various portions of the SDL behavioural descriptions the SDL sends signals that are received by a process
that in some conditions may not be instantiated. As an example, the SDL in Figure 30 generates the signal
CODEC control on B (NORMAL) even if the node is only attached to channel A (implying that the CODEC_B
process is not instantiated). The sending of these signals should not be interpreted as requiring that

prod
igng
isn

5.3.

Cer
conj

Signals marked with the EXP keyword are distributed within the local comimunication controller lik

sign
sep
sym
with

5.4
The
non
(cor
imp
55

The

esses that receive the signal should be instantiated - in such cases these signals shaulg
red. This convention holds even if the only process that consumes the signal in question-is'af
bt already instantiated.

3.7 Exported and imported signals
ain features of the FlexRay protocol require that a certain direct communication betwe
munication controllers of a time gateway is modeled within the SDL diagrams (for example,

al, but are in addition are also forwarded to a second communication ‘controller that is repre
hrate instance of the SDL diagrams. On the receiving end, these exported signals can be recei

the EXP keyword of the other communication controller.

Bit rates

FlexRay Communications System specifies thrée standard bit rates — 10 Mbit /s (corresp
inal bit duration, gdBit, of 100 ns), 5 Mbit/ & (corresponding to a gdBit of 200 ns), and
responding to a gdBit of 400 ns). In order to be considered FlexRay conformant,
ementation is required to support all three standard bit rates.

Roles of a node in a FlexRay cluster
Fe are three distinct roles a noede*can perform.

The role of a sync node-enables a node to actively participate in the clock synchronisatio
performed by the cluster. Sync nodes transmit sync frames that are evaluated by all nodes o
to perform an alighment of clock rate, that effectively determines the cycle length, and clock
effectively determines the position of the cycle start.

The role of‘\a coldstart node enables a node to initiate the communication. Coldstart nodes ar¢
start transmitting startup frames in the non-synchronized state with the intent of establishing
Nodés-~integrate onto that new schedule by evaluating the content and timing of the rece
frames. A coldstart node is always also a sync node and a startup frame is always also a sync

simply be
rocess that

en the two
see 5.6.4).
e any other
tented by a
ed by input

bols marked with the IMP keyword. Input symbols marked in this\way are only sensitive to signals emitted

bnding to a
2,5Mbit/s
a protocol

n algorithm
the cluster
offset, that

e allowed to
A schedule.
ved startup
frame.

5.6

A node that is neither a coldstart node nor a sync node is referred to as non-sync node. It performs no

special task.

Synchronisation methods

5.6.1 General

A FlexRay node supports three different synchronisation modes. The behaviour of the cluster depends on the
employed synchronisation mode of the nodes in the cluster.
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5.6.2 TT-D synchronisation method

A cluster in which the coldstart nodes use the TT-D synchronisation method is a TT-D cluster. The TT-D
synchronisation method uses a distributed algorithm to reduce the effect of any single failure. No critical task
depends on any single node. A distributed startup instigated and carried through by two to fifteen coldstart
nodes mitigates many adverse effects a single faulty coldstart node can have (see clause 11). A distributed
clock synchronisation algorithm actively driven by two to fifteen sync nodes is robust against a number of
Byzantine faults depending on the number of currently active sync nodes (see clause 12).

The advantage of the TT-D synchronisation method over the others is increased fault-tolerance.

Figure 2 sh
equal to or
coldstart sy

the protocol.

563 TT-I

A cluster in
synchronisg
required co
like two reg
TT-L cluste
transmitting
two frames
will depend

TT-D coldstart TT-D non-coldstart non-sync
node 1 sync node 1 node 1
TT-D coldstart TT-D non-coldstart non-sync
node 2 sync node 2 node 2

TT-D coldstart
node n

TT-D non-coldstart
sync node m

non-sync
node p

Figure 2 — TT-D cluster

pbws the configuration of nodes in a TT-Dieluster. The number of TT-D coldstart nodes n sha

hc nodes m shall be equal to or less'than fifteen. The number of non-sync nodes p is not limite

| synchronisation method

which the sole coldstart node uses the TT-L synchronisation method is a TT-L cluster. The
tion method is a-madification of the TT-D synchronisation method that reduces the numbe
dstart nodes from-two to one. The single TT-L coldstart node in a TT-L cluster essentially behd
ular TT-D caldstart nodes by transmitting two startup frames. In this way non-sync nodes of
r will behave~as if they were placed in a TT-D cluster with two TT-D coldstart nodes regu
their startup / sync frames and will integrate and operate normally, unaware of the fact that
they receive actually come from the same node. The schedule and timing of such a TTL cluy
entirely on the single TT-L coldstart node.

| be

preater than 2 and the sum of the number of TT-D coldstart nodes n and the number of TTD non-

0 by

TTL
r of
Ives
the
arly
the
ster

The advantages of the TT-L synchronisation method are a reduced system complexity, a slightly reduced
startup time, and an improved precision.

16
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Figure 3 shows the configuration of nodes in a TT-L cluster. There exists exactly one TT-L coldstart node. The
number of non-sync nodes p is not limited by the protocol.

5.6.

AcC
inte
time
TT-
clus
gate

Figd
the
cold

The)
gate
sink

Inst
cycl
(slid

Sim
sing

TT-L coldstart non-sync
node 1 node 1
non-sync
node 2
non-sync
node p

Figure 3 — TT-L cluster

1  TT-E synchronisation method

uster in which the coldstart nodes use the TT-E synchtenisation method is a TT-E cluster. ]
nt of the TT-E synchronisation method is to synchronize the schedule of the TT-E cluster, a

E coldstart node, also called a time gateway sifik node, shall be paired with a node of its
ter; this pair of nodes is called a time gateway:¥he node on the time sink cluster side is then ¢
way sink node while the node on the time source cluster side is called time gateway source no

re 4 depicts the basic setup. Depending on the synchronisation method employed by time sod
time gateway source node may(be+a TT-D coldstart node, a TT-D non-coldstart sync ng

start node, or a non-sync node®:
two nodes of the time gateway are connected via a time gateway interface, which is used
node.

pbad of the usuahdistributed startup, a TT-E coldstart node derives the cycle length and pog
e start from<its-time gateway source node and directly starts transmitting according to th
htly shifted with a fixed offset of cdTSrcCycleOffset microticks).

lar totthe TT-L synchronisation method, each TT-E coldstart node transmits two startup framg
le-TT-E coldstart node suffices to start and maintain a TT-E cluster. Contrary to the TT-L syn

'he primary
so called a

sink cluster, to a second FlexRay cluster, which is:referred to as time source cluster. To that end, each

ime source
alled a time
de.

rce cluster,
de, a TT-L

by the time

way source node to provide information about the schedule of the time source cluster to the tifne gateway

ition of the
s schedule

s, so that a
hronisation

met|

their schedule from the same cluster, they are implicitly synchronized to one another.

6)

pdes derive

In theory it is also possible for the time gateway source node to be a TT-E coldstart node, but this would imply a time
gateway that includes three or more distinct nodes. Such configurations are beyond the scope of this specification.
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Time Synchronized Cluster Pair

Time Source

Cluster

Node

Time
Gateway

Time Gateway
Source Node

Time Gateway |
Source Node :

eislaat

v

Node

Time Gateway Sink

| Time Gateway Sink |
[ Node '

Time Sink

Cluster

The advant
another Fle
avoid limits

of nodes in

bandwidth.

Figure 5 sh
being a tim

cluster or T
to 7. The nu

The suppor

Figure 4 — Time synehronized cluster pair

Time Gateway:
Interface

Communication
Channel

Optional Gateway
Components

hge of the TT-E synchronisation, method is the close coupling of the schedule of a TT-E clustg
XKRay cluster. In this way, a single FlexRay cluster may be split into synchronized sub-cluster
on attached nodes placed upon a single FlexRay cluster by ISO 17458-4 or to enable a separs
to multiple clusters according to communication needs for a more efficient use of the avail

pws the configuration of two connected clusters, the lower being a time sink cluster, the uj
b source cluster, in this case a TT-D cluster. The TT-D cluster could also be replaced by a 1
T-E cluster!). The number of TT-E coldstart nodes ‘i shall be at least one and less than or e
mber.6fnon-sync nodes 'k' is not limited by the protocol.

of the TT-E synchronisation method is optional. This means that a FlexRay node may not sup

br to
s to
tion
Able

bper
[T-L
hual

port

being a TT-E coldstart node, may not support being a time gateway source node, or may support neither of
these features.

7) This specification does not provide configuration constraints for a "daisy-chain" of TT-E clusters. All configuration

constraints assume that a time source cluster is either a TT-D cluster or a TT-L cluster.

18

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

Opt
with
beh
imp
of th

5.7

TT-D coldstart TT-D non-coldstart non-sync
node 1 sync node 1 node 1
TT-D coldstart TT-D non-coldstart non-sync
node 2 sync node 2 node 2
TT-D coldstart TT-D non-coldstart non-sync
node n sync node m node p
re s T T T T T - -, r— - - = =7 - re s T T T T T I
| ! ! |
: GWsource 1 | : GWsource 2 | : GWsourceri |
| | |
TT-D cluster : I : I : I
—o—o'—.—o_?—o—ol— |—-—oh
| | I | I |
TT-Ecluster | Y : I Y : | \i :
l'| Gwsink1: | Il Gwsink2: | | | GWsink i: |
: TT-E coldstart | | : TT-E coldstart | | : TT-E coldstart | |
| node 1 I | node 2 I | node i I
L ____ I . L __] .
non-sync
node 1
non-sync
node 2
non-sync
node k

Figure 5 — TT-E cluster

Network topology considerations

onal behaviour related to the feature of being a TT-E coldstart node is marked by dashed
in the SDL diagram’s. Each such rectangle is additionally annotated with the text "TT-E time g
hviour (optional)®s An implementation not supporting the TT-E synchronisation method may cH
ement the SPL content marked as optional. Further, such an implementation shall behave as
e variable pExternalSync and in consequence also of the variable vExternalSync is fixed to fal

rectangles
ateway sink
00se not to
if the value
5e8).

5.7.1 General

The following subclauses provide a brief overview of the possible topologies for a FlexRay system. This
material is for reference only - detailed requirements and specifications may be found in ISO 17458-4.

8)

© I1SO 2013 - All rights reserved

As a result, it would be possible to redraw the SDL diagrams to remove the optional TT-E behaviour by eliminating all
decision boxes involving pExternalSync or vExternalSync (which under these circumstances have a pre-determined
outcome) and all optional material inside the dashed boxes. The remainder is the required behaviour for all FlexRay

implementations.
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There are several ways to design a FlexRay cluster. It can be configured as a single-channel or dual-channel
bus network, a single-channel or dual-channel star network, or in various hybrid combinations of bus and star
topologies.

A FlexRay cluster consists of at most two channels, identified as Channel A and Channel B. Each node in the
cluster may be connected to either or both of the channels. In the fault free condition, all nodes connected to
Channel A are able to communicate with all other nodes connected to Channel A, and all nodes connected to
Channel B are able to communicate with all other nodes connected to Channel B. If a node needs to be
connected to more than one cluster then the connection to each cluster shall be made through a different
communication controller9).

5.7.2 Paspive bus topology

Figure 6 shpws the possible topology configuration of the communication network as a dual bus. /A node|can
be connectéd to both channels A and B (nodes A, C, and E), only to channel A (node D), or only te channgel B
(node B).

Node A Node B Node C Node D Node'E

l I ) I

O O O O Channel B

Figure 6 — Dual channel bus configuration

The FlexRgy communication network can also“be a single bus. In this case, all nodes are connected to|this
bus.

5.7.3 Active star topology

A FlexRay rommunication netwerk can be built as a multiple star topology. Similar to the bus topology,| the
multiple-staf topology can support redundant communication channels. Each network channel shall be free of
closed ringg, and there can-le no more than two active stars on a network channel10).

NOTE there may\be’ physical layer-related restrictions that limit the number of active stars for certain bit rates { see
ISO 17458-4]for detalils.

An incoming_Signal received on a branch of an active star is actively driven to all other branches of the agtive
star.

The configuration of a single redundant star network is shown in Figure 7. The logical structure (i.e., the node
connectivity) of this topology is identical with that shown in Figure 6. It is also possible to create a single, non-
redundant star topology that has the same logical structure as the single bus mentioned above.

9) For example, it is not allowed for a communication controller to connect to Channel A of one cluster and Channel B
of another cluster.

10) A channel with two active stars would have the stars connected to each other. Communication between nodes
connected to different stars would pass through both stars (a cascaded star topology).

20 © 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

Node A

Node B

Node C

Node D

Node E

Star

Star

Figdre 8 shows a single channel network built with two active stars. Each node has a point-to-point
to ohe of the two active stars. The first active star (1A) is directly connected to the second active st

N

Figure 7 — Dual channel single star configuration

Node A
Node B
Star
1A
Node C
Node D

NG

Node E

Node H

connection
ar (2A).

Node F

Node G

Figure 8 — Single channel cascaded star configuration

NOTE1

configuration is Figure 9.

NOTE2

© I1SO 2013 - All rights reserved

it is also possible to have a redundant channel configuration with cascaded stars. An example of such a

this example does not simply replicate the set of stars for the second channel - Star 1A connects nodes A, B,
and C, while Star 1B connects nodes A, C, and E.
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Star Star
1B 2B
Node A Node B Node C Node D Node E Node F
Star Star
1A 2A
Figure 9 — Dual channel cascaded starconfiguration
5.7.4 Active star topology combined with a passive-bus top

In addition {o topologies that are composed either entirely of a bus topology or entirely of a star topology,

possible to
supports su
For exampl
topology.

have hybrid topologies that are a-mixture of bus and star configurations. The FlexRay sys
ch hybrid topologies as long as the-limits applicable to each individual topology are not excee
b, the limit of two cascaded active’stars also limits the number of cascaded active stars in a hy

There are

here. Figur¢ 10 shows an example of one type of hybrid topology. In this example, some nodes (nodes A

C, and D)

are connected to each othér using a bus topology. This bus is also connected to an active star, allowing nd
E, F, and G|to communicate with the other nodes.

large number of possSiple hybrid topologies, but only two representative topologies are sh

it is
tem
ed.
brid

bwn
, B,

re connected using, point-to-point connections to an active star. Other nodes (nodes E, F, ang G)

des
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Node D

A fu
use
imp

Node B Node C
Star Star
Node A 1A QA
Node E Node F Node G

ISO 17458-2:2013(E)

Figure 10 — Single channel hybrid example

ndamentally different type of hybrid topology is shown in Figure*11. In this case, different tof
l on different channels. Here, channel A is implemented as @bUs topology connection, while ¢
emented as a star topology connection.

Node A

Node B

Node C

Node D

Node E

Chan

Figure 11 — Dual channel hybrid example

ologies are
hannel B is

nel A

The protocol implications of topologies with stubs on the connection between active stars have not been fully
analyzed. As a result, such topologies are not recommended and are not considered in this specification.

© I1SO 2013 - All rights reserved
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5.8 Example node architecture

5.8.1 Objective

This subclause is intended to provide insight into the FlexRay architecture by discussing an example node
architecture and the interfaces between the FlexRay hardware devices.

The information in this subclause is for reference only. The detailed specification of the interfaces is given in
the electrical physical layer specification ISO 17458-4; references are made here to appropriate text passages
from this document.

Note that ap active star component can also function in a role similar to a bus driver via the use of the optipnal
BD-CC intefface as specified in ISO 17458-4. The following subclauses describe the node architecture upder
the assumption that the CC interfaces to the channel(s) via a bus driver rather than via an active star,

5.8.2 Ovdrview

Figure 12 depicts an example node architecture. One communication controller, one host, one power supply
unit, and two bus drivers are depicted. Each communication channel has one bus_driver to connect the node
to the channel. In addition to the indicated communication and control data interfaces an optional interface
between thé bus driver and the power supply unit may exist.

Communication Data

A
4

Host Communication Controller

Configuration Data &
Status Information

\ 4

S“ A
<
| .- g
k=2 s E e
2 g > S
e = Q ©
c =] <) Q
[S) € =] S
O g g g
o o £
\ 4 \ 4 8
Bus Driver ¥ v

A
\ /

Control Data &
Status Information

\ i

Power Supply

Control Signals (optional)

AA

Figure 12 — Logical interfaces
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5.8.3 Host - communication controller interface

The host and the communication controller share a substantial amount of information. The host provides
control and configuration information to the CC and provides payload data that is transmitted during the
communication cycle. The CC provides status information to the host and delivers payload data received from

com

munication frames. Figure 13 illustrates the Host and the Communication Controller.

Details of the interface between the host and the communication controller are specified in clause 13.

5.8.

The|
CcC

The|
onta
bus

The|

Figu
con
dev
the

Communication Data L
Communication Controller

Host

A
A

Configuration Data &
Status Information

Figure 13 — Host - communication controller interfaces

M1  Communication controller - bus driver interface

interface between the BD and the CC consists of three digital electrical signals. Two are outp
TxD and TxXEN) and one is an output from the BD (RxD):

CC uses the TxD (Transmit Data) signal to transfer.the actual signal sequence to the BD for t
the communication channel. TXEN (Transmit Data Enable Not) indicates the CC's request
driver present the data on the TxD line to its cefresponding channel.

BD uses the RxD (Receive Data) signal to-transfer the actual received signal sequence to the

re 14 shows the connection between the communication controller and the bus driver and
nection between the protocol engine and the pins. This data link layer specification does n
ce but the behaviour of the FlexRay protocol. In the following the data link layer specification o
nternal signals TxD, TXxEN,\and RxD as depicted in Figure 14.

its from the

ansmission
to have the

CC.

the internal
bt specify a
nly refers to
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Communication Controller RxD_external Bus Driver
RxD
-— Port Function —{}« RxD
Protocol <D ! -
CHI Engine »( Port Function —{ I » | TxD
TxD_externa
TXEN p Port Function —{ »{ | TXEN

TXEN_external

Between th
the electricy

behavi

pin mu
and TX
respec

If the pins
requiremen
depowered
bus driver
low13).

Some requi
TXEN_exte

I/O volfage level,

ESD piotection,

Key

CHI Controller Host Interface
TXEN  Transmit enable

TxD Transmit data

RxD Receive data

Figure 14 — Communication controller - bus driver interface

b internal and the external signals there are device specific port functions which are responsiblg
|| behavior of the pins, for example

bur during power up initialization, reset, or while depowered, and

tiplexing (e.g. the connection of the external pins associated with the RxD_external, TxD_exte
EN_external signals either to the FlexRay protocol engine (i.e., the RxD, TxD, and TxEN sigr
ively), to some other function insidé'the CC implementationd), or to nothing at all).

hre connected to something other than the FlexRay protocol engine this specification placeg
s on the behavior of those/pins. However, the behavior during power up initialization, reset, w
and the default behavior prior to the configuration of any pin multiplexing, shall ensure that
loes not actively drive the FlexRay busl?, and that the bus driver interprets the TxD signg

rements (e.g’"the electrical characteristics and timing) on the port functions and the TxD_exte
nal and RxD_external signals are specified in ISO 17458-4.

e for

rnal
als,

no
hile
the
| as

nal,

11) For example, if the CC implementation is part of a microcontroller it is possible that the microcontroller could be
configured to use I/O pins either as the FlexRay I/O (RxD, TxD, and TxEN) or for some other purpose (perhaps general
purpose 1/O).

12) This could be done, for example, by ensuring that the TXEN_external output is driven to active high, provided with a
weak pull up, or set to high impedance.

13) This could be done, for example, by ensuring that the TxD_external output is driven to active low, provided with a
weak pull down, or set to high impedance.

26

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

5.8.5 Bus driver - host interface

5.8.5.1 Overview

The interface between the BD and the host allows the host to control the operating modes of the BD and to
read error conditions and status information from the BD.

This interface can be realized using hard-wired signals (see option A in Figure 15) or by a Serial Peripheral
Interface (SPI) (see option B in Figure 16).

58:2 : :ﬂld VV;ICC!I D;HIIG:D (upt;un A)
Thig implementation of the BD - host interface uses discrete hard wired signals. The interface cansists of at
least an STBN (Standby Not) signal that is used to control the BD's operating mode and,an ERRN (Error Not)
sigrjal that is used by the BD to indicate detected errors. The interface could also include additipnal control
sigrjals (the "EN" signal is shown as an example) that support control of optional opetational modes.
Figdre 15 illustrates an example of a bus driver with a host interface option A.
Host Bus Driver
STBN v
............................ EN
- ERRN

Key

STBN  Standby Not

EN Enable

ERRN  Error Not

Figure@5 — Example bus driver - host interface (option A)

Thig interface is product specific; some restrictions are given in ISO 17458-4 that define minimum functionality
to epsure interoperability.
5.8.p.3  Serial peripheral interface (SPI) (option B)
Thig implementation of the BD - host interface uses an SPI link to allow the host to command the BD
ope i = he BD In addition the BD has 3 "ruptoutput

© I1SO 2013 - All rights reserved
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Figure 16 illustrates an example of a bus driver with a host interface option B.

The electrical characteristics and timing of this interface are specified in ISO 17458-4.

Host Bus Driver
SCSN
SDI
SCK
B INTN
Key
SCSN  SPI chip select Not
SDI SPI data input

SDO SPI data output
SCK SPI clock input
INTN Interrupt

Figure 16 — Example bus driver - host interface (option B)

5.8.6 Bus|driver - power supply interface (optional

The inhibit signal (INH1) is an optional interface.that allows the BD to directly control the power supply of an
ECU. This gignal could also be used as one of aset of signals that control the power moding of the ECU.

Figure 17 illustrates an example of a bustdriver with a power supply interface.

Bus Driver Power Supply

INH1

Y

Key

INH1  Inhibit signal

Figure 17 — Bus driver - power supply interface

The electrical characteristics and behaviour of the INH1 signal are specified in ISO 17458-4.

5.8.7 Time gateway interface

A time gateway sink node needs information on the schedule and clock synchronisation algorithm of its time
gateway source node. The time gateway source node provides this information via the time gateway interface
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to the time gateway sink node. This interface is unidirectional - no information flows back from the time
gateway sink node to the time gateway source node. This interface is an optional feature only required to
allow the node to be a time gateway source or time gateway sink node. Details of the interface between the
time gateway source node and the time gateway sink node are specified in clause 12. The usage of this
interface is indicated in the SDL diagrams by the EXP keyword on the transmitting end and the IMP keyword
on the receiving end.

Figure 18 illustrates a time gateway interface.

Time Gateway Source Time Gateway Sink Node

Node Time & Status Information
>

Figure 18 — Time gateway interface

5.8.8 Testability requirements
ISO[17458-3 contains additional implementation requirements.” The purpose of these requireents is to

faciltate testing, for example by establishing timing bounds¢ferthe availability of CHI information necessary to
exegute certain tests.

6 [Protocol operation control
6.1|Principles

6.1. General

Thig subclause defines how the_core mechanisms of the protocol are moded in response to hostlcommands
and|protocol conditions.

Thel| primary protocol behaviour of FlexRay is embodied in four core mechanisms, each of which is described
in ajdedicated subclause of this specification for

— |Coding andDecoding (see clause 7),

— | Media-Access Control (see clause 9),

— LErame and Svumbal Processina (see clause 10) _and
4 I\ 77

— Clock Synchronisation (see clause 12)

In addition, the controller host interface (CHI) provides the mechanism for the host to interact in a structured
manner with these core mechanisms and for the protocol mechanisms, including Protocol Operation Control
(POCQC), to provide feedback to the host (see clause 13).

Each of the core mechanisms possesses modal behaviour that allows it to alter its fundamental operation in
response to high-level mode changes of the node. Proper protocol behaviour can only occur if the mode
changes of the core mechanisms are properly coordinated and synchronized. The purpose of the POC is to
react to host commands and protocol conditions by triggering coherent changes to core mechanisms in a
synchronous manner, and to provide the host with the appropriate status regarding these changes.
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The necessary synchronisation of the core mechanisms is particularly evident during the wakeup, startup and
reintegration procedures. These procedures are described in detail in clause 11. However, these procedures
are wholly included in the POC as macros in the POC SDL models. They can be viewed as specialized
extensions of the POC.

6.1.2 Communication controller power moding

Before the POC can perform its prescribed tasks the communication controller (CC) shall achieve a state
where there is a stable power supply. Furthermore, the POC can only continue to operate while a stable
power supply is present.

Figure 19 d

NOTE F
superset of §

In the powe
reset and

operational
the other g
operational

bpicts an overview of the CC power moding operation.

power off

power on

operational

Key
POC Protocol.Operation Control

Figure 19 — Power moding of the communication controller

igure 19 illustrates the state {labelled POC operational which is not actually a specific state but rath
Il operational states of the protocol operation control (see Figure 21).

r off state there is_inSufficient power for the CC to operate14). In the power on state (including
POC operationalj“the CC shall guarantee that all pins are in prescribed states. In the R
state the CCrshall drive the pins in accordance with the product specification. The POC con
rotocol mechanisms in the manner described in this subclause while the CC is in the R
State.

er a

both
OoC
rols
ocC

14) While the CC cannot enforce specific behaviour of the pins, there shall be product-specific behaviour specified (e.qg.
high impedance).
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6.2 Description

6.2.1 Protocol operation control context

ISO 17458-2:2013(E)

The relationships between the CHI, POC and the core mechanisms are depicted in Figure 2019),

to / from host

controller
host interface
A
N Y
7 B protocol
operation
4“\3 control ::p—
A A A
| A
: clock
macrotick .
- synchronization
generation -
processing
clock §
synchronization clock
startup | synchronizéation
channel B | startup channel A
¥ i Y
media access W frame and symbol
control — processing
channel A ‘ media channel A
access
control
channel B \\
coding / decoding M frame andg
> processes symbol
channel A processinp
‘ channel B
coding / decoding
processes
to channel interface channel B from channel interface
Ciaura 20 Dratocal anaration ~nontral ~antAvt
—Hege—20 rretecot-operattoR-coRtrerecontext

15) The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines
are relevant to the protocol, but not to this clause.
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6.2.2 Operational overview

6.2.2.1

General

The POC SDL process is created as the CC enters the POC operational state and terminated when the CC
exits it. The POC process is responsible for creating the SDL processes corresponding to the core
mechanisms and informing those processes when they are required to terminate. It is also responsible for
changing the mode of the core mechanisms of the protocol in response to changing conditions in the node.

Mode changes of the core mechanisms occur when the POC itself changes states. Some of the POC state

changes ar

simply a consequence of completing tasks. For example, the POC:normal active state (see 6

3.7)

is entered 4
a direct con

Host cq
Error ¢

sanity
are ind

6.2.2.2 H

s a consequence of completing the startup process. However, most of the POC state changes
sequence of one of the following:

mmands communicated to the POC via the CHI;

onditions detected either by the protocol engine or a product-specific built-in|self-test (BIST
check. The host may also perform sanity checks, but the consequences of the host sanity chg
cated to the POC as host commands.

ost commands

Strictly spedgking, the POC is unaware of the commands issued by the host) Host interactions with the CC|

processed

minor distin
originated i
provided to

py the CHI. The CHI is responsible for relaying relevant commands to the POC. While this
ction, the remainder of the POC description in this document treats the host commands as if
h the CHI. Similarly, status information from the PQC: that is intended for the host is sir
the CHI, which is then responsible for formatting.it~appropriately and relaying it to the host

prescribed manner (see clause 13).

Some host
while mode
commands
captured in
the host iss
processed

protocol en

commands result in immediate changes being reflected in the moding of the core mechani
changes are deferred to the end of theceommunication cycle for others. In addition, some

are not processed in every POC state~Fhe detailed behaviour corresponding to each commar
the SDL descriptions and accompanying text (see 6.3). They are briefly summarized in Table
Lies a specific CHI command whilexthe POC is in a state other than the states shown in the "W
POC States)" column in Tabley4 the command shall be ignored (i.e., it shall have no effect on
jine).

are

) or
bcks

are
is a
hey
nply
in a

5MS
nost
dis
4. If
here
the
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Table 4 — CHI host command summary
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CHI command

Where processed (POC States)

When processed

ALL_SLOTS POC:normal active, POC:normal passive End of cycle
ALLOW_COLDSTART | All except: Immediate
POC:default config, POC:config, POC:halt,
POC:wakeup listen, POC:wakeup send, POC:wakeup
detect?®
CLEAR_DEFERRED All except: Immediate
POC:default config, POC:config, POC:ready, POC:halt
CONFIG POC:default config, POC:ready Immediate
CONFIG_COMPLETE POC:config Immediate
DEFAULT_CONFIG POC:halt Immediate
RUN POC:ready Immediate
WRAKEUP POC:ready Immediate
FREEZE All Immediate
IMMEDIATE_READY All except: Immediate
POC:default config, POC:config, POC:ready;POC:halt
DEFERRED_READY All except: Immediate
POC:default config, POC:config, POC:ready, POC:halt,
POC:normal active, POC:normalpassive, POC:wakeup
send, POC:coldstart collision resolution, POC:coldstart
consistency check, POC:coldstart join
DEFERRED_READY POC:normal active, POC:normal passive, End of cycle
POC:coldstart collision resolution®, POC:coldstart
consistency check,\POC:coldstart join
DEFERRED_READY POC:wakeup(send After  transmissiop of a
complete WUP or detection of
wakeup collision
DEFERRED_HALT All except: Immediate
POC:halt, POC:normal active, POC:normal passive,
POC:wakeup send, POC:coldstart collision resolution,
POC:coldstart consistency check, POC:coldstart join
DEFERRED_HALF POC:normal active, POC:normal passive, End of cycle
POC:coldstart collision resolution®?, POC:coldstart
consistency check, POC:coldstart join
DEFERRED_HALT POC:wakeup send After  transmissiop of a
complete WUP or detection of

AAi) FETZN [THSP2NY
ot opP-ComS1oTt

a8 The ALLOW_COLDSTART command is processed as described in Figure 31 except when the POC is in the POC:integration
listen state, in which case it is processed by the SDL in Figure 150.

b

In the POC:coldstart collision resolution state a deferred command is either processed at the end of the cycle or after a frame
header or a CAS is received.

© I1SO 2013 - All rights reserved
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Error conditions

General

The POC contains two basic mechanisms for responding to errors. For significant errors, the POC:halt state is
immediately entered. The POC also contains a three-state degradation model for errors that can be endured
for a limited period of time. In this case entry to the POC:halt state is deferred, at least temporarily, to support
possible recovery from a potentially transient condition.

6.2.2.3.2

Errors causing immediate entry to the POC:halt state

There are til\ree general conditions that trigger entry to the POC:halt state:

Produc

Error ¢
CHI;

Fatal e

Product-spd
Similarly, h
command (
specificatio
specificatio

6.2.2.3.3

Integral to
designed tg
a problem,
synchronisa
assessing t

The degrad
POC:halt.

In the POC
allow conti
synchronize
nodes.

In the POQ
degraded
transmissio

t-specific error conditions such as BIST errors and sanity checks;

pnditions detected by the host that result in a FREEZE command being sent té-the POC vial

'ror conditions detected by the FSP process.

cific errors are accommodated by the POC, but not described in~this specification (see 6.
Dst detected error strategies are supported by the POC's ability to respond to a host FRE
bee 6.3.4), but the host-based mechanisms that trigger the command are beyond the scope of
. Only errors detected by the POC or one of the core mechanisms are explicitly detailed in
.

Errors handled by the degradation model

he POC is a three-state error handling mechanism referred to as the degradation model.
react to certain conditions detected by the-clock synchronisation mechanism that are indicatiy
but that may not require immediate ,action due to the inherent fault tolerance of the
tion mechanism. This makes it possibte-to avoid immediate transitions to the POC:halt state w
ne nature and extent of the errors.

ation model is embodied in<three POC states - POC:normal active, POC:normal passive,
normal active state the node is assumed to be either error free, or at least within error bounds

hued "normal operation". Specifically, it is assumed that the node remains adequately t
d to the clusterto allow continued frame transmission without disrupting the transmissions of 0

:normal-passive state, it is assumed that synchronisation with the remainder of the cluster
p the~extent that continued frame transmissions cannot be allowed because collisions

the

B.4).
FZE
this
this

It is
e of
ock
hile

and

that
me-
ther

has
with

ns from other nodes are possible. Frame reception continues in the POC:normal passive st

support of

a
ostfunctionality and in an effort to regain sufficient synchronisation to allow a transition back tc]

e in
the

POC:normal active state.

If errors persist in the POC:normal passive state or if errors are severe enough, the POC can transition to the
POC:halt state. In this state it is assumed that recovery back to the POC:normal active state cannot be

achieved, so

the POC halts the core mechanisms in preparation for reinitializing the node.

The conditions for transitioning between the three states comprising the degradation model are configurable.
Furthermore, transitions between the states are communicated to the host allowing the host to react

appropriate
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ly and to possibly take alternative actions using one of the explicit host commands.
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6.2.2.4 POC status

In order for the host to react to POC state changes, the host shall be informed when POC state changes
occur. This is the responsibility of the CHI. The POC supports the CHI by providing appropriate information to
the CHI.

Definition: T_POCStatus Q)

The basic POC status information is provided to the CHI using the vPOC data structure. vPOC is of
type T_POCStatus.

newtype T POCStatus

struct
State T POCState;
Freeze Boolean;

CHIHaltRequest Boolean;
CHIReadyRequest Boolean;
ColdstartNoise Boolean;

SlotMode T SlotMode;
ErrorMode T ErrorMode;
WakeupStatus T WakeupStatus;
StartupState T StartupState;
endnewtype;
Deflnition: T_POCState (2)

Thel vPOC structure is an aggregation of nine distinct\status variables. vPOC!State is used to indicate
the ptate of the POC and is based on the T_POCState.

newtype T POCState
literals CONFIG, DEFAULT_ €ONFIG, HALT, NORMAL ACTIVE, NORMAL PASSIVE,

READY, STARTUP, WAKEUPs;
endnewtype;

vPQC!Freeze is used to indicaté that the POC has entered the POC:halt state due to an error condition
requiring an immediate halt (See 6.3.4). vPOC!Freeze is Boolean.

vPQC!CHIHaltRequest.is7used to indicate that a request has been received from the CHI to half the
POC at the end of thée-communication cycle (see 6.3.5.1). vPOC!CHIHaltRequest is Boolean.

vPQC!CHIReadyRequest is used to indicate that a request has been received from the CHI to gnter
the POC:ready)state at the end of the communication cycle (see 6.3.5.1). vPOC!CHIReadyRequgst is
Bodlean.

vPQC!ColdstartNoise indicates noisy channel conditions during POC:coldstart listen if the coldstart
attempt of a leading coldstart node was completed successiully (see 11.3). vPOCTIColdstariNoIse is
Boolean.

Definition: T_SlotMode 3)

vPOC!SIotMode is used to indicate what slot mode the POC is in (see 6.3.5.2, 6.3.8.2.3, and
6.3.8.2.4). vPOC!SlotMode is based on the T_SlotMode formal definition.

newtype T SlotMode
literals KEYSLOT, ALL_ PENDING, ALL;
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endnewtype;

Definition:

vPOC!ErrorMode

vPOC!ErrorMode is used to indicate what error mode the POC is in (see subclauses 6.3.8.2.3 and
6.3.8.2.4). vPOC!ErrorMode is based on the T_ErrorMode formal definition.

newtype T ErrorMode

1i

terals ACTIVE, PASSIVE, COMM HALT;

endne

Definition:

vPOC!Wak
(see Figure

newty
14
CQ
endne

The meanir

Definition:

vPOC!Start
vPOC!Start

newty
14
CQ
CQ
IN
endne

The individy

In addition 1
These cou
6.3.8.2.5.

Wtype;

vPOC!WakeupStatus

pbupStatus is used to indicate the outcome of the execution of the WAKEUPR, mechanism
30 and 11.2.3.2). vPOC!WakeupStatus is based on the T_WakeupStatus-formal definition.

pe T WakeupStatus

terals UNDEFINED, RECEIVED HEADER, RECEIVED WUP,
LLISION WUP, COLLISION UNKNOWN, TRANSMITTED;
Wtype;

COLLISION HEADER,

g of the individual T_WakeupStatus values is outlined in~\11.2.3.2.

vPOC!Startup State

ipState is used to indicate the current 'substate of the startup procedure (see 11.3.5).
LipState is based on the T_StartupState,formal definition.

pbe T StartupState

terals UNDEFINED, COLBSTART LISTEN, INTEGRATION COLDSTART CHECK,
LDSTART JOIN, COLDSTART COLLISION RESOLUTION,

LDSTART CONSISTENCY¥_CHECK, INTEGRATION LISTEN, INITIALIZE SCHEDULE,
TEGRATION CONSISTENCY CHECK, COLDSTART GAP, EXTERNAL STARTUP;
Wtype;

al T_StartupState values are the states within the STARTUP mechanism in 11.3.5.

o the vROC data structure, the POC makes two counters available to the host via the CHI.
hters«are vClockCorrectionFailed and vAllowPassiveToActive, and are described in

6.2.2.5

SDL considerations for single channel nodes

(4)

(®)

(6)

FlexRay supports configurations where a node is only attached to one of the two possible FlexRay channels

(see 5.7).

Process instantiation is depicted in Figure 23. The channel specific processes are readily identifiable by the
" A" or" B" text in the process names. The POC only instantiates the channel specific processes related to
channels that are actually attached.

36

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

Process termination signal generation is also depicted in Figure 23. The channel specific signals are
identifiable by the "_A" or "_B" text in the signal names. Termination signals sent to a channel specific process
that is not instantiated will have no effect.

Process moding signals are generated throughout the POC. Figure 22 is an example that includes all of these
moding signals. The channel specific moding signals are identifiable by the "on A" or "on B" text in the signal
names. Moding signals, or any other signals, sent to a channel specific process that is not instantiated will
have no effect.

6.3 The protocol operation control process

6.3. General
Thig subclause contains the formalized specification of the POC process. Figure 21 depicts an overview of the
PO states and how they interrelate16).
/ POC operational
default
config
normal
passive
4 /
Figure 21 — Overview of protocol operation control
6.3. POQC SDL utilities

The nature of the POC is that it performs tasks that often influence all of the core mechanisms simultaneously.
From the perspective of SDL depiction these tasks are visually cumbersome. Macros are used in the POC for
the sole purpose of simplifying the SDL presentation.

In the SDL that follows, there are several instances where the POC transitions to the POC:ready or POC:halt
states. Prior to doing so, the core mechanisms have to be moded appropriately. The two macros in Figure 22
perform these tasks. PROTOCOL_ENGINE_READY modes the core mechanisms appropriately for entry to

16) The states depicted as wakeup and startup are actually procedures containing several states. The depiction is
simplified for the purpose of an overview.
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POC:ready, and PROTOCOL_ENGINE_HALT modes the core mechanisms appropriately for entry to

POC:halt.

38

PROTOCOL_
ENGINE_READY

)

7false—<JKeyS|otOnlyEnabled ?

vPOC!State := READY;
VvPOC!StartupState := UNDEFINED;

vColdstartinhibit := true;
'update vPOC in CHI’;

Figure 2|

>

O

m‘Je reset(tWakeup);
‘ reset(tWakeupNoise);
VvPOC!SlotMode := ALL; vPOC!SlotMode := KEYSLOT; reset(tStartup);
reset(tStartupNoise);

CODEC control on A (READY),
CODEC control on B (READY),
FSP control on A (STANDBY),
FSP control on B (STANDBY);
MAC control on A (STANDBY),
MAC control on B (STANDBY),
CSP control (STANDBY),

EXP sync state (UNSYNC)

PROTOCOL_
ENGINE_HALT

C

)

‘'update vPOC in CHI’;

"update ¥ClockCorrectionFailed in CHI’;
reset(tWakeup);

reset(tWakeupNoise);

teset(tStartup);

reset(tStartupNoise);

O

states [POC]

CODEC control on A (STANDBY),
CODEC control on B (STANDBY),
FSP control on A (STANDBY),
FSP control on B (STANDBY),
MAC control on A (STANDBY),
MAC control on B (STANDBY),
CSP control (STANDBY),

EXP sync state (UNSYNC)

P — Macros to mode the-core mechanisms for transitions to the POC:ready and POC:hal
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The SDL processes associated with the core mechanisms are created simultaneously by the POC. While the
processes shall terminate themselves, the POC is also responsible for simultaneously triggering this in all of
the processes. Figure 23 depicts the macros for performing these two tasks.

( INSTANTIATE_ALL_ > ( TERMINATE_ALL_ )
PROCESSES PROCESSES terminate CODEC_A
terminate CODEC_B,
pChannels ? =B ‘'update vPOC in CHI’; terminate FSP_A,
T ‘ terminate FSP_B,
else termirateAC—As
‘ terminate MAC_B,
CODEC_A, FSP_A, MAC_A terminate CSP,
terminate MTG
pChannels ? =A
\
else
\
CODEC_B, FSP_B, MAC_B

CSP, MTG

Figure 23 — Macros for creating*and terminating processes [POC]

6.3.8 SDL organization

Fromn the perspective of procedural flow, the behaviour of the POC can be loosely decomposgd into four
conlponents to facilitate discussien:

— |behaviours corresponding to host commands that preempt the regular behavioural flow;
— |behaviour that brings the POC to the POC:ready state;
— |behaviour leading from the POC:ready state to the POC:normal active state;

— |behaviour once the POC:normal active state has been reached, i.e., during "normal operation'}

The| remainder of this subclause addresses these four components in succession, explaining the required
behaviour using SDL diagrams.

© 1SO 2013 — All rights reserved 39


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

6.3.4 Preempting commands

There are two commands (FREEZE and IMMEDIATE_READY) that are used to preempt the normal
behavioural flow of the POC. They are depicted in Figure 24. It should be emphasized that these commands
also apply to the behaviour contained in the Wakeup and Startup macros (see Figure 30) that is detailed in
clause 11.

( 2 ) CHI FREEZE command,
T fatal protocol error,

product-specific BIST

or sanity check

vPOC!Freeze = true;

PROTOCOL_ENGINE_

HALT
A
( halt )
* (default config, config, /< ) o= —————_
ready, halt) TT-E time gateway sink behaviour
| (optional) |
CHI IMMEDIATE_ external sync lost
READY command Y
I I
v

<

I

I
POC!CHIReadyRequest := false; ‘ ‘ I
PROTOCOLAENGINE_ PROTOCOL_ENGINE_ |
I

I

I

READY HALT

\

O )

|
|
I
I
POC!CHIHaltRequest := false; I vPOC!State := HALT;
I
I
I
I

Figure 24~ POC preempting immediate commands [POC]

When a serjous error occurs, the POC is notified to halt the operation of the protocol engine. For this purppse,
a freeze mgchanismds\supported. There are three methods for triggering the freeze mechanism:

— ahost FREEZE command relayed to the POC by the CHI,

— afatal protocoterrorsignatted by the FSPProcess;
— a product-specific error detected by a built-in self-test (BIST) or sanity check;
In all three circumstances the POC shall set vPOCI!Freeze to true as an indicator that the event has occurred,

stop the protocol engine by setting all core mechanism to the STANDBY mode, and then transition to the
POC:halt statel?),

17) Values of vPOC!State and vPOC!StartupState are intentionally not altered so that the CHI can indicate to the host
what state the POC was in at the time the freeze occurred.
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At the host's discretion, the ongoing operation of the POC can be interrupted by immediately placing the POC
in the POC:ready state. In response to this command, the POC modes the core mechanisms appropriately
(see 6.3.2), and then transitions to POC:ready.

6.3.

6.3.

5 Deferred commands

5.1 DEFERRED_HALT, DEFERRED_READY and CLEAR_DEFERRED commands

The POC supports two deferred control commands that will postpone action until the end of a cycle or a time
where the command can be processed with minimal disruption to ongoing processes.

The|
thar
be

effe
defd
a ddg
the
cycl
defd
plad

If a
PO(
conj

CHI may relay the DEFERRED_HALT command from the host at any time the POC is in‘a

hllowed to relay the IMMEDIATE_READY command (see Table 4). If no communication is

rred it is necessary to capture indications that the commands have oceurred so that processi
e at the appropriate time. Figure 25 depicts the procedure that captures these commands.

h additional DEFERRED_HALT or DEFERRED_READY command is relayed from the CHI

mand.

state other

POC:halt. The CHI may relay the DEFERRED_READY command from the host at anyime that it would

bngoing the

cts of these commands is immediate. If communication is ongoing the effects.of ithe commands are
rred, in most cases to the processing at the end of the cycle. If the POC is in the,POC:wakeup send state
ferred command is processed after transmission of a complete WUP or detegtion of a wakeup collision. If
POC is in the POC:coldstart collision resolution state a deferred command is_processed at the end of the
P or after a frame header or a CAS is received. In all cases where the processing of the cgmmands is

hg can take

prior to the

C acting on a previous deferred command, the POC will/ohly act upon the most recenily received
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normal active, normal passive,
wakeup send, coldstart collision
resolution, coldstart consistency
check, coldstart join

CHI DEFERRED _
HALT command

CHI DEFERRED _
READY command

vPOC!CHIReadyRequest := true;
vPOC!CHIHaltRequest := false;
‘'update vPOC in CHI’;

( - )

//POC!CHIHaItRequest = true;
vPOC!CHIReadyRequest := false;
‘'updte vPOC in CHI’;

* (halt, normal active, normal
passive, wakeup send, coldstart
collision resolution, coldstart
consistency check, coldstart join)

( >/ wakeup send, eoldstart collision

CHI DEFERRED _
HALT command

CHI DEFERRED _
READY command

* (default config, config,\ready, halt,
normal active, normal passive,

resolution, coldstart consistency
check, coldstart join)

vPOC!State := HALT;
vPOC!CHIHaltRequest:=
false;
vPOC!CHIReadyRequest :=
false;

VROCICHIHaltRequest:=false;
VROC!CHIReadyRequest := false;

PROTOCOL_ENGINE_
HALT

PROTOCOL_ENGINE_
READY

.

( halt )

( ready )

Figure 25 — PQC preempting deferred commands [POC]

The DEFERRED_HALT command shall be captured by setting the vPOC!CHIHaltRequest value to true iff the

command

is not immediately processed. When processed at the end of the current cycle,

the

DEFERRED_ HALT command will cause the POC to enter the POC:halt state. This is the standard method

used by the| host to shut‘down the CC.

The DEFERRED\READY command shall be captured by setting the vPOC!CHIReadyRequest value to trye if

the command-is not immediately processed. When processed at the end of the current cycle, |the
DEFERRE _READ\II \.:\JIIIIIHIJlII‘:)I VV;:: CAUOT thC PCC tU Tl ItCI thC rCClcady atatc

While in the POC:wakeup send state the DEFERRED_HALT command will cause the POC to enter the
POC:halt state after transmission of a complete WUP or detection of a wakeup collision.

While in the POC:wakeup send state the DEFERRED_READY command will cause the POC to enter the
POC:ready state after transmission of a complete WUP or detection of a wakeup collision.

42
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Figure 26 depicts the HANDLE_DEFERRED_CHI_COMMANDS macro which is used in clause 11.

HANDLE_DEFERRED_
CHI_COMMANDS

vPOC!CHIHalt- true—
Request ?
T
false
|
__true vPOC!ICHIReady-
u quupcf 2
T
false
vPOC!State := HALT;
\
PROTOCOL_ENGINE_ PROTOCOL_ENGINE_
READY HALT

= K )

Figure 26 — Macro to handle deferred CHI commands [POC]

NOTE The macro shown in Figure 26 contains transitions to states that are defined outside of the macrq (POC:ready
and [POC:halt). The reader should take care when interpreting this macro in higher level SDL diagrams, a$ the exits to
othey states will not appear in the higher-level diagram.

It is|possible to delete a captured DEFERRED HAET or DEFERRED_READY command as long as the POC
has|not yet reacted on the deferred command.

Thel CLEAR_DEFERRED command ~shall set the vPOC!CHIReadyRequest value | and the
vPQC!CHIHaltRequest value immediately-to false.

NOTE The CLEAR_DEFERRED ‘command is not able to delete a deferred command in all POC states pecause in a
numper of POC states a deferred gommand is executed immediately (see Table 4).

Figdre 27 illustrates the cancelation of deferred commands.

* (default config,
config, ready, halt)

CHI CLEAR_

DEFERRED command vPOCICHIReadyRequest := false;
| VPOC!CHIHaltRequest := false;
‘update vPOC in CHI’;

Figure 27 — Cancelation of deferred commands [POC]
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6.3.5.2 ALL_SLOTS command

The CHI may relay the ALL_SLOTS command from the host at any time while the POC is in the POC:normal
active or POC:normal passive states. Its effect is realized during the processing at the end of the cycle, but it
is necessary to capture an indication that the command has occurred so that appropriate processing will occur
at cycle end. Figure 28 depicts the procedure that captures this command.

The ALL_SLOTS command shall be captured by setting vPOC!SlotMode to ALL_PENDING. The command
shall be ignored if vPOC!SlotMode is not KEYSLOT. When processed at the end of the current cycle, the
ALL_PENDING status causes the POC to enable the transmission of all frames for the node.

normal active,
normal passive

CHIALL_SLOTS
comma‘md

vPOC!Sl|otMode ? else

\
KEYSLOT
|

vPOC!SlotMode :=
ALL_PENDING;
‘'update vPOC in CHI’;

Figure 28 — Capture of the ALL_SLOTS command for end-of-cycle processing [POC]

6.3.6 Reaching the POC:ready state

6.3.6.1  State sequence to reach(the’POC:ready state

The tasks that the POC execufes-in order to reach the POC:ready state serve primarily as an initialisgtion
process for|the POC and the©ere mechanisms. This initialisation process is depicted in Figure 29.
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dcl vPOC T_POCStatus;

dcl vCycleCounter T_CycleCounter;

dcl zSyncCalcResult T_SyncCalcResult;

dcl zStartupX T_SyncFramelDCount;
dcl zRefX Boolean;

dcl vClockCorrectionFailed Integer;

dcl vAllowPassiveToActive Integer;

dcl zChannelldle T_ChannelBoolArray;
dcl vColdstartinhibit Boolean := true;

C DI T

\
CHIDEFAULT_CONFIG

command

TERMINATE_ALE
PROCESSES

- \

A/ vPOC!State := DEFAULT_CONFIG;
VPOC!Freeze~= false;
vPOC!CHIHaltRequest := false;
| vPOC!CHIReadyRequest := false;
; vPOCIColdstartNoise := false;

( default config ) vPOG!SlotMode := KEYSLOT;

[ vPOC!ErrorMode := ACTIVE;

vPOC!WakeupStatus := UNDEFINED;

CHI CONFIG command VPOC!StartupState := UNDEFINED:
\ vClockCorrectionFailed := 0;

vPOCIState := CONFIG; vAllowPassiveToActive := 0;
‘update vPOC in CHIZ 'update vPOC in CHI’;
‘'update vClockCorrectionFailed in CHI’;
Y 'update vAllowPassiveToActive in CHI';
( config )
CHI CON‘FIG_

COMPLETE command

INSTANTIATE_ALL_

PROCESSES
\
———f=9A pChannels ? =B
T
= A&B

|
zChannelldle(A).;= false; zChannelldle(A) := false; zChannelidle(A) := true;
zChannelldle(B) = true; zChannelldle(B) := false; zChannelldle(B) := false;

PROTOCOL_ENGINE_
READY

A

( ready )

Figure 29 — Reaching the POC:ready state [POC]

The POC shall enter the POC:default config state when the CC enters the POC operational state (see 6.1.2).
The POC:default config shall also be entered from the POC:halt state if a DEFAULT _CONFIG command is
received from the CHI. In the latter case, the POC shall signal the core mechanisms to terminate so that they
can be created again as a part of the normal initialisation process.

Prior to entering the POC:default config state the POC shall initialize the elements of the vPOC data structure
that are used to communicate the POC status to the CHI. With the exception of vPOC!SlotMode, the values
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assumed by the vPOC elements are obvious initial values and are depicted in Figure 29. The initial value of
vPOC!SIotMode is defaulted to KEYSLOT until the configuration process is carried out to set it to the value
desired by the host.

In the POC:default config state the POC awaits the explicit command from the host to enable configuration.
The POC shall enter the POC:config state in response to the CONFIG command. Configuration of the CC is
only allowed in the POC:config state and this state can only be entered with an explicit CONFIG command
issued while the POC is in the POC:default config state or the POC:ready state (see 6.3.7).

In the POC:config state the host configures the CC. The host is responsible for verifying this configuration and
only allowing the initialisation to proceed when a proper configuration is verified. For this purpose, an explicit

CONFIG_CIOMPLETE command is required for the POC to progress from the POC:config state.

The POC shall transition to the POC:ready state in response to the CONFIG_COMPLETE command. On|this
transition, the POC shall create all of the core mechanism processes, incorporating the configdaration values
that were s¢t in the POC:config state. It shall then update vPOC to reflect the new state, the mewly configlired
value of slpt mode18) and the initial value of vColdstartinhibit. It shall then commandall of the ¢ore
mechanismp to their appropriate mode (see 6.3.2). The POC then transitions to the POC’ready state.

6.3.6.2  Default configuration requirements

POC:default config is a state that ensures that the CC has a defined, stable’default configuration prigr to
application-gpecific configuration that takes place in the POC:config state:‘Upon entry into the POC:default
config statd the CC shall ensure that all configuration data or control data’described in subclauses 13.31.1,
13.3.1.2.2, 13.3.2.6.2, and 13.3.2.11 are set to defined values as desctibed below.

The default|configuration that results from entry into the POC:default config state shall have the characterjistic
that if a hogt makes no modification to the default configuration* prior to the issuance of a RUN or WAKEUP
command then the operation following the command will have no impact to ongoing communication on| the
cluster. Thg following configurations are required:

— all buffers (including FIFO buffers) shall be configured such that they can neither transmit nor receive;

— no slotfshall be assigned for transmission\or reception;

— the payload data valid flag of all message buffers shall be set to false;

— pKeySlotID and pSecondKeysSlotID shall be set to O;

— pKeySlotUsedForStartup-shall be set to false;

— pTwoKeySlotMode:shall be set to false;

— pWakeppPattern shall be set to O;

— pExterpalSync (if applicable) shall be set to false;

no transmissions of WUDOP's or MTS's are scheduled (see 13.3.1.2.2).

Other than the specific case described below, all other configuration data defined in subclauses 13.3.1.1,
13.3.2.6.2, and 13.3.2.11 shall be set to implementation dependent predefined initialisation values. The
initialisation values for each individual configuration in the default configuration shall be described in the
documentation of the implementation.

18) The value is determined by the node configuration, pKeySlotOnlyEnabled, a Boolean used to indicate whether the
key slot only mode is enabled. This supports an optional strategy to limit frame transmissions following startup to the
key slots until the host confirms that the node is synchronized to the cluster and enables the remaining transmissions
with an ALL_SLOTS command (see 6.3.5.2).
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An exception to the previous requirement is the configuration for pChannels (refer to 13.3.1.1.3). For this
parameter there is no requirement for a transition into the POC:default config state to cause this configuration
parameter to be set to any specific value (it is allowed, but not required).

6.3.7 Reaching the POC:normal active state

6.3.7.1 Host commands before reaching the POC:normal active state

Following the initialisation sequence (see 6.3.6) the CC resides in the POC:ready state (see Figure 30). From
this state the CC is able to perform the necessary tasks to start or join an actively communicating cluster.
The f d from the
CHI

+ho. DOC U that tal 1 2N £ ol HEST TP-C PO I =N £
CaAaArc unmcTT T UL AaLlivlio tat Lalm tant piacvte, Talll Ul vwincit 1o 1mimiatCu vy A oJT UG CUTTITTIcy

These commands are WAKEUP, RUN, and CONFIG.

( ready )

CHI WAKEUP command

‘ CHI RUN command

‘ CHI CONFIG command

vPOC!CHIReadyRequest :=
false;
vPOC!CHIHaltRequest:=false;
vPOC!WakeupStatus :=
UNDEFINED;

pWakeupPattern ?

<2

T
else
|
vPOC!State := WAKEUP;
‘update vPOC in CHI’;

‘update vPOC in CHI’; ‘

\
‘ ‘ WAKEUP ‘

PROTOCOL_ENGINE_
REABRY!

A

(Ot )

vPOC!CHIReadyRequest :=
false;
vPOC!CHIHaltRequest:=false;
vPOCI!ErrorMode := ACTIVE;
vPOC!State := STARTUP;
vPOC!ColdstartNoise :=false;
‘'update vPOC in CHI

VPOC!CHIReadyRequest :=
falSe;
VPOC!CHIHaltRequest:=false;
vPOC!State := CONFIG;

\
TERMINATE_ALL_
PROCESSES

GODEC control on A (NORMAL),
CODEC control on B (NORMAL)

‘ ‘ STARTUP

FSP control on A (GO),
FSP control on B (GO)

v
e )

CODEC control on A (NORMAL
CODEC control on B (NORMAL

pKeySlotUsed-
ForSync ? false
T
true
|
CSP control (SYNC) ‘ CSP control (NOSYNC
l< \
\
vPOC!SlotMode ? KEYSLOT

T
else
|
MAC control on A (ALL),
MAC control on B (ALL)

<

‘

vClockCorrectionFailed := 0;
vPOC!State := NORMAL_ACTIVE;
vPOC!StartupState := UNDEFINED;
‘update vPOC in CHI’;

‘update vClockCorrectionFailed in CHI’;

MAC control on A (KEYSLOTONLU
MAC control on B (KEYSLOTONU

- =

EXP sync state
(ACTIVE)

( normal active )

Figure 30 — POC behaviour in preparation for normal operation [POC]

The CONFIG command shall cause the host to re-enter the POC:config state to allow the host to alter the
current CC configuration. Since the core mechanism processes are created on the transition back to
POC:ready following the configuration process, the processes shall be terminated on the transition to
POC:config. This is accomplished in the SDL with the TERMINATE_ALL_PROCESSES macro (see 6.3.2),
which signals the individual processes so that they can terminate themselves.
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The WAKEUP command shall cause the POC to commence the wakeup procedure in accordance with the
configuration loaded into the CC when it was previously configured. This procedure is described in detail in
11.2, and is represented in Figure 30 by the WAKEUP macro invocation. On completion of the wakeup
procedure, the POC shall mode all the core mechanisms appropriately for POC:ready (see 6.3.2) and return
to the POC:ready state.

The RUN command shall cause the POC to commence a sequence of tasks to bring the POC to normal
operation, i.e. the POC:normal active state. First, all internal status variables are reset to their starting
values19). Then the startup procedure is executed. In Figure 30 this is represented by the STARTUP macro
invocation. This procedure is described in detail in 11.3. This procedure modes the core mechanisms
appropriately to perform the sequence of tasks necessary for the node to start or enter an actively
communicating cluster.

The startup) procedure results in the node being synchronized to the timing of the cluster. At the'end of| the
communication cycle, the POC shall mode the core mechanisms depending on the values of vVROC!SlotMode
and the configuration pKeySlotUsedForSync as depicted in Figure 30:

— the FSP mechanism shall be moded to GO for both channels;

— if the hode is a sync node (pKeySlotUsedForSync is true) CSP shall be-moded to SYNC mgde.
Otherwlise, CSP shall be moded to NOSYNC;

— if the node is currently in key slot only mode (vPOC!SlotMode is KEY.SLOT), then the POC shall mode
the MAC to KEYSLOTONLY mode on both channels. If the node«s ot currently in key slot only mode
(vPOC]|SlotMode is ALL), then the POC shall mode the MAC to ALL mode on both channels.

The POC shall then enter the POC:normal active state.

6.3.7.2 Wakeup and startup support

As indicateql above, the Wakeup and Startup procedures are performed in logical extensions of the POC |that
are embodied in the WAKEUP and STARTUP macros. The POC behaviour captured in those macrds is
documented in clause 11 and is largely self-cantained. However, there are two exceptions and they|are
depicted in Figure 31.

19) This is necessary because the POC:ready state may have been entered due to a DEFERRED_READY or
IMMEDIATE_READY command from the CHI that caused the POC to enter POC:ready from a state where the status
variables had already been altered (see 6.3.3).
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(default config, config, integration
listen, halt, wakeup listen,
wakeup send, wakeup detect)

CHIALLOW _
COLDSTART command

vColdstartInhibit := false;

-
=%

2:2013(E)

% (default config, config, wakeup

listen, coldstart listen, halt)

CHIRP on A idle end on A CHIRP on B idle end g

nB

N

Channelldle(A) := true; zChannelldle(A) := false; zChannelldle(B) := true; zChannelldle

B) := false;

The|
as 4
lead
the
ALL
nor

The|
are
In &
give
chal

The

Y A J

Figure 31 — Conditions detected in support ofithe wakeup and startup procedures [P

behaviour of the POC during startup is influenced by whether the node is currently inhibited
| leading coldstart node in the startup ‘process (see 11.3.4). A restriction on the node's ability}
ing coldstart node is reflected in the:Boolean variable vColdstartinhibit. While this value is ag
startup procedure, the CHI alseallows the host to change the variable to false by
OW_COLDSTART command while in the POC:ready state and any of the states that are par
hal active, or normal passive:

ssued such that VEoldstartInhibit has the desired value when the RUN command is issued29).
similar manner, both the wakeup and startup procedures shall be able to determine wheth
n channel’is idle. Again, this knowledge is acted upon in the wakeup and startup procedure
nge at any point in time once the POC:ready state is reached. Hence it is relevant in the curren

Channel idle status is captured using the mechanism depicted in Figure 31 and is st

oC]

from acting
to act as a
ted upon in
issuing the
t of startup,

POC sets the value of-the vColdstartinhibit variable to true on all transitions into the POC:ready state. A
system designer shall bé-aware of this behaviour, and shall ensure that the ALLOW_COLDSTART]

commands

er or not a
5, but it can
context.

bred in the

app

opriate_eterment of —the zCtanmettdte —armay—The POCstatt—Thange the vatue of the

appropriate

zChannelldle array element to false whenever a communication element start is signalled for the

corr

esponding channel by the BITSTRB processes (see 7.4.2).

Similarly, the POC shall change the value of the appropriate zChannelldle array element to true whenever a
channel idle recognition point (CHIRP) is signalled for the corresponding channel by the BITSTRB processes
(see 7.4.2).

20) For example, if a WAKEUP command is issued after the host has already issued the ALLOW_COLDSTART
command the vColdstartinhibit variable will be set to true at the completion of the wakeup attempt. A similar situation

would occur if the host issues a CONFIG command after an ALLOW_COLDSTART command.
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The zChannelldle array is of type T_ChannelBoolArray.

Definition:

T_ChannelBoolArray

newtype T ChannelBoolArray

Ar

ray (T _Channel,Boolean);

endnewtype;

The index to the array is the channel identifier, which is of type T_Channel.

()

Definition:
newty

14
endne

6.3.8 Beh

6.3.8.1 (

Other than
POC behav

The ca

The cy

6.3.8.2 (

6.3.8.2.1

When the
appropriate
influences,

issuing a command that causes-a transition to the POC:halt or POC:ready state either immediately or at

cycle boung

While in th

T_Channel

pe T Channel

terals A, B;

Wtype;

aviour during normal operation
beneral

he commands that preempt regular behavioural flow (see 6:3.4), there are two components of
our once normal operation has begun.

bture of deferred host commands that the CHI relays'to the POC for later processing (see 6.3.5

Clical processing of error status information and deferred host commands at the end of each cy
Lyclic behaviour

Recurring Tasks
POC:normal active state-is/reached, the protocol's core mechanisms are set to the md
he POC will remaingnithe POC:normal active state until the host initiates the shutdown proces
ary.

b POC:normal active state, the POC performs several tasks at the end of each communics

cycle to de

core mechanisms»These changes result in appropriate moding commands to the core mechanisms.
remainder ¢f this subclause describes the cyclical POC processing that evaluates whether there is a nee

ermine_if.it'is necessary to change its own operating mode or the operating modes of any of

(8)

the

Cle.

des

for performing the communication tasks for which the CC is intended. In the absence of atypical

5 by
the

tion
the

The

(li for

these mod rhangpcandthprnndhw)ranpqnpnrpc
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Cycle counter

2:2013(E)

The moding decisions made by the POC at the end of each cycle depend on whether the current cycle
number is even or odd. At the start of each cycle, the clock synchronisation mechanism signals the current
cycle number to the POC with the cycle start signal so that the POC can make this determination. The POC

shal

| acquire the current cycle count as depicted in Figure 32.

< * (external startup) >

6.3.

Foll
Figu
dete
nex
calc

Thig

]
cycle start
(vCycleCounter)

A

Figure 32 — POC determination of the cycle countervalue [POC]

B.2.3 POC:normal active state

bwing a successful startup the POC will reside in the POE:normal active state (see 6.3.7). As
re 33 the POC performs a sequence of tasks at the end of each communication cycle for the
rmining whether the POC should change the moding-of the core mechanisms before the begi
communication cycle. The CSP process (see Figure 157) signals the completion of the cloc
ulation to the POC using the SyncCalcResult sighal.

signal results in the following.

If vPOCI!SlotMode is ALL_PENDING; the POC shall change its value to ALL and enabl
transmissions by moding MAC. to“ALL for both channels. This completes the POC's rea
ALL_SLOTS command received asynchronously during the preceding cycle (see 6.3.5.2).

The POC then performstajsequence of error checking tasks whose outcome determines the
behaviour. This task segquence is represented by the invocation of the NORMAL_ERROR_CH
in Figure 33. The details of this task sequence are described in 6.3.8.2.5.2. As a result the PQ
one of the following states.

If the{wvPOC!ErrorMode is ACTIVE and the CHI did not relay a DEFERRED_H
DEFERRED_READY command to the POC in the preceding communication cycle (see
RPOC shall remain in the POC:normal active state.

depicted in
purpose of
hning of the
K correction

e all frame
ction to the

subsequent
ECK macro
C will be in

HALT or a
5.3.5.1), the

If the vPOCI!ErrorMode is PASSIVE and the CHI did not relay a DEFERRED |

HALT or a

DEFERRED_READY command to the POC in the preceding communication cycle (see 6.3.5.1), the
POC shall mode the MAC and CSP to halt frame transmission and transition to the POC:normal

passive state.
If vPOC!ErrorMode is COMM_HALT the POC shall halt the execution of the core mec
moding them to STANDBY and transition to the POC:halt state.

cycle (see 6.3.5.1), the POC shall stop the execution of the core mechanisms by mod
STANDBY and transition to the POC:halt state.
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— If the CHI did relay a DEFERRED_READY command to the POC in the preceding communication

cycle (see 6.3.5.1), the POC shall stop the execution of the core mechanisms by moding them to
STANDBY and transition to the POC:ready state.

Y
( normal active )
| SyncCalcResult(zSyncCalcResult,
! zStartupX, zRefX)
\
vPOC!SlotMode ? ALL_PENDING“
T
else vPOCI!SlotMode := ALL;
\
MAC control on A (ALL),
MAC controlon’B (ALL)
- \
s \ NORMAL_ \ 5
ACTIVE | ‘ ERROR_CHECK | PASSIVE,
r HALTJ L READY
'update|vPOC in CHI’; vPOCIState := HALT;
'updpte vClock- | |
CorrectignFailed in CHI; PROTOCOL_ENGINE_ PROTOCOL " ENGINE_
\ HALT READY
EXP sync state
(ACTIVE)
\

( halt ) ( ready ) ( normal passive )

VAllowPassiveToActive :=0;
vROC!State := NORMAL_PASSIVE;
‘update vAllowPassiveToActive in CHI’;
‘update vPOC in CHI’;

‘'update vClockCorrectionFailed in CHI’;

MAC control on A (NOCE),
MAC control on B (NOCE),
CSP control (NOSYNC),

EXP sync state (PASSIVE)

Figure-33 — Cyclical behaviour in the POC:normal active state [POC]21)

6.3.8.2.4 |POC:normal passive state

The POC's behaviour in the POC:normal passive state is analogous its behaviour in the POC:normal active
state (see 6.3.8.2.3). As depicted in Figure 34 the POC performs a sequence of tasks at the end of each
communication cycle for the purpose of determining whether the POC should change the moding of the core
mechanisms before the beginning of the next communication cycle. The CSP process (see Figure 157)
signals the completion of the clock correction calculation to the POC using the SyncCalcResult signal.

This signal results in the following.

21) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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If vPOCI!SlotMode is ALL_PENDING, the POC shall change its value to ALL and enable all frame
transmissions by moding Media Access Control process to ALL for both channels. This completes the
POC's reaction to the ALL_SLOTS command received asynchronously during the preceding cycle (see
6.3.5.2).

The POC then performs a sequence of error checking tasks whose outcome determines the subsequent
behaviour. This task sequence is represented by the invocation of the PASSIVE_ERROR_CHECK macro
in Figure 34. The details of this task sequence are described in 6.3.8.2.5.3. As a result the POC will be in
one of the following states.

If _the vPOCIErrorMode is ACTIVE and the CHI did not relay a DEFERRED _HALT or a

DEFERRED_READY command to the POC in the preceding communication cycle (see
POC shall mode the MAC and CSP mechanisms to support resumption of frame transnii
on whether the node is a sync node (pKeySlotUsedForSync is true) and whether

currently in key slot only mode, and then transition to the POC:normal active state,

.3.5.1), the
sion based
he node is

If the vPOC!ErrorMode is PASSIVE and the CHI did not relay a\DEFERRED_HALT or a
DEFERRED_READY command to the POC in the preceding communijcation cycle (see 6.3.5.1), the

POC shall remain in to the POC:normal passive state.

If vPOC!ErrorMode is COMM_HALT the POC shall stop the execution of the core meg
moding them to STANDBY and transition to the POC:halt state.

hanisms by

If the CHI did relay a DEFERRED_HALT command 40 the POC in the preceding communication

cycle (see 6.3.5.1), the POC shall stop the execution, of the core mechanisms by mod
STANDBY and transition to the POC:halt state.

ng them to

If the CHI did relay a DEFERRED_READY .cemmand to the POC in the preceding compmunication

cycle (see 6.3.5.1), the POC shall stop the'execution of the core mechanisms by mod
STANDBY and transition to the POC:ready state.

ng them to
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/

normal passive

vPOC!SlotMode ?

I
else

SyncCalcResult(zSyncCalcResult,
zStartupX, zRefX)

ALL_PENDING
- ]

vPOC!SlotMode := ALL;
PASSIVE_ N
——PASSIVE—— ERROR_CHECK ACTIVE
HALT READY

‘'update vPOC in CHI’;

vPOC!State := HALT;

‘update vClock-

EXP sync state
(ACTWE)

CorrectionFailed in CHI’;

\
PROTOCOL_ENGINE_

PROTOCOL_ENGINE 7

\ HALT READY
EXP sync state
(PASSIVE) \J \J
( halt ( realdy )
vPOC!State := NORMAL_ACTIVE;
'update vPOC in CHI’; \
'update vdlockCorrectionFailed in CHI’;
\
_ pKeySlotUsed- -
ffalsc ForSync ? true
CSP control (NOSYNC) CSP control (SYNC)
\

KEYSLOT-

vPOCI!SIotMode ?

WC coptrol on A (KEYSLOTONLY),

MAC control on B (KEYSLOTONLY) (

else—

MAC control on A (ALL),
MAC control on B (ALL)

B

A

normal active

Figure’34 — Cyclical behaviour in the POC:normal passive state [POC]22)

6.3.8.2.5 Error checking during normal operation

6.3.8.2.5.1 Error checking overview

During normal operation (POC is in the POC:normal active or POC:normal passive state) error checking is
performed by two similarly structured procedures described by the NORMAL_ERROR_CHECK (see
Figure 35) and PASSIVE_ERROR_CHECK (see Figure 36) macros. In both cases, the macro determines a

22) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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new value of vPOC!ErrorMode which, in turn, determines the subsequent cycle-end behaviour (see
subclauses 6.3.8.2.3 and 6.3.8.2.4).

At the end of each communication cycle CSP communicates the error consequences of the clock
synchronisation mechanism's rate and offset calculations. In the SDL this is accomplished with the
SyncCalcResult signal whose first argument, zSyncCalcResult, assumes one of three values:

WITHIN_BOUNDS indicates that the calculations resulted in no errors;

MISSING_TERM indicates that either the rate or offset correction could not be calculated;

— |EXCEEDS_BOUNDS indicates that either the rate or offset correction term calculated was-fleemed too
large when compared to the calibrated limits.

The|consequences of the EXCEEDS_BOUNDS value are processed in every cycle. The other twq results are
only processed at the end of odd cycles.

Thel error checking behaviour is detailed in subclauses 6.3.8.2.5.2 and 6.3.8.2.5.3. A number of cpnfiguration
altefnatives and the need to verify cycle timing before resuming communication influence the dgtailed error
chegking behaviour. However, the basic concept can be grasped by consideririg the behaviour in the absence
of these considerations. In the absence of these influences, the processing path is determined by the value of
zSyphcCalcResult as follows.

— |In all cycles (even or odd), zSyncCalcResult = EXCEEDS_BOUNDS causes the POC to trangition to the

POC:halt state.

— |In odd cycles, zSyncCalcResult = WITHIN_BOUNDS causes the POC to stay in, or transjtion to, the

POC:normal active state.

— |In odd cycles, if zZSyncCalcResult = MISSING TERM.

— The POC will transition to the POC:halt state if the MISSING_TERM value has persisted for at least
gMaxWithoutClockCorrectionFatalodd cycles.

— The POC will transition toy(or remain in) the POC:normal passive state if the MISSING_TERM value
has persisted for at least gMaxWithoutClockCorrectionPassive, but less than gMaxWithoutClock-
CorrectionFatal odd(cycles.

— Otherwise the PAC stays in the POC:normal active state.

6.3.8.2.5.2 Error checking details for the POC:normal active state

ThelzSyncCalcResult value obtained from CSP is used to determine the new vPOC!ErrorMode as| depicted in
Figyre 35.

— [IFZSyncCalcResult is WITHIN BOUNDS, the vPOC!ErrorMode remains ACTIVE.

If zSyncCalcResult is EXCEEDS_BOUNDS.
(pAllowHaltDueToClock is true), then the vPOC!ErrorMode is set to COMM_HALT.
errors (pAllowHaltDueToClock is false), then the vPOC!ErrorMode is set to PASSIVE.

If zSyncCalcResult is MISSING_TERM and the cycle is even, the condition
vPOC!ErrorMode remains ACTIVE.

© I1SO 2013 - All rights reserved
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— If zZSyncCalcResult is MISSING_TERM and the cycle is odd the behaviour is determined by how many
consecutive odd cycles (vClockCorrectionFailed) have yielded MISSING_TERM.

— If vClockCorrectionFailed < gMaxWithoutClockCorrectionPassive, then the vPOC!ErrorMode remains
ACTIVE.

— If gMaxWithoutClockCorrectionPassive <= vClockCorrectionFailed <
gMaxWithoutClockCorrectionFatal, then the vPOC!ErrorMode is set to PASSIVE.

— If vClockCorrectionFailed >= gMaxWithoutClockCorrectionFatal and

—1| The node is configured to allow communication to be halted due to severe clock calculgtion
errors (pAllowHaltDueToClock is true), then the vPOC!ErrorMode is set to COMM_HALT.,

—| The node is configured not to allow communication to be halted due to severe clock calculdtion
errors (pAllowHaltDueToClock is false), then the vPOC!ErrorMode is set to PASSIVE.

< NORMAL_ERROR_ )

CHECK
EXCEEDS_BOUNDS zSyncCalcResult ? WITHIN_BOUNDS*‘
\
MISSING_TERM vCycleCounter ? even
\
I
vCycleCounter ? even odd
\
‘ vClockCorrectionFailed :=
odd 0:
| )
vClockCorrectionFailed :=
vClockCorrectionFailed + 1; > <
else vClockCorrection-
———— K
Failed ?
I
< gMaxWithoutCleck-
CorrectionFatal
|
vClockCofrection- ca
Failed ? else >
>=gM ith lock ion-
pAToWHaIE e gMaxWitl ;:;g:l \?;: Correction
DueToClock ?
\
true \—b
|
vPOC!ErrorMode = vPOC!ErrorMode :=
COMM_HALT; PASSIVE;
\
true vPOC!CHIHalt- vPOC!CHIHalt-
-
Request ? Request ?
\ \
false false true
| |
vPOC!CHIReady- frue——true vPOC!CHIReady-
Request ? Request ?
< \ \
false false
l l
HALT PASSIVE READY ACTIVE

Figure 35 — Error checking in the POC:normal active state [POC]
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6.3.8.2.5.3 Error checking details for the POC:normal passive state

The zSyncCalcResult value obtained from CSP is used to determine the new vPOC!ErrorMode as depicted in
Figure 36.

— If zSyncCalcResult is WITHIN_BOUNDS and it is an even cycle the condition is ignored and
vPOCI!ErrorMode remains PASSIVE.

— If zSyncCalcResult is WITHIN_BOUNDS and it is an odd cycle.

— If the node is configured to disallow the resumption of transmissions following the entry to
POC:normal passive (pAllowPassiveToActive is zero) vPOC!ErrorMode remains PASSIVE

— If the node is configured to allow the resumption of transmissions following the entry to POC:normal
passive (pAllowPassiveToActive is hon-zero) the behaviour is determined by how‘many gonsecutive
odd cycles have yielded WITHIN_BOUNDS.

— If less than pAllowPassiveToActive consecutive odd cycles have yielded WITHIN_ BOUNDS,
then the vPOC!ErrorMode remains PASSIVE.

— If at least pAllowPassiveToActive consecutive odd cycles*have yielded WITHIN_BQUNDS, the
vPOCI!ErrorMode depends on the number (zStartupX) of’startup frame pairs obsgrved in the
preceding double cycle.

— If the node has seen more than one startup frame pair (zStartupX > 1) then the
vPOC!ErrorMode is set to ACTIVE.

— If the node has seen only one startup frame pair (zStartupX = 1) and if thg node is a
coldstart node (pKeySlotUsedRorStartup = true) then the vPOC!ErrorModg is set to
ACTIVE.

— If neither of the preceding two conditions is met then the vPOC!ErrorMofle remains
PASSIVE.

— |If zZSyncCalcResult is EXCEEDS "‘BOUNDS:

— If the node is configured to allow communication to be halted due to severe clock calculation errors
(pAllowHaltDueToClock is true), then the vPOC!ErrorMode is set to COMM_HALT.

— If the node.{s)configured not to allow communication to be halted due to severe clock| calculation
errors (pAllowHaltDueToClock is false), then the vPOC!ErrorMode remains PASSIVE.

— |If zSyngCalcResult is MISSING_TERM and the cycle is even, the condition is ignored and
vPOCIErrorMode remains PASSIVE.

— |IFZSyncCalcResult is MISSING_TERM and the cycle is odd, then the behaviour is determiped by how
many consecutive odd cycles have yielded MISSING_TERM.

— If at least gMaxWithoutClockCorrectionFatal consecutive odd cycles have yielded MISSING_TERM,
and

— The node is configured to allow communication to be halted due to severe clock calculation
errors (pAllowHaltDueToClock is true), then the vPOC!ErrorMode is set to COMM_HALT.

— The node is configured not to allow communication to be halted due to severe clock calculation
errors (pAllowHaltDueToClock is false), then the vPOC!ErrorMode remains PASSIVE.
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then the vPOC!ErrorMode remains PASSIVE.

—EXCEEDS_BOUNDS

( PASSIVE_ERROR_ )

CHECK

zSyncCalcResult ?

WITHIN_BOUNDS———

If less than gMaxWithoutClockCorrectionFatal consecutive odd cycles have yielded MISSING_TERM

1
MISSING_TERM
|
vCycleCounter ? even———even vCycleCounter ?
T T
odd odd
| |
vClockCorrection- vClockCorrectionFailed :=
4——else -
Failed ? 0;
‘ \
< gMaxWithoutClock- -
) _ pAllowPassive-
CorrecthnFataI -1 ¢ =0 ToActive 2
vClockCorrectionFailed := el‘se
vClockCorrectionFailed + 1; ‘
pAllowHalt- fal vAllowPassive-
—P )
DyeToClock ? alse ToAetive ?
I R B —
true vAIIowPassgfeToActlve = oo = pAllowPassive
; ToActive - 1
< \/ VAllowPassiveToActive :=
vAllowPassiveToActive + 1;
‘update vAllow-
PassiveToActive in CHI’;
—==—=0 zStartupX ? >14
T
=1
|
pKeySlotUsed-
€
false—< ForStartup ?
true
vPOQ!ErrorMode := vPOC!ErrorMode :=
CQMM_HALT,; ACTIVE;
true vPOC!CHIHalt- vPOC!CHIHalt-
1
Request ? Request ?
T T
false false true
| |
vPOC!CHIReady- VvPOC!CHIReady-
tru true
< Requ‘est ? Requ‘est ?
false false
HALT PASSIVE READY ACTIVE

Figure 36 — Error checking in the POC:normal passive state [POC]23)

23) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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7.1

ISO 17458-

Coding and Decoding

Principles

2:2013(E)

This subclause describes the coding and decoding behaviour of the TxD, RxD, and TxXEN interface signals
between the communication controller and the bus driver.

A node may support up to two independent physical layer channels, identified as channel A and channel B.
Refer to 5.8.4 for additional information on the interface between the CC and the BD. The description in this
subclause assumes a physical layer that appears to the protocol engine as a binary medium with two distinct

leve
eler

An
that

The)
pas

7.2

In o
prog
spe
prod
thod

The|
the

The

instantiated, the CODEC process is responsible for creating and terminating the subprocesses.

resy
not
sha

The

nent (CE).

bde shall use a non-return to zero (NRZ) signalling method for coding and decoding,of & CE.
the generated bit level is either LOW or HIGH during the entire bit time gdBit.

node processes bit streams present on the physical media, extracts frame.and symbol infor
Ges this information to the relevant FlexRay processes.

Description
rder to support two channels each node shall implement two-S€ts of independent coding ar
esses, one for channel A and another for channel B. The‘subsequent paragraphs of this
Cify the function of the coding and decoding for channel A:lt is assumed that whenever a charf
ess is defined for channel A there is another, essentiallyyidentical, process defined for chan
gh this process is not explicitly described in the specification.

description of the coding and decoding behaviour is contained in three processes. These pr(
Main coding and decoding process (CODEC) and the following two sub-processes:

Bit strobing process (BITSTRB);

Wakeup pattern decoding process (WUPDEC).

POC is responsible for creating the CODEC process before entering the POC:ready {
onsible for sending a signal that causes a termination of the CODEC process. If the CODE(
pxecuting (i.e., if it has_not yet been instantiated or if it has been terminated) the TXEN and

| be HIGH?25).

relationshipsibetween the coding / decoding and the other core mechanisms are depicted in F

tscattet G Ham oW A bit strearmgenerated—fromthese—twotevetss—catted—acommunication

This means

mation, and

d decoding

subclause
nel-specific
hel B, even

cesses are

tate. Once

The POC is

process is
XD outputs

gure 3726),

24)

Detailed bus state definitions may be found in ISO 17458-4.

25) When a dual channel device is configured to operate in a single channel mode, the TXEN and TxD outputs shall be
driven high on the unused channel. This requirement applies whenever the "logical" TXEN and TxD outputs are
connected to physical pins. It is possible, for example, that an implementation allows more than one function to be

26)

combined on a physical pin. In such implementations, this specification places no requirements on the
those pins when they are not configured to be outputs of the FlexRay protocol.

behaviour of

The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines

are relevant to the protocol, but not to this clause.
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to / from host

:

. controller
E host interface |
A
| A
B - protocol
operation
" :E control i: —
i A i
\j
macrotick clock
L -«—|—» synchronization
generation .
processing
clock TT ﬁ
synchronization clock
startup | synchronization
channel B | startup channel A
W% % A W V
media access || | frame and symbol
control P processing
channel A media frame and 7 channel A
access symbol I
A control processing A
channel B channel B
coding / decoding []
L processes
channel A
\
coding / decoding T
| processes
to channel interface channel B from channel interface
Figure 37 — Coding / Decoding context
7.2.1 Frame and symbol encoding
7211 General
ThIS SUbCI o cnnoifine tha hahavannr Af tha machanicne icad by tha nada tn AanecadA tha nnmm..nin—tion

SC T OP e e C ot Ot TV 1Ot O tHC T T T o o O oC U 1I0 Y tric Mot T to— CThCoOU T tC— oo iico

elements into a bit stream and how the transmitting node represents this bit stream to the bus driver for
communication onto the physical media.

7.2.1.2  Frame encoding

7.2.1.2.1 Transmission start sequence
The transmission start sequence (TSS) is used to initiate proper connection setup through the network. A

transmitting node generates a TSS that consists of a continuous LOW for a period given by the parameter
gdTSSTransmitter.
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The purpose of the TSS is to mark the beginning of a transmission and to set up the path between the
transmitter and receiver. This includes setting up the input and output connections of an active star as well as
allowing the receiving bus driver the time necessary to realize that the bus is no longer idle. Further, the active
low portion of the TSS allows a transmitting BD to actually begin transmission (since the BD will not actually
begin transmitting after TXEN is activated until TxD is commanding an active low). During this set up, active
stars and bus drivers truncate a number of bits at the beginning of a communication element. The TSS

prevents the content of the frame or symbol27) from being truncated.

7.2.1.2.2

The,

Frame start sequence

frame start sequence (I:QQ) is used.to compensate for a Innccihlr:- nlrmnti7atinn errorin the fir

st byte start
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7.2.
The|
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lence after the TSS. The FSS shall consist of one HIGH gdBit time. The node shall appendrary
tream immediately following the TSS of a transmitted frame.

1.2.3 Byte start sequence

byte start sequence (BSS) is used to provide bit stream timing information to the receiving d
shall consist of one HIGH gdBit time followed by one LOW gdBit time. Each byte of frame d
on the channel as an extended byte sequence that consists of one BSS(followed by eight datd

1.2.4 Frame end sequence

frame end sequence (FES) is used to mark the end of the last byte sequence of a frame. Th
bist of one LOW gdBit time followed by one HIGH gdBit time. The node shall append an FE
bm immediately after the last extended byte sequence of.the frame.

frames transmitted in the static segment the secend bit of the FES is the last bit in the tra
Aam. As a result, the transmitting node shall set the\TXEN signal to HIGH at the end of the seco

frames transmitted in the dynamic segment the FES is followed by the dynamic trailing seq
w).

1.2.5 Dynamic trailing sequence

dynamic trailing sequence\(DTS), which is only used for frames transmitted in the dynamic
i to indicate the exact-point in time of the transmitter's minislot action point28) and prevents

nel idle detection29-by‘the receivers. When transmitting a frame in the dynamic segment the
smit a DTS immegdiately after the FES of the frame.

DTS consists/of two parts - a variable-length period with the TxD output at the LOW level, fo
i-length period with the TxD output at the HIGH level. The minimum length of the LOW pd

FSS to the

evices. The
ata shall be
bits.

e FES shall
S to the bit

nsmitted bit
hd bit of the

uence (see

segment, is
premature
node shall

llowed by a
riod is one
hislot action

gdBijt. After_this'minimum length the node leaves the TxD output at the LOW level until the next mi
t. At the' next minislot action point the node shall switch the TxD output to the HIGH level, a
| switch the TxEN output to the HIGH level after a delay of 1 gdBit after the minislot action p

poir]
sha

durati

d the node
0int39). The

LOW and 1 gdBlt HIGH) and ng|n|sIot + 2 gdB|t (if the DTS starts shghtly Iater than one gdBlt before a
minislot action point).

27)

28)
29)
30)

A TSS is not used before transmission of a WUS or WUDOP because those symbols begin with a sufficiently long

active low phase to achieve these goals.

See also clause 13.

See also 7.2.5.

This ensures that there is a period of one gdBit during which the TxD output is at the HIGH level prior to
of TXEN output to the HIGH level. This is required for the stability of certain types of physical layers.
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NOTE The processes defining the behaviour of the CODEC do not have any direct knowledge of the minislot action
point - those processes are informed of the appropriate time to end the generation of the DTS by the signal stop
transmission on A sent by the MAC process.

7.2.1.2.6  Frame bit stream assembly

In order to transmit a frame the node assembles a bit stream out of the frame data using the elements
described above. The behaviour, which is described by the CODEC process (see Figure 55) consists of the
following steps:

a) Break the frame data down into individual bytes.

b) Prepend a TSS at the start of the bit stream.
¢) Addan FSS at the end of the TSS.
d) Create|extended byte sequences for each frame data byte by adding a BSS before the\bits of the byte.

e) Assemple a continuous bit stream for the frame data by concatenating the extended byte sequencds in
the same order as the frame data bytes.

f)  Calculgte the bytes of the frame CRC, create extended byte sequences, for’these bytes, and concatenate
them tq form a bit stream for the frame CRC.

g) Append an FES at the end of the bit stream.
h) Append a DTS after the FES (if the frame is to be transmittedzin the dynamic segment).

Steps a) - f) of the list above are performed by the prepbitstream function used by the CODEC process (see
Figure 55).

Figure 38 shows the bit stream of a frame transmitted-in the static segment and related events relevant tg the
CODEC prqcess:

MAC
FSP FSP FSP
CODE(Q a b ¢
FSS BSS BSS BSS FES
i — - o e Pl
Hgh |} <Ny 00 ‘
IR
Low L — e |
<« > 4P > ———
TSS 1s£ byte sequence R last byte sequence
High | \ 1 1*gdBit —» -
TXEN MSB LSB
Low

Key

a Input signal transmit frame on A (VCEType, VTF) received from the MAC process (see Figure 99) and output signal
decoding halted on A sent to the FSP process (see Figure 119, Figure 120, and Figure 127).

b Output signal frame transmitted on A sent to the FSP process (see Figure 119).
c Output signal decoding started on A sent to the FSP process (see Figure 119).

Figure 38 — Frame encoding in the static segment
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Figure 39 shows the bit stream of a frame transmitted in the dynamic segment and related events relevant to
the CODEC process:

MAC
FSP FSP MAC MAC FSP
CODEC a b c i e
FSS BSS BSS BSS FES~, DTS
High —> <> > <> <o
T i
Low L L _
4P 44— > =P
TSS 1st byte sequence last byte sequence

High_ f f 1*gdBit—m{ w—
TxEN MSB LSB
Low

Key

a Input signal transmit frame on A (VCEType, VTF) received from.the MAC process (see Figure 104) and [output signal
decoding halted on A sent to the FSP process (see Figure 119,Figure 120, and Figure 127).

Output signal frame transmitted on A sent to the FSP process (see Figure 128).
Output signal DTS start on A sent to the MAC process (see Figure 104).

Input signal stop transmission on A received from the®MAC process (see Figure 104).
Output signal decoding started on A sent to the FSP-process (see Figure 128).

O QO O T

Figure 39 — Frame encoding in the dynamic segment
7.2.1l.3 Symbol encoding

7.2]1.3.1 General

Thel FlexRay communication ‘protocol defines four symbols that are represented by three distincf symbol bit
patterns.

— [Pattern 1 = Caollision Avoidance Symbol31) (CAS) and Media Access Test Symbol (MTS).
— |Pattern<2:7 Wakeup Symbol (WUS).

— | Pattern 3 = Wakeup During Operation Pattern (WUDOP).

The node shall encode the MTS and CAS in exactly the same manner. Receivers distinguish between these
symbols based on the node's protocol status. The encoding process does not distinguish between these two
symbols. The bit streams for each of the symbols are described in the subsequent subclauses.

7.2.1.3.2 Collision avoidance symbol and media access test symbol

The node shall transmit these symbols starting with the TSS, followed by a LOW level with a duration of
cdCAS as shown in Figure 40. The node shall transmit these symbols with the edges of the TXEN signal being
synchronous with the TxD at the start of transmission, and with TxD returning to high after a delay period

31) See also clause 11.
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(defined by the parameter cdStaggerDelay) following the point that the TXEN signal returns to high at the end
of transmission. For details refer to Figure 54 and Figure 6032).

Figure 40 illustrates the bit stream for a CAS or MTS symbol and related events relevant to the CODEC

process:
MAC
FSP FSP
A A
v |
CODE( a b
cdStaggerDelay

High —{— —

TxD

Low < > < > \

TSS CAS

High —— I B

TXEN

Low
Key
a Input sfgnal transmit symbol on A (vVCEType) received from the MAC process with VCEType = CAS_MTS (from

Figure 95 if the node is sending a CAS or from Figure 108 if the nodelis.sending an MTS) and output signal decdding

halted ¢n A sent to the FSP process (see Figure 119, Figure 120, and Figure 127).
b Output gignal decoding started on A sent to the FSP process (see Figure 128).
NOTE $ee section 3.3 for the used abbreviated terms.

7.2.1.3.3 |Wakeup symbol

Figure 40 — CAS and"MTS symbol encoding

The node shall support a dedicated, wakeup symbol (WUS) composed of gdWakeupTxActive bits transm|tted
at a LOW [evel followed by gdWakeupTxldle bits of 'idle’. A node generates a wakeup pattern (WUP) by
repeating the wakeup symbol pWakeupPattern times33). An example of a wakeup pattern formed hy a

sequence of two wakeup symbols is shown in Figure 41.

32)

33)

64

The delay in TxD at the end of transmission (i.e., a stagger in the deactivation of the TXEN and TxD outputs) is done
to avoid the possibility of momentary glitches at the end of symbol transmission that could arise if systematic delays
in CC, interface, or BD would cause the TxD signal to effectively transition before the TXEN signal is deactivated. By
staggering the deactivation the possibility of such glitches is avoided. A similar situation that could arise at the start of
transmission requires no special treatment due to the behavioural characteristics of the BD, where a transmission
does not start until both the TXEN and TxD inputs are active (see ISO 17458-4 for further details).

pWakeupPattern is a configurable parameter that indicates how many times the WUS is repeated to form a WUP.
The required value of pWakeupPattern is affected by the number of active stars in the communication channel, and
by the detailed wakeup forwarding characteristics of these active stars. Details of this configuration are beyond the
scope of this document. Refer to 1SO 17458-4 and the documentation of the active star components for further
details.
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POC POC
CODEC a b
WUS 1 | WUS 2

High < > '
TxD
Low ‘ }
High N
TXEN cdStaggerDelay
Low i i .

—¢ >« -

gdWakeupTxActive gdWakeupTxIdle

Input signal transmit symbol on A (vCEType) received from the POC process wijth~-VCEType 7
Figure 132).

Output signal WUP transmitted on A sent to the POC process (see Figure 132).
E See section 3.3 for the used abbreviated terms.

Figure 41 — Wakeup pattern consisting of two Wakeup symbols

node shall transmit a WUS with the edges of the TXEN‘signal being synchronous to the TxD a
WUS's low phase, and with TxD returning to high,after a delay period (defined by the
faggerDelay) following the point that the TXEN signal returns to high at the start of the WUS'Y

ch is also the end of the WUS's low phase)34).

E There is no TSS transmission associated with a WUS.

node shall be capable of detecting @activity on the channel during gdWakeupTxIdle inside
vn in Figure 42.

re 42 shows an example bitsstream that could result from a wakeup symbol collision and sh
nts relevant to the CODEG ‘and WUPDEC processes3d).

WUP (see

the start of
parameter
idle phase

a WUP as

bws related

34) The purpose of the staggering of the TxD and TXEN is the same as for transmission of the CAS/MTS - to avoid the

35)

possibility of glitches when the TXEN output is deactivated.

In the figure, node 2 transmits a WUP even though node 1 had previously begun transmitting a WUP. This can occur
if node 2 does not receive the WUS's previously sent by node 1. One possible reason that this could occur is that the

first several WUS'’s of the wakeup pattern were used to wake up a sleeping star positioned between

node 1 and

node 2. On the other hand, node 3 may receive more of the WUS's sent by node 1 if the path between node 1 and

node 3 consumes fewer WUS's than the path between node 1 and node 2.
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POC POC TxLow = gdWakeupTxActive
Txldle = gdWakeupTxldle
‘ ( % RxLow = gdWakeupRxLow
a CODEC(l)» CODEC(1) ¢ Rxldle = gdWakeupRxldle
WuCol = cdWakeupMaxCollision
S() TxLow TxIdle ‘
node 1 TXEN o =lVUCO|
(( ,
D RxD |
\ _1
\ PQC
CODEC(2) b
()() TxLow TxLow
nodel2 TXEN \ ¢ ’ < Txldle >
(
2 Ry \ - | L
| i i
bitstrobing POC
disabled bitstrobing
FSP blind
|
WUPDEC(3) d
+
node|3 RxD
=RxLow >=RxIdle >=RxLow:Rxldle
gdWakeupRxWindow
Key
a Input signal transmit symbol on A (vVCEType) received from the POC process of node 1 with vCEType = WUP |(see
Figure 132).
b Input signal transmit symbol on A (VCEType) received from the POC process of node 2 with vCEType = WUP |(see
Figure 132).
c Output [signal wakeup collision on A“sent from the CODEC process of node 1 to the POC process of node 1 |(see
Figure 132).
d Output signal wakeup deceded on A sent from the WUPDEC process of node 3 to the POC process (see 7.2.713.2)
and to the FSP process (See’Figure 117).
Figure 42 — Wakeup symbol collision and wakeup pattern reception

7.2.1.3.4 “Wakeup During Operation Patterm (WoDoP)

The node shall support the transmission of a Wakeup During Operation Pattern (WUDOP), intended to allow
the node to send a pattern during normal operation that will cause a remote wakeup-capable BD that is in the
low power state to detect a wakeup. The WUDOP consists of a sequence of LOW-HIGH-LOW-HIGH-LOW
phases followed by a brief HIGH phase with a duration of a single bit36). The durations of all of the phases
except for the last are gdWakeupTxActive bits.

36) The single bit of high at the end of the WUDOP is required for idle detection stability of certain types of physical
layers.
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Figure 43 shows the bit stream of a WUDOP and related events relevant to the CODEC process:

MAC
FSP
¢ FSP
CODEC a b
1 * gdBit
—High——
TxD
Low
¢ > < < > < < >
gdWakeupTxActive | gdWakeupTxActive | gdWakeupTxActive | gdWakeupTxActive | gdWakeupTxActive
High — -
TXEN
Low
Key

a Input signal transmit symbol on A (vCEType) received from the MAC-process with vCEType = WUDOP (see
Figure 108) and output signal decoding halted on A sent to the FSP process (see Figure 119, Figure 120, and
Figure 127).

b Output signal decoding started on A sent to the FSP process (see Figure 128).

Figure 43 — Wakeup During Operation Pattern

The| node shall transmit a WUDOP with the leading edge of the TXEN signal synchronous to the| TxD at the
starf of the WUDOP's first low phase, and with TxD returning to high one bit time before the TXEN signal
returns to high at the end of the WUDOP.

NOTE There is no TSS transmission associated with a WUDOP.
Before and after the actively transmitted WUDOP, a receiver shall see phases of idle on the bpus. This is

achfeved by an appropriate ¢onfiguration of the symbol window action point (see B.4.11) and thqg size of the
symbol window (see B.4.14),

7.2. Sampling andZmajority voting

The| node shall‘perform sampling on the RxD input, i.e., for each channel sample clock period thg node shall
sanfple and-store the level of the RxD input37). The node shall temporarily store the most recent cVoting-
Samples samples of the input.

Thelnede shall perform a majority voting operation on the sampled RxD signal. The purpose of the majority
voting operation is to filter the RxD signal (the sampled RxD signal is the input and a voted RxD on A signal is
the output). The majority voting mechanism is a filter for suppressing glitches (spikes) on the RxD input signal.
In the context of this subclause a glitch is defined to be an event that changes the current condition of the
physical layer such that its detected logic state is temporarily forced to a value different than what is being
sent on the channel by the transmitting node.

The decoder shall continuously evaluate the last stored cVotingSamples samples (i.e., the samples that are
within the majority voting window) and shall calculate the number of HIGH samples. If the majority of the

37) CC's that support two channels shall perform the sampling and majority voting operations for both channels. The
channels are independent (i.e., the mechanism results in two sets of voted values, one for channel A and another for
channel B).
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samples are HIGH then the voting unit output signal zVotedVal is HIGH, otherwise zVotedVal is LOW. The
parameter zVotedVal captures the current value of the voted RxD on A signal as depicted within the BITSTRB
process in Figure 74.

Figure 44 depicts a sampling and majority voting example. A rising edge on the channel sample clock causes
the current value from the RxD bit stream to be sampled and stored within a stabilizing flip-flop. The next
rising edge on the sample clock shifts the value from the stabilizing flip-flop into the voting window. The
majority of samples within the voting window determines the zVotedVal output; the level of zZVotedVal changes
as this majority changes. Single glitches that affect only one or two channel sample clock periods are
suppressed. In the absence of glitches, the value of zVotedVal has a fixed delay of cVotingDelay +
adlnternalRxDelay38) sample clock periods relative to the value of the sampled RxD.

All other mechanisms of the decoding process shall consume the signal bit strobed on A (z\VotedMVal)
generated By the BITSTRB process (see Figure 74) and shall not directly consider the RxD seriahdata ipput
signal.

cVotingDelay
clock L |
RxD glitch
voting Yvindow  11111}11111]11110[11100 110017 10011/00111]01111J11111{11110|11100[11000}£8000/00000{00000/00000{00000]00001]00011/00111]01111]
zVotedpal

Higure 44 — Sampling and majority voting of the RxD input (adInternalRxDelay = 1)

7.2.3 Bit ¢lock alignment and bit strebing

The bit clogk alignment mechanism sSynchronizes the local bit clock used for bit strobing to the received bit
stream represented by the zVotedVal variable.

A sample counter shall countithe samples of zVotedVal cyclically in the range of 1 to cSamplesPerBit.

A bit synchronisationedge is used to realign the bit timing of the receiver (i.e., bit clock resynchronisation).
The node shall enable”the bit synchronisation edge detection each time a HIGH bit is strobed except when a
HIGH bit i strobéd while decoding bits from a byte in the header, payload or trailer. Synchronisation is
enabled for|thie.edge between the two bits in the BSS for these bytes.

The bit clock alignment shall perform the bit synchronisation when it is enabled and when zVotedVal changes
to LOW.

When a bit synchronisation edge is detected (and bit synchronisation is enabled) the bit clock alignment shall
not increment the sample counter but instead shall set it to a value of two for the next sample. The node shall

38) In this example the optional stabilizing flip-flop introduces the required minimum internal delay (adInternalRxDelay) of
one sample up to the strobe point. Note that an additional delay after the determination of zVotedVal is possible, this
delay would then increase the value of adinternalRxDelay.
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only perform bit synchronisation on HIGH to LOW transitions of zVotedVal (i.e., on the falling edge of the
majority voted samples)39).

Whenever a bit synchronisation is performed, the bit clock alignment mechanism shall disable further bit
synchronisations until it is enabled again as described above. The bit stream decoding process shall perform
at most one bit synchronisation between any two consecutive bit strobe points.

The bit synchronisation mechanism defines the phase of the cyclic sample counter, which in turn determines
the position of the strobe point. The strobe point is the point in time when the cyclic sample counter value is
equal to cStrobeOffset.

A bit shall be strobed when the cyclic sample counter is at the value cStrobeOffset, if this does_fot coincide
withl a bit synchronisation. When this condition is fulfilled, the current value of zVotedVal.is.tdken as the
current bit value and is signalled to the other processes. This action is called bit strobing.

Figure 45 depicts the mechanism of the bit synchronisation when a frame is received.

sync enable at cStrobeOffset
bit synchronization edge bit synchronization edge bit synchronization edpe

‘ —» -a—gdSampleClockPeriod
 Tss - FSS ' BSSn byte  Bssn+1

High T | |
zVotedvﬂ

Low

samples 11300000 -+~ 000011111111 1111111100000000§X ----- 011111111,00000p00X

sample

count 234234®%)  2345)6781234®)6\r81234(5)62345) 6781123456781 22345p781

sample counter reset cStrobeOffset sample counter reset sample counter resgt

Figure 45 — Bit synchronisation

Thel example from Figufe-45 shows the nominal case of an FSS and BSS with cSamplesPerBit samples. At
the pit synchronisation-edge, the sample counter is set to '2' for the sample following the detected g¢dge.

The|example also{shows a misalignment after the received first header byte of the frame. The misalignment is
reflgcted by the ‘value of the sample counter at the start of the HIGH bit of the BSS (see the first highlighted
area). Theirst'expected sample (HIGH) of BSS n + 1 should occur when the sample counter valug is '1".

SingeCit, actually occurs when the sample counter value is '2', the edge was decoded with a dglay of one
chahmmetsampteclockperiod—Bitsynchronisatiom, performetd-by resettingthesamptecountertakes place with
the next bit synchronisation edge (see second highlighted area). The effect of the bit synchronisation is that
the distance of edge to the strobe point is the same as if the edge would have appeared at the expected
sample (see also 7.2.8).

To detect activity on a channel, it is necessary that at least cStrobeOffset consecutive LOW samples make it
through the majority voter. This is a consequence of the combination of the majority voting and the bit
synchronisation mechanisms.

The SDL representation of the BITSTRB process is depicted in Figure 74.

39) This is necessary as the output of the physical layer may have different rise and fall times for rising and falling edges.
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7.2.4 Implementation specific delays

In addition to the delays on the path from RxD input to the signal bit strobed on A (zVotedVal) implied by the
definition of the voting mechanism (cVotingDelay) and the bit strobing mechanism (cStrobeOffset) an actual
implementation might need to add an additional delay (adinternalRxDelay) into this path.

Such an additional delay might for example be the sum of delays introduced by stabilizing flip-flops after the
RXD input or an additional flip-flop after the voting mechanism. The FlexRay data link layer specification
tolerates such an additional delay in the range from cdinternalRxDelayMin to cdinternalRxDelayMax sample
clock periods (see B.4.3.2.1). The important conformance test criteria is that the overall delay in this path is in
the range defined by the sum of cVotingDelay + cStrobeOffset + adInternalRxDelay.

entation introduces an additional delay greater than cdinternalRxDelayMax or smaller ]han
cdinternalRkDelayMin it internally has to compensate the delay.

7.2.5 Chdnnel idle detection

The node ghall use a channel idle detection mechanism to identify the end of the current communicgtion
element. Idle detection is done by means of a sample tick timer which is~\set to a duratiorn
cChannelld|eDelimiter times cSamplesPerBit. This idle timer is started (or restarted)swhenever a bit is strg
as low by the BITSTRB process - expiration of the timer (which implies that no hits have been strobed as
during the duration of the timer49) results in the detection of idle (i.e., the chanrfel is considered to be idle).

bed
low

be
the
sive

The channgl continues to be considered idle until a bit is strobed as<ow; which causes the channel tq
considered [to be active and once again starts the idle timer. Channel idle detection is not active while
node is engoding a communication element - the decoding and encoding mechanisms are mutually exclu
and idle detection is a logical component of the decoding mechanism.

When the the
that
hout

CODEC process is instantiated by the POC, the' CODEC process immediately instantiates
BITSTRB pfocess and puts it in the GO mode where idle\detection is performed. The initial assumption is
the channgl is active, so cChannelldleDelimiter times cSamplesPerBit sample ticks shall go by wit
strobing a Igw bit before the channel is considered.to be idle (see 7.4.2).

When the

STANDBY
element, a
timer and o

the
tion
idle

CODEC process is encoding a communication element, the BITSTRB process is placed in
mode and idle detection is stopped. Following the completion of the encoding of a communicg
mode control signal is sent-fosthe BITSTRB process that causes the process to restart the
nce again begin idle detection.

Because o
experience
on the bus.
indicate LO
when the B

certain effects on~the physical layer, a node that has just completed a transmission may
a period of time where the signal seen at the RxD input does not reflect what is actually occutring
For example, fora period of time following the completion of a transmission the RxD input fnay
W even though-no node in the system is actively driving the bus. In order to overcome this issue,
TSTRB proegess is restarted following a transmission it is placed into the BLIND mode.

While opera
acts as if th

ting, i-this mode, the BITSTRB process basically ignores the actual status of the RxD input
e RXxD input was indicating HIGH at all times. The BITSTRB process remains in the BLIND m

and
ode

S to

for a config

irable number of bit times (dnrprminpd hy the parameter gdlgnnrpAﬁprTy) after which it retur

the GO mode where bits are strobed in the normal manner. Although no actual bits are strobed while the
BITSTRB process is in the BLIND mode, when BITSTRB leaves the BLIND mode it behaves as if it had
strobed gdignoreAfterTx consecutive HIGH bits.

7.2.6 Action point and time reference point

As defined in clause 9, an action point (AP) is an instant in time at which a node performs a specific action in
alignment with its local time base, e.g. when a transmitter starts the transmission of a frame.

40) This is not necessarily equivalent to strobing cChannelldleDelimiter consecutive high bits because under some
circumstances the strobe point can be modified by the bit clock alignment mechanism discussed in 7.2.3.
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The clock synchronisation algorithm requires a measurement of the time difference between the static slot
action point of the transmitter of a sync frame and the static slot action point of the corresponding slot in the
receiving node. Obviously, a receiving node does not have direct knowledge of the static slot action point of a
different node. The clock synchronisation algorithm instead infers the time of the transmitter's action point by
making a measurement of the arrival time of a received sync frame42).

Due to certain effects on the physical transmission medium it is possible that the first edge at the start of a
frame is delayed different than all other edges of the same frame, causing the TSS seen at the RxD input to
be shorter or longer than the TSS that was transmitted. This effect is called TSS length change and it has
various causes (e.g., connection setup in active stars, differences in propagation delays of rising and falling
edges, etc.). The cumulative effect of all such causes on a TSS transmitted from node M to node N is to
chapge the length of the TSS by dFrameTSSLengthChangeun. A node shall accept the TSS as|valid if any
nunjber of consecutive strobed logical LOW bits in the range of 1 to (gdTSSTransmitter + 2) is detgcted42).

Signals transmitted from a node M are received at node N with the propagation delay dPropagationDelayy.
The| propagation delay is considered to be the same for all corresponding edges in the-fransmit TxD signal of
node M to the receive RxD signal at node N except for the first edge at the start of the-frame.

Figure 46 depicts the effect of propagation delay and TSS length change. ~or 'a more detailed|description
refef to ISO 17458-4.

Node M transmitter BSS
_ FSS—— -
ngh T T T T
TxD channel idle
Low

TSS /

dPropagationDelaym n

Node N receiver

High
RxD channel idle
Low dPropagationDelayw, -
accumulated change of TSS
TSS length

Figure 46 — TSS length change and propagation

As a result of TSS-length change and propagation delay, it is not possible to know the precise |relationship
between when,'a receiver begins to see a TSS and when the transmitter started to send thg TSS. It is
necgssary to\base the time measurements of received frames on an element of the frame that is pot affected
by 1TSS, léngth change. The receiving node takes the timestamp of a secondary time reference point (TRP)
that|oecurs during the first BSS of a message and uses this to Calculate the timestamp of a pnmary TRP that
reprie : , e . ected by TSS
Iength change and propagat|on delay The t|mestamp of the pnmary TRP is used as the observed arrival time
of the frame by the clock synchronisation algorithm.

The strobe point of the second bit of the first BSS in a frame (i.e., the first HIGH to LOW edge detected after a
valid TSS) is defined to be the secondary TRP. A receiver shall capture a time stamp, zSecondaryTRP, at the
secondary TRP of each potential frame start.

41) This is possible because transmission of the sync frame begins at the static slot action point of the transmitting node.
42) The use of the "+ 2" constant places requirements on the EPL parameters such as dFrameTSSLengthChange and
dFrameTSSEMIInfluence. See Table B.5 for additional details.
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The node shall calculate a primary TRP, zPrimaryTRP, from the secondary TRP timestamp. The
zPrimaryTRP timestamp serves as the sync frame's observed arrival time for the clock sync, and is passed
onto the FSP process via the frame decoded on A (VRF) signal. Both zPrimaryTRP and zSecondaryTRP are
measured in microticks.

Figure 47 depicts definitions for the time reference point calculations and shows the following significant
events.

a Transmitter Action Point

+ —» <4—FSS

transmigter TxD

TSS
¢ primary Time b secondary Time
¢ Reference Point Reference Point
\j
receivef zVotedVal
pDecodingCorrection
<> >

pDelayCompensation[A]

Key
a  Transmytter static slot action point - the point at which the transmitter begins sending its frame.
b Secondary TRP (timestamp zSecondaryTRP), located-at the strobe point of the second bit of the first BSS. A{ this
point in|time, the decoding process shall provide the output signal potential frame start on A to the CSS on channel A
procesg (see also 12.4.3).
c Primaryy TRP (timestamp zPrimaryTRP), (calculated from zSecondaryTRP by subtracting a fixed dffset
(pDecoflingCorrection) and a delay compensation term (pDelayCompensation) that attempts to correct for the effects
of proppgation delay. This does not represent an actual event, but rather only indicates the point in time tha} the
timestamp represents.

Figure 47 — Time reference point definitions

The differgnce between” zPrimaryTRP and zSecondaryTRP is the summation of node paramgters
pDecodingCorrectionnand pDelayCompensation. The calculation of pDecodingCorrection is given in B.4.28.

The Primary TRP timestamp is passed to the FSP process (and subsequently to the clock synchronisgtion
process) vip the PrimaryTRP element of the VRF structure (see Figure 72, Figure 118, Figure 120, [and
Figure 165). The clock synchronisation algorithm uses the deviation between zPrimaryTRP and the sync
frame's expected arrival time to calculate and compensate the node's local clock deviation. For additional
details concerning the time difference measurements see clause 12.

7.2.7 Frame and symbol decoding

7.2.7.1  Overview
This subclause specifies the mechanisms used to perform bit stream decoding. The decoding part of the

CODEC process interprets the bit stream observed at the voted RxD input of the node (provided by the
sequence of bit strobed on A signals from the BITSTRB process).
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The decoding part of the CODEC process does not perform concurrent decoding of frames and CAS / MTS
symbols, i.e. for a given channel the CODEC process shall support only one decoding method (frame or
CAS / MTS symbol) at a time. For example, once a new communication element is classified as a start of a
frame then CAS / MTS decoding is not required until the channel has been detected as idle again after the

end

of the frame and / or after a decoding error is detected.

In addition to the CODEC process the WUPDEC process is permanently performing wakeup pattern detection
unless the CODEC is transmitting a CE or is in STANDBY. This detection is active even if the CODEC is
currently decoding a frame or a CAS / MTS symbol.

The decoding process shall support successful decoding43) of consecutive communication elements when the

spa
elen

The|
one

The|
dire
prog
prog
of s

The
preg
i.e.,
a fix

7.2.
A fr

the
idle

nent is greater than or equal to cChannelldleDelimiter bits.

bit stream decoding of the individual channels on a dual channel node shall operate indeper
another.

node shall derive the channel sample clock period gdSampleClockPeriod from the oscillator
Ctly or by means of division or multiplication. In addition to the channel sample clock period, th
ess shall operate based on the programmed bit length as characterized by the parameter
rammed bit length is an integer multiple of the channel sample clock period. It is defined to be
bmples per bit cSamplesPerBit and the channel sample clock period gdSampleClockPeriod.

relation between the channel sample clock period and the 'microtick is characterized by th
caler pSamplesPerMicrotick. The channel sample clock.and the microtick clock shall be sy
there shall be an integer multiplicative relationship between the two periods and the two clock
ed phase relationship.

7.2  Frame decoding

hme starts at CE start with the first strobed-LOW bit after channel idle. The channel idle delimi
ime required by the idle detection mechanism to determine that the channel is idle (see 7.2.5).
to occur all bits strobed during the channel idle delimiter shall be strobed as high.

ting between the last bit of the previous element and the first bit of the subsequent cempmunication

dently from

lock period
e decoding
gdBit. The
the product

e microtick
nchronized,
5 shall have

ter refers to
In order for

43) The successful decoding does not necessarily imply successful reception in terms of being able to present the

payload of the decoded stream to the host.
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Figure 48 depicts the received frame bit stream of a frame and events in relation to the CODEC and the
BITSTRB processes.

POC POC
MAC MAC
ESP CSS POC FSP MAC FSP
CODEC a b c d e f
BITSTRB
strobing———————————— 1 e o s e e L
ngh T
zVotedMal ﬂ
Low L
- e B
BSS FES DTS
>=cC 1anne||(;eDeIimiter ‘Channel Idle,Delimiter g
Key
a  Output [signal idle end on A to the POC process shown in Figure 31, Figure 131, and_Figure 142, and to the MAC
procesg shown in Figure 102; output signal CE start on A to the MAC process shown in Figure 103, and to the [FSP
procesg shown in Figure 119.
b Output pignal potential frame start on A to the CSS process shown in Figure<162.
Output [signal header received on A to the POC process shown in Figuretl31, Figure 133, Figure 142, Figure (144,
and Figure 146.
Output ignal frame decoded on A (VRF) to the FSP process shown-in Figure 120.
Output signal potential idle start on A to the MAC process shownhin Figure 103; Output signal DTS received on|A to
the MACL process shown in Figure 103.
f Output [signal CHIRP on A to the MAC process shown in‘Figure 103 and Figure 102, to the FSP process shown in
Figure 127, and to the POC process shown in Figure 31, Figure 131, and Figure 142.
Figure 48 — Réceived frame bit stream
The BITSTRB process shall output a‘potential idle start on A signal every time a bit strobed as high was
preceded by a bit strobed as low. Tovkeep the figure simple these signals are not shown in Figure 48 witH the
exception of the potential idle start_at the end of the DTS. Although all of these potential idle start signals|are
processed by the MAC process,-only the one associated with the end of the DTS is relevant to the opergtion
of dynamic segment media-aceess.
7.2.7.3 Symbol dec@ding
7.2.7.3.1 |[Collision avoidance symbol and media access test symbol decoding
The node shattdecode the CAS and MTS Symbols M exactty the sarme manmner. SINce these Symbpois are

encoded by a LOW level of duration cdCAS starting immediately after the TSS, it is not possible for receivers
to detect the boundary between the TSS and the subsequent LOW bits that make up the CAS or MTS.

As a result, the detection of a CAS or MTS shall be considered as valid coding if a LOW level with a duration
between cdCASRxLowMin and gdCASRxLowMax is detected.

74
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Figure 49 shows the received bit stream of a CAS/MTS and events in relation to the CODEC and the
BITSTRB processes:

Key

7.2.

The
cod

POC POC
MAC POC MAC
FSP F?P F?P

CODEC a b c

BITSTRB

strobing [ | | | | | L1 T T O A A O e

High

zVotedVal .

Low — < .

>= cChannelldleDelimiter Channel Idle Delim{ter

Output signal idle end on A to the POC process shown in Figure 31, Figure-131; and Figure 142, and
process shown in Figure 102; output signal CE start on A to the MAC process-shown in Figure 103, an
process shown in Figure 119.

Output signal CAS_MTS decoded on A to the POC process shown’in Figure 131, Figure 142, Fig
Figure 146, to the MAC process shown in Figure 103, and to the ESR process shown in Figure 121.

Output signal CHIRP on A to the POC process shown in Figure:31; Figure 131, and Figure 142, to the
shown in Figure 103 and Figure 102, and to the FSP process.shown in Figure 127.

Figure 49 — Received<CAS / MTS bit stream

7.3.2 Wakeup symbol decoding

to the MAC
d to the FSP

lre 144, and

MAC process

detection of either a WUDOP of a"WUP composed of at least 2 WUS's shall be considered as valid

ng if all of the following conditigns.are met:
a HIGH level with a duration-of at least gdWakeupRxlIdle is detected;

this is followed by a“duration of at least gdWakeupRxLow at the LOW level. After this duratig
timer is started, even’if the LOW level is still present. The timer will expire after gdWakeupRxW

this is followed by a duration of at least gdWakeupRxIdle at the HIGH level,

this is fellowed by a duration of at least gdWakeupRxLow at the LOW level;

n a window
indow;

this is followed by a duration of at least gdWakeupRxIdle at the HIGH level;

the last three phases of HIGH, LOW and HIGH are received before the window timer that was started

during the first LOW phase has expired.

The bit stream received by node 3 in Figure 42 shows the reception of a WUP and the related event relevant
to the WUPDEC process of node 3. The output signal wakeup decoded on A is sent to the POC process
shown in Figure 131 and Figure 133, and to the FSP process shown in Figure 117.
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7.2.7.4  Decoding error

Exiting one of the decoding macros CAS_MTS_DECODING, FSS_BSS DECODING, HEADER_DECODING,
PAYLOAD_DECODING, or TRAILER_DECODING (shown in Figure 62) with an exit condition of decoding
error shall abort and restart the decoding again. Prior to doing so, the FSP is informed about the decoding
error.

When a decoding error is detected the node shall treat the first wrong bit as the last bit of the current
communication element, i.e. it shall terminate communication element decoding and shall wait for successful
channel idle detection.

It shall not Jead to a decoding error if one or three HIGH bits (instead of exactly two HIGH bits) are strgbed
after the TSS.

In the FSS{BSS sequence, it is possible that, due to the quantization error of one sample pehiod from| the
receiver's pgoint of view, an incoming HIGH level of 2 gdBit length (FSS + first bit of the~BSS) may be
interpreted ps

— (2 * cSamplesPerBit - 1), or
— (2 * cSamplesPerBit), or

— (2 * cSamplesPerBit + 1) samples long.

This could jlso arise as a systematic effect due to slow / fast clocks, of the node and the analog-to-dipital
conversion pf the signal.

Figure 50 shows an example FSS-BSS decoding with only (2 *eSamplesPerBit - 1) samples of HIGH. Under
all conditior]s at least one leading HIGH bit between the TSS%and the first data byte is accurately decoded.

In addition fo the effects of quantization, the presenceof asymmetry could also result in additional reduction or
lengthening| of the actual duration of the HIGH perjod-of the FSS-BSS sequence. Any amount of asymmletry
that is accgmmodated by the decoding algorithmi_would still result in the strobing of between one and three
bits at HIGH. Refer to ISO 17458-4 for additiofal details.

TSS 3 FSS BSS
High i
zVotedyal — - gdSampleClockPeriod
LOW L L
samplep 1100000 00O0O0111111111111111200000000
samplelcount2.8 4 2 3 4 5 234567812345678123452345678
samole‘counter \ / samole‘counter
reset ColrupeuUITSel I’eset

Figure 50 — Start of frame with FSS BSS decoding

7.2.8 Signal integrity
In general, there are several conditions (e.g. clock oscillator differences, electrical characteristics of the

transmission media or the transceivers, EMI etc.) that can cause variations of signal timing or introduce
anomalies / glitches into the communication bit stream. The decoding function attempts to enable tolerance of
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the physical layer against presence of one glitch in a bit cell when the length of the glitch is less than or equal
to one channel sample clock period44).

Asymmetric delays cause bit edges to occur earlier or later than would otherwise be expected from a
receiver's perspective. This could contribute to individual receivers incorrectly determining a received bit
value. To avoid this effect these delays shall be bounded such that the aggregate effect of asymmetric delays
at any receiving node does not affect the majority of bit samples used in determining the voted value at the
strobe offset. Asymmetry causes and effects are described and characterized in ISO 17458-4.

7.3 Coding and decoding process

7.3.L Operating modes

The| POC shall set the operating mode of the CODEC for each communication channel.
Definition (9) shows the formal definition of the CODEC operating modes.

Def|nition: T_CodecMode (9)
newtype T CodecMode

literals STANDBY, NORMAL, READY;
endnewtype;

— |In the STANDBY mode, the execution of the CODEC and all of its subprocesses are effectively halted.

— |In the READY mode the bit strobe process BIT.STRB and the wakeup detection process WUPDEC are
executed but the CODEC process waits in its.CODEC:ready state.

— |In the NORMAL mode the CODEC process, the bit strobe process BITSTRB and the wakeyp detection
process WUPDEC are executed.

7.3.2 Coding and decoding process behaviour

Thig subclause contains the fermalized specification of the CODEC control process. Figure 51, Figure 52 and
Figdre 53 depict the specification of the CODEC control process and the termination of the CODEC process.
When the CODEC process’ receives the POC signal terminate CODEC_A, the CODEC sends [termination
signals to its subprocesses before terminating itself.

44) There are specific cases where a single glitch cannot be tolerated and others where two glitches can be tolerated.
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Figure 51 depicts the specification of the CODEC process.

dcl vCEType

dcl zCodecMode
dcl zBit

dcl zLowBitCnt
dcl vTF

dcl vRF

T_CEType;
T_CodecMode;
T_BitLevel,
Integer;
T_TransmitFrame;
T_ReceiveFrame;

dcl zBitCnt

dcl zRemainingPattern
dcl zByteCnt

dcl zByte

dcl zByteStream

dcl zCRCCheckPassed

Integer;
Integer;

Integer;
T_ByteArray;
T_ByteStreamArray;
Boolean;

dcl zBitStream T_BitStreamArray; dcl zPayloadLength Integer;

dcl zBitStreamLength  Integer; dcl zSecondaryTRP T_MicrotickTime;
STtimer tWusldle = gdWakeup TxIdle * cSamplesPerBIt; | |dcl zBSSError Boolean;

ST| timer tBitDuration  := cSamplesPerBit; dcl zAbortion Boolean;

ST| timer tStaggerDelay := cdStaggerDelay * cSamplesPerBit; dcl zDecodingError

C )

T_DecodingError;

VRFIChannel := A,
\
BITSTRB_A,
WUPDEC_A set TxEN‘on A to HIGH,
‘ set.FxD on A to HIGH,
BITSTRB control on A (GO),
WUPDEC control on A (GO)
-l
/
sdqt TXEN on A to HIGH, ( ready )
sqt TxD on A to HIGH,

BITSTRB control on A (STANDBY), CODEC con‘trol onA
WUPDEC control on A (STANDBY) (zCodecMode)
’75TANDBY zCodecMode ? READY
[
NORMAL
I |
reset(tWusldle); ‘
reset(tBitDuration); DECODING_A
reset(tStaggerDelay);
A
standby )

Figure 51 — CODEC process [CODEC_A]
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Figure 52 depicts the specification of the CODEC control process.

set TXEN on A to HIGH,

set TXEN on A to HIGH, ( w3 (standby, ready) ) set TxD on A to HIGH,
set TxD on A to HIGH, BITSTRB control on A (GO),

BITSTRB control on A (STANDBY), CODEC con‘trol on A WUPDEC control on A (GO),
WUPDEC control on A (STANDBY) (zCodecMode) enable sync edge detect on A
’78TANDBY zCodecMode ? READY—‘
NORMAL
reset(t}l\llusldl‘e); # /
Sibaeeamy | o) (e

/

< standby )

Figure 52 — Mode control of the CODEC process [CODEC_A]

Figure 53 depicts the specification of the CODEC termination process.

(% )

terminate CODEC_A

\
set TXEN on A to HIGH,
set TxD on A to HIGH

\
terminate BITSTRB_A,
terminate WUPDEC_A

Figure 53 — Termination of the CODEC process [CODEC_A]

7.3.R Fnr‘nding hehaviour

The CODEC process receives the data to transmit from the media access control process. For frame
transmission the variable vTF of type T_TransmitFrame is used45).

Definition: T_TransmitFrame (20)

newtype T TransmitFrame
struct

45) The frame sent on the channel also contains the frame CRC. The frame CRC is not part of the vTF variable - it is
added to the frame by the CODEC.
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He
Pa

ader T Header;
yload T Payload;

endnewtype;

The variable zBit is used to describe the level of the TxD and TxEN interface signals between the CODEC and
a bus driver. The zBit variable is of type T_BitLevel.

Definition:

T BitLevel

newtype T BitLevel

(11)

literals HIGH, LOW;
endneptype;
The CODEC process provides the assembled bit stream via the TxD signal to the BD (withdhé 'SDL sighals

set TxD on
set TXEN o
of a'1' bit a|

Figure 54
frame on A

A to HIGH and set TxD on A to LOW) and controls the BD via the TXEN signal’(the SDL sig
N A to HIGH and set TXEN on A to LOW). The transmitting node shall set TxD\to HIGH in the ¢
nd shall set TxD to LOW in the case of a '0' bit.

hows a high level view of the mechanisms used for encoding. Afterthie reception of a tran
or transmit symbol on A signal the CODEC process follows one of four distinct paths dependin

the type of
macro. Bef

and puts the BITSTRB and WUPDEC processes into STANDBY mode,

If the CE tg be encoded is a frame, the FRAME_ENCODING magro is executed (see Figure 55). This m
calls the prepbitstream function, which takes the inbound frame vTF from the MAC process, prepares th
stream zBitStream of type T_BitStreamArray for transmission, and calculates the bit stream le
zBitStreamlLength. The prepbitstream function shall break(the frame data down into individual bytes, prep
a TSS, add|an FSS at the end of the TSS, create a series*of extended byte sequences by adding a BSS at

beginning

for the CRd, and assemble a continuous bit streapiout of the extended byte sequences.

Once the

Following t
the dynami
signal to the

If the CE to
macro simg
duration of
WAIT funct
in the BLIN
deactivated

communication element that is to be encoded. Each of these\paths is described in a sepd
re any of the macros are executed, however, the CODEC process sets the TXEN output to L

each byte of frame data, calculate the frame CRC bytes and create the extended byte sequer

t stream is prepared, the macro steps bit by bit through the stream and presents it to the
is, the FRAME_ENCODING.macro calls the TRANSMIT_FES macro and, if the frame is se
segment, the TRANSMIT (DT'S macro. Once all of these are complete, the macro sends a co
BITSTRB process that restarts bit strobing in the BLIND mode.

be encoded is a CAS)/ MTS, the CAS_MTS_ENCODING macro is executed (see Figure 60).
ly sets the TxD-output to LOW and leaves it at this state for an appropriate period of time
TSS plus theduration of the CAS). Once the necessary duration has passed (as indicated by
on described.in Figure 58) the TXEN output is deactivated and the BITSTRB process is restd
D mode. Following a delay of cdStaggerDelay bits (see 7.2.1.3.2), the TxD output is

nals
ase

sMit
J on
rate
oW

ACro
b bit
hgth
end
the
ces

JIER
Nt in
htrol

This
(the
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rted
Aalso

If the CE to

be encoded is a Wakeup Pattern, the WUP_ENCODING macro is executed (see Figure 59).

This

macro loops through pWakeupPattern iterations, each one creating a WUS as described in 7.2.1.3.3. As the
low phase of each WUS is completed, the WUP_ENCODING macro provides the necessary staggering of the
TxD and TXEN outputs, and commands the BITSTRB process to the BLIND mode to begin the process of
allowing the detection of wakeup symbol collisions. If a collision is detected (by detecting
cdWakeupMaxCollision consecutive LOW bits) the WUP_ENCODING macro is aborted, signalling a wakeup
collision. If no collision is detected, the macro will loop until all WUS's have been generated and then exit.

If the CE to be encoded is a WUDOP, the WUDOP_ENCODING macro is executed (see Figure 61). This
macro transmits a sequence of LOW-HIGH-LOW-HIGH-LOW phases followed by a brief HIGH phase.
Following the last HIGH phase the TXEN output is deactivated and the BITSTRB process is restarted in the
BLIND mode.
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newtype T BitStreamArray
Array (Integer, T BitLevel);

endnewtype;

Figure 54 depicts the encoding mechanism [CODEC_A].

(12)

* (standby, ready) )

transmit frame on A
(vCEType, VTF)

transmit symbol on A

(vCETy‘pe) decoding halted on A,

~ STATFRAME,
DYNFRAME

‘ WUPDEC control on A (STANDBY),

sét TXEN on A to LOW

/ BITSTRB control on A (STANDBY),

VvCEType ? WUDOP

[
CAS_MTS L wup |

FRAME_ENCODING_A

|
CAS_MTS_ENCODING

WUP_ ENCODING_A

A A

WUDOP_ENCOPING_

>l \

decoding started on A,

WUPDEC control on A (GO)

y

wait for CE start )

Figure 54 — Encoding mechanism [CODEC_A]

Immediately after instantiatiop- of'the CODEC process, the encoder sends the signal set TXEN on A to HIGH

to d|sable the BD's transmitter:

Def(nition: T_CEJFype
newtypevT CEType

endnewtype;

Titerals STATFRAME,

DYNFRAME, CAS MTS, WUP, WUDOP;

(13)
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7.3.4 Encoding macros

Figure 55 depicts the frame encoding macro FRAME_ENCODING_A [CODEC_A|.

FRAME_ENCODING_A >

prepbitstream(vTF, zBitStream,
zBitStreamLength);
zBitCnt := 0;

»
.

set(tBitDuration);

zBitStream(zBitCnt) ? HIGH

LOW
|

set TxD on A to LOW set TxD on A to HIGH

<
Y
( wait for end of bit )

tBitDuration stap.transmission on A

zBitCnt := zBitCnt+ 1;

else ZBitCnt?

\
=zBitStreamLength
|

frame transmiitted on A

_fransmission___ || 1R ANSMIT_FES_A
aborted
T
done
\
t——else vCEType ?
\
DYNFRAME
1

TRANSMIT_DTS_A

-l
-«

set TxD on A to HIGH

WA A

|-
!

O

Figure 55 — Encoding macro FRAME_ENCODING_A [CODEC_A]

set TXEN on A to HIGH,
BITSTRB control on A (BLIND)
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Figure 56 depicts the FES encoding macro TRANSMIT_FES A [CODEC_A].

TRANSMIT_FES_A )

set(tBitDuration);
zAbortion := false;

set TxD on A to LOW

ISO 17458-2:2013(E)

-

Y

( wait for end of FES bit 1 )

tBitDuration

stop transmission on A

set(tBitDuration);

zAbortion := true;

set TxD on A to HIGH

-

-

Y

( wait for end of FES bit 2 )

true

transmission
aborted

tBitDuration stop transmission on A
\ \
zAbortion ? zAbortion := true;
\
false |
done

Figure 56 — Encoding macro TRANSMIT_FES_A [CODEC_A]
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Figure 57 depicts the DTS encoding macro TRANSMIT_DTS_A [CODEC_A|].

Figure 58 d

84

TRANSMIT_DTS_A )

set(tBitDuration);

set TxD on A to LOW

/

( wait for end of first DTS bit >

tBitDuration

stop transmission on A

DTS start on A

A

( wait for DTS end )

stop transmission on A

Figure 57 — Encoding macro TRANSMIT_DTS A [CODEC_A]

bpicts the procedure WAIT_A [CODEC_A].

fpar ZWait; Q WAIT_A(zWait) D

—

zZWait ?

T
else
|

‘ set(tBitDuration); ‘

v

S ——nan_n 5
Wart 10T DIt atratron

‘ tBitDuration

‘ zZWait ;= zWait - 1;

L]

Figure 58 — Procedure WAIT_A [CODEC_A]
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Figure 59 depicts the WUP encoding macro WUP_ENCODING_A [CODEC_A].

WUP_ENCODING_A >

zRemainingPattern :=
pWakeupPattern;

|-

|

BITSTRB control on A (STANDBY),
set TXEN on A to LOW,
set TxD on A to LOW

WAIT_A(gdWakeup-
TxActive)

set TXEN on A to HIGH,
BITSTRB control on A (BLIND)

set(tStaggerDelay);
zLowBitCnt := 0;
set(tWusldle);

/

( WusTxldle decoding )

tWusldle

bit strobed on A (zBit)

zRemainingPattern ?

!
>1

\
zRemainingPattern :=
zRemainingPattern - 1;

tStaggerDelay

zBit ? HIGH set TxD on A to HIGH
\
LOW \ -
|
zLowBitCnt := - —
zLowBitCnt + 1; zLowBitCnt := 0;
zLowBitCnt ? else \ J

T
= cdWakeupMaxCollision

\ —
wakeup collision
onA

else

WUP transmitted on A

%

(@

~—

Figure 59 — Encoding macro WUP_ENCODING_A [CODEC_A]
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Figure 60 depicts the CAS / MTS encoding macro CAS_MTS_ENCODING_A [CODEC_A].

CAS_MTS_ENCODING_&

set TxD on A to LOW

WAIT_A
(gdTSSTransmitter+cdCAS)

set TXEN on A to HIGH,

MNEaTOR

I
WAIT_A
(cdStaggerDelay)
I

set TxD on A to HIGH

O

Figure 60 — Encoding macro CAS_MTS_ENCODING (A [CODEC_A]
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Figure 61 depicts the WUDOP encoding macro WUDOP_ENCODING_A [CODEC_A].

WUDOP_ENCODING_A>

set TxD on A to LOW
\
WAIT_A
(gdWakeup-TxActive)
\

set TxD on A to HIGH

WAIT_A(gdWakeup-
TxActive)

set TxD on A to LOW

WAIT_A(gdWakeup-
TxActive)

set TxD on A to HIGH

[
WAIT_A(gdWakeup-
TxActive)

set TxD on A to LOW

WAIT_A(gdWakeup-
TxActive)

set TxD on A to HIGH

WAIT_A(L)

| set TXEN on A to HIGH,

BITSTRB control on A (BLIND)

Figure 61 — Encoding macro WUDOP_ENCODING_A [CODEC_A]

7.3.p becoding behaviour

A d ki &l ball ol 2l +la H Aot % reladla +la RIFTCTRND d h
r CTIVITTY TIOUT offiall UTUTUUT UIT TTULTIVOU UL otfTalll pJruviilTu Uy UIC DITOTIND PIULToo ALLU Ing tO t e

CODEC process.
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Figure 62 depicts the macro DECODING_A [CODEC_A|.

DECODING_A >

-

WAIT_FOR_CE_START_A

CAS_MTS_DECODING
TSS_DECODING_A - TSS too long——— A j
I I
TSS ok decoding error CAS_MTS decoded
|

FSS_BSS_DECODING_A (decoding error—— b

I
FSS ok
\

HEADER_DECODING_A  decoding error—

I
header ok
\

PAYLOAD_DECODING_A |—decoding error—m

I
payload ok
\
TRAILER_DECODING_A  (—decoding error—m
trailér ok zDecodingError :=
UNSPECIFIED;

I
decoding error on'A
(zDecodingErkor)

Y

Figure 62 — Decoding macro DECODING_A [CODEC_A]

7.3.6 Decpding macros

The followinjg formal definitions are used within the frame decoding macros:

Definition: [T_ByteArray (L4)
newtype T Byteklrray

Arnray (Integer, T BitLevel);
endnepWtype.

Definition: T_ByteStreamArray (15)
newtype T ByteStreamArray

Array (Integer, T ByteArray);
endnewtype;

88 © 1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

Definition: T_CRCCheckPassed (16)

syntype
T CRCCheckPassed = Boolean
endsyntype;

Definition: T_MicrotickTime a7)

syntype
T MicrotickTime = Integer
endsyntype;

Def|nition: T_ReceiveFrame (18)

newtype T ReceiveFrame

struct
PrimaryTRP T MicrotickTime;
Channel T Channel;
Header T Header;
Payload T Payload;
endnewtype;
Def|nition: T_DecodingError (29)

newtype T DecodingError
literals CAS MTS TOO SHORT,AFSS TOO LONG, UNSPECIFIED;
endnewtype;

Figdre 63 depicts the macro WAIT' FOR_CE_START_A [CODEC_A|.

WAIT_FOR_CE_START_E

< wait for CE start

CE starton A

Figure 63 — Decoding macro WAIT_FOR_CE_START_A [CODEC_A]
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Figure 64 depicts the macro TSS_DECODING_A [CODEC_A].

Q TSS_DECODING_A )

\
‘ zBitCnt:= 1; ‘

A
TSS decoding

\
‘ bit strobed on A (zBit)

‘ zBitCnt := zBitCnt + 1, ‘

)

ZBit ?

HIGH
T
LOW
|
—else—< ZBitCnt ?
T
> gdTSSTransmitter + 2
TSS too long TSS ok

Figure 64 — Decoding macro TSS_DECODING_A [CODEC_A]

Figure 65 dppicts the macro CAS_MTS_DECODING,&[CODEC_A|.

@ CAS_MTS_DECODING_E
-

v

( CAS_MTS decoding )

‘ bit strobed on‘A (zBit)

ZBit ?

LOW

T
HIGH
|

zBitCnt ? >—else7

>= cdCASRxLowMin
|

‘ zBitCnt := zBitCnt + 1, ‘

ZzBRitCnt 2

CAS_MTS decoded on A‘ ‘ ZDecodingError =

olse

T
> gdCASRxLowMax

CAS_MTS_TOO_SHORT,

\
zDecodingError :=
UNSPECIFIED;

CAS_MTS decoded

decoding error

Figure 65 — Decoding macro CAS_MTS_DECODING_A [CODEC_A]
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Figure 66 depicts the macro FSS_BSS DECODING_A [CODEC_A].

FSS_BSS_DECODING_&

zBitCnt := 1;
\j
< FSS_BSS tecotit Ue)
\
bit strobed on A (zBit)
\
zBitCnt := zBitCnt + 1,
\
zSecondaryTRP := now; zBit ? HIGH
VRF!PrimaryTRP := ‘
zSecondaryTRP - LOW
(pDecodingCorrection + : -
pDelayCompensation[A]); zBitCnt ? else
T
>3
!
potential frame start zDecodingError :=
on A FSS_TOO_LONG;
FSS ok decoding error

Figure 66 — Decoding macro FSS_BSS DECODING_A [CODEC_A]46)

46) If a bit is strobed at a microtick boundary 'now’ should reflect the larger microtick value.
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Figure 67 depicts the macro HEADER_DECODING_A [CODEC_A|].

HEADER_DECODING_A)

zByteCnt := 0;

zByte := call
BYTE DECODING A;

\
zByteStream(zByteCnt) :=
zByte(0:7);

zByteCnt := zByteCnt + 1;

zBssError := call

P —
BSS DECODING_A; /)I decoding error
g
zBssError ? /! true
\
false
|
else zByteCnt ?
:‘5 ZCRCCheckPassed/:=
‘ call headerCRCgheck_A
(zByteStream(0:4));
\
zCRCCheckPassed ? false

T
true
|

header received on A
| zPayloadLength :=
call getpayloadlength_A
(zByteStream(2));
header ok decoding error

Figure 67=- Decoding macro HEADER_DECODING_A [CODEC_A]

The function headerCRCcheck returns a Boolean, zCRCCheckPassed, which is true if the header CRC
check was [passed (see 8.5.3) and is false if the header CRC check fails. The function getpayloadlength
returns zPayloadLength, the number of bytes in the payload segment of a frame. The CODEC process yses
zPayloadLengthrtodetermine thecormrect fengthrof a Teceived frame. See aiso Figure 71 and Figure 72,
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Figure 68 depicts the procedure BYTE_DECODING_A [CODEC_A|.

BYTE_DECODING_A returns T_ByteArray; ﬁ
\
zBitCnt := 0; dcl zBitCnt Integer; L
‘ dcl zBit T_BitLevel;
disable sync edge detect dcl zByte T_ByteArray;

onA

ISO 17458-2:2013(E)

Figu

-

( byte decoding )
\

bit strobed on A (zBit)
\
zByte(zBitCnt) := zBit;
\
zBitCnt := zBitCnt + 1;

zBitCnt ? else—-

I
=8
\
enable sync edge detect
onA

zByte

Figure 68 — Procedure BYTE_DECODING_A [CODEC_A]

re 69 depicts the procedure BSS_DECODING_A [CODEC_A].

Q BSS_DECODING_A D ‘returns Boolean; ﬁ

# dcl zBit T_BitLevel;
( BSS first bit )

‘ bit strobed on A (zBit)

zBit ? LOW——

T
HIGH
|

K BSS second bit )
\

‘ bit strobed on A (zBit)

zBit ? HIGH—
T
LOW
false true

Figure 69 — Procedure BSS_DECODING_A [CODEC_A]
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Figure 70 depicts the macro FES_DECODING_A [CODEC_A].

Q FES_DECODING_A )

( FES first bit )
\

‘ bit strobed on A (zBit)

\
zBit ? HIGH—

[
LUW

|
frame decoded on A
(VRF)

< FES second bit )
\

‘ bit strobed on A (zBit)

zBit ? LOW—
T
HIGH
FES ok decoding error:

Figure 70 — Decoding macro FES_DECQDING_A [CODEC_A]

Figure 71 dppicts the macro PAYLOAD_DECODING_A [CODEC_A|.

PAYLOAD_DECODING_&

‘ zByteCnt ?

= zPayloadLength + 5 ‘
else

zByte = call
BYTE_DECODING_A;

zByteStream(zByteCnt) :=
zByte(0:7);

zByteCnt := zByteCnt + 1,
\
zBssError := call
B5oS_DECUUING A,

zBssError ? false—
N
true “\
\\ |jm— ==
@ @ M decoding error
payload ok decoding error

Figure 71 — Decoding macro PAYLOAD_DECODING_A [CODEC_A]
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Figure 72 depicts the macro TRAILER_DECODING_A [CODEC_A].

TRAILER_DECODING_&

|-

L

zByte := call
BYTE_DECODING_A;

zByteStream(zByteCnt) :=
zByte(0:7);

ISO 17458-2:2013(E)

else

zByteCnt := zByteCnt + 1,

zBssError := call
BSS_DECODING_A;

zBssError ?

\
false
|

zByteCnt ?

|
= zPayloadLength + 7

|
zByte = call
BYTE_DECODING_A,;

zByteStream(zByteCnt) :=
zByte(0:7);

ZCRECheckPassed :=

calNMrameCRCcheck_A
(zByteStream (0:zByteCnt));

\
zCRCCheckPassed ?

T
true

false————————————— P

|
VRF := callgetRF_A
(zByteStream (0:zByteCnt));

FES\DECODING_A

decoding error———

1
FES ok
\

DTS_DECODING_A

O

O

trailer ok

decoding error

Figure 72 — Decoding macro TRAILER_DECODING_A [CODEC_A]

The function frameCRCcheck returns a Boolean, zCRCCheckPassed, which is true if the frame CRC check
was passed (see 8.5.4) and is false if the frame CRC check fails. This function is channel specific due to the
channel specific initialisation vectors of the CRC calculation (see 8.5.4 for details).

The function getRF used in Figure 72 extracts decoded header and payload data from zByteStream and
returns it via the structure variable vRF.
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Figure 73 depicts the macro DTS_DECODING_A [CODEC_A].

DTS_DECODING_A >

v

< DTS first bit

bit strobed on A (zBit)

HIGH zBit ?

\
LOW
< wait for DTS reception end >

bit strobed on A (zBit)

zBit ? LOW

T
HIGH
1

DTS received on A

Figure 73 — Decoding macro\DTS_DECODING_A [CODEC_A]

7.4 Bit strpbing process

7.4.1 Opdrating modes
The receiving node shall strobe,the received data from the BD according to the bit strobing process BITSTRB.
Definition (320) shows the formal definition of the BITSTRB operating modes:
Definition: |T_StrbMede (RO)

newtypé~I StrbMode

literatrs—STANDBY, GO, BT IND;
endnewtype;

The bit strobing process BITSTRB has the following three operating modes.
— Inthe STANDBY mode bit strobing is effectively halted.

— Inthe GO mode the bit strobing process shall be executed.
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— In the BLIND mode the bit strobing process is paused for a configurable interval. After expiration of this
interval the mode is switched automatically to GO.

With the instantiation of the CODEC process the bit strobing process BITSTRB is set in the mode GO and at

any transition of the CODEC process to CODEC:standby the bit strobing process BITSTRB is set to
STANDBY.

7.4.2 Bit strobing process behaviour

Figure 74 depicts the BITSTRB process [BITSTRB_A].

dcl zStrbMode T_StrbMode;
dcl zChannelldle Boolean;

dcl zEnEdgeDetect Boolean;

dcl zEdgeDetectMode Boolean;

dcl z<SampleCounter  Integer;

dcl zVotedVal T_BitLevel;
dcl zPrevVval T_BitLevel;
dcl zPrevStrobedVal  T_BitLevel;
ST timer tignoreAfterTx := gdlgnoreAfterTx * cSamplesPerBit;
ST timer tldle := cChannelldleDelimiter * cSamplesPerBit;

P R
< }\ I see text for requirements on
~~ majority voter at BITSTRB
i : instantiation
oo T ST
( stahdby }\ I see text for requirements on
>~ majority voter when leaving
|
BITSTRB control on A I itfrld_bz ftfu_e __________
(zStrbMode)
STANDBY: zStrbMode ? ‘
T
BLIND GO
| |
set(tignoreAfterTx); set(tldle);
set(tldle); zChannellidle := false;
zChannelldle := false;
potential idle start on A potential idle start on A
-
)/
( blind )
I
tidle tignoreAfterTx
| -
zChannelldle := true;
| zSampleCounter := 1;
zEnEdgeDetect := true;
CHIRP on A # zEdgeDetectMode := true;
- zVotedVal := HIGH;
< wait for voted sample ) zPrevval := HIGH:

zPrevStrobedVal := HIGH;
zStrbMode := GO;

Figure 74 — BITSTRB process [BITSTRB_A]
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The BITSTRB process shall not be instantiated until all stored samples in the majority voter represent the
cVotingSamples most recent samples of the RxD input, i.e., when initially instantiated the BITSTRB process
will immediately begin operation based on real inputs (as opposed to initialisation values of the majority voter).

On a transition out of the BITSTRB:standby state the majority voter shall behave as if it had been continuously
sampling during the entire standby state47).

Figure 75 depicts the state "wait for voted sample" and the handling of input signals received in this state.

[

s . |
wett-ror-votecrsampre

enable sync edge detect disable sync edge detect voted RxD on A tidle
onA onA (zVotedVal)
\
‘ zEdgeDetectMode := true; ‘ ‘ zEdgeDetectMode := false; ‘ CHIRP amA ‘

zEnEdgeDetect := false;

\
# zChannelldle':= true; ‘
true
false
(zEnEdgeDetect = true)
and (zPrevVal = HIGH) zSampleCounter ? else.

and (zVotedVval = LOW) ?

A

= cStrobeOffset

|
bit strobed on A
(zVotedVal)

zVotedVah?

LOW HIGH
1 1

‘ set(tldle);

zEdgeDetectMode ?

b

T
true false
|

zEnEdgeDetect := true;

zChannelldle ?

i

T
false true ‘
|

‘ zChannelldle := falsg; zPrevStrobedVal ?

b

T
LOW HIGH
1

CE start-on A, ‘

idle end on A potential idle start on A ‘

zPrevStrobedVal :=
zVotedVal;

zSampleCounter :=
zSampleCounter + 1,

zSampleCounter ?

> cSamplesPerBit else
|

zSampleCounter := 2;

zEnEdgeDetect := false; zSampleCounter := 1;

Figure 75 — Wait for voted sample [BITSTRB_A]

47) This is not a requirement that an implementation shall actually sample when BITSTRB is in the BITSTRB:standby
state - an implementation that restarted sampling several samples before the transition out of standby would also be
acceptable.
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Figure 76 depicts the BITSTRB process control and process termination [BITSTRB_A].

( % (standby) > ( * >
‘ |
BITSTRB control on A )
(zStrbMode) terminate BITSTRB_A
\
zStrbMode ? STANDBY*‘

7.5

7.5.
The
comn
tran
The)
Def

Def

\ e endom A
else ‘

reset(tignoreAfterTx);
reset(tldle);

y

S B

Figure 76 — BITSTRB process control and process termination [BITSTRB_A]

\Wakeup pattern decoding process

I Operating modes

WUPDEC process is responsible for detecting-wakeups present on the bus. Such wakeups
e from WUPs that are transmitted as part of.the initial FlexRay wakeup process or from WUD(
smitted as part of the wakeup during operation procedure.

wakeup pattern decoding process WUPDEC distinguishes between two modes.
nition (21) shows the WUPDEGE operating modes:

nition: T_WupDecMode

newtype T WupDeeMode

literals STANDBY, GO;
endnewtype;

In thecSTANDBY mode, the wakeup pattern decoding process (WUPDEC) is effectively halted

could either
Ps that are

(21)

mne GU maode, te noae shalil decode Wakeup pPallerTris.
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7.5.2 Wakeup pattern decoding process behaviour

Figure 77 depicts the control of the wakeup pattern decoding process and its termination [WUPDEC_A|.

dcl zBit T_BitLevel;
dcl zLastLevel T_BitLevel,
dcl zWupDecMode T_WupDecMode;

ST timer tWUPWindow := gdWakeupRxWindow * cSamplesPerBit;
ST timer PWLUIPL ow = nd\A/nknupPyl ow * PQamlnIpQDerir'
ST timer tWUPHigh := gdWakeupRxIdle * cSamplesPerBit;

C ) ST

WUPDEC control on A

< standby ) (zWupDecMode)
\
WUPDE[L colﬂrol on A zWupDecMode ? else—>
\
(zZWu Dec‘Mode) STANDBY
|
reset(tWUPLow);
?
zWiipDecMode ~ else— reset(tWUPHigh):
Gb reset(tWUPWindow);

v v ] Y
( bus level evaluation ) ( standby ) ( standby ) ( -

bit stfobed on A

(zLpstLevel)
\
zlastLevel ?
T
HIGH LOW ( )
‘ *
seftWUPHigh); terminate
WUPDEC_A

A

( Wait for idle )

Figure|77 — Control of.the wakeup pattern decoding process and its termination [WUPDEC_A]
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Figure 78 depicts the Control of the wakeup timer [WUPDEC_A|.

( wait for idle, lowl decoding,
[ idlel decoding, low2
decoding, idle2 decoding

bit strobed on A (zBit)

ISO 17458-2:2013(E)

false zBit != zLastLevel ?
T
e
zBit ? ‘
\
HIGH LOW
| \
reset(tWUPLow); set(tWUPLow);
set(tWUPHigh); reset(tWUPHigh);
- |
zLastLevel := zBit;

v

Figure 78 — Control of the wakeup timer [WUPDEC_A]
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Figure 79 depicts the Wakeup pattern decoding [WUPDEC_A].

102

/

wait for idle

tWUPHigh

;

lowl decoding

tWUPLow

set(tWUPWindow);

/

idle1 decoding

tWUPWindow tWUPHigh
\
i
low2 decoding
|
tWUPLow tWUPWindow
/
idle2 decoding
\
tWUPWindow tWUPHigh

Figure 79 — Wakeup pattern decoding [WUPDEC_A]

wakeup decoded on A

reset(tWUPWindow);
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8 Frame Format

8.1 Overview

ISO 17458-2:2013(E)

An overview of the FlexRay frame format is given in Figure 80. The frame consists of three segments. These
are the header segment, the payload segment, and the trailer segment.

Figure 80 depicts the FlexRay frame format.

Reserved bit

Payload preamble indicator
Null frame indicator

Sync frame indicator

Header Segment

Payload Segment

FlexRay Frame 5¢+\(0 ... 254) + 3 bytes

Framep |Paload| Header cycle | patao | pata1 | Data patan | crc | crc | crc
length CRC count
1112|211 11 bits 7 bits 11 bits 6 bits O\ 254 bytes 24)bits
bit | bit | bit | bit | bit [€ > < < < >« >

Trailer fegment

Figure 80— FlexRay frame format

Thelnode shall transmit the frame.on the network such that the header segment appears first, followed by the
payload segment, and then followed by the trailer segment, which is transmitted last. Within the individual
segments the node shall transmit the fields in left to right order as depicted in Figure 80, (in[the header
segfnent, for example, thelreserved bit is transmitted first and the cycle count field is transmitted lagt).

8.2[FlexRay header-segment (5 bytes)

8.2l General

ThelFlexRay header segment consists of 5 bytes. These bytes contain the reserved bit, the paylogd preamble
indi¢ater,” the null frame indicator, the sync frame indicator, the startup frame indicator, the frame ID, the

1l ) 1 ol oo () Il +
pa.y Uald ITTiguld, uic TITautT UING, alfu uic Lytic CUUTIL.
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8.2.2 Reserved bit (1 bit)

The reserved bit is reserved for future protocol use. It shall not be used by the application and is defined as

follows.

A trans

mitting node shall set the reserved bit to logical '0'.

— Arreceiving node shall ignore the reserved bit48).

Definition:

T _Reserved

(22)

synty
co
endsy

8.2.3 Pay

The payloa
segment of

If the fy
a netw

of a me

If the paylg
network ma

If the paylo
manageme
segment.
Definition:
synty

c9
endsy

8.2.4 Null

The null frg

If the fjame is transmitted in the dynamic segment the payload preamble indicator indicates the prese

pe T Reserved Integer

nstants O 1
htype;
oad preamble indicator (1 bit)

H preamble indicator indicates whether or not an optional vector is contained within the payl
the frame transmitted.

ame is transmitted in the static segment the payload preamblé indicator indicates the presenc
prk management vector at the beginning of the payload.

ssage ID at the beginning of the payload.

ad preamble indicator is set to zero then the payload segment of the frame does not conta
nagement vector or a message ID, respectively.

ad preamble indicator is set to one thén the payload segment of the frame contains a nety
ht vector if it is transmitted in the static-segment or a message ID if it is transmitted in the dyng

T _PPIndicator

pbe T PPIndicator
nstants O 1
htype;

Integer

frame indicator (1 bit)

yme’ indicator indicates whether or not the frame is a null frame, i.e. a frame that containg

oad
e of
nce
in a

vork
mic

D3)

no

useable data in the payload segment of the frame#9). The conditions under which a transmitting node may

48) The receiving node uses the value of the reserved bit for the Frame CRC checking process, but otherwise ignores its

value (i.
The null frame indicator indicates only whether payload data was available to the communication controller at the

49)

e., the receiver shall accept either a 1 or a 0 in this field).

time the frame was sent. A null frame indicator set to zero informs the receiving node(s) that data in the payload
segment shall not be used. If the bhit is set to one data is present in the payload segment from the transmitting
communication controller's perspective. The receiving node may still have to do additional checks to decide whether
the data is actually valid from an application perspective.
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send a null frame are detailed in clause 9. Nodes that receive a null frame may still use some information
related to the frame30),

— If the null frame indicator is set to zero then the payload segment contains no valid data. All bytes in the
payload segment are set to zero, and the payload preamble indicator is set to zero.

— If the null frame indicator is set to one then the payload segment contains data.

Definition: T_NFIndicator (24)

syvntvpe TiNFIndioafor = Integer
constants 0 : 1
endsyntype;

8.2.p Sync frame indicator (1 bit)

The| sync frame indicator indicates whether or not the frame is a sync frame) i.e. a frame that i utilized for
system wide synchronisation of communication®2).

— |If the sync frame indicator is set to zero then no receiving node shall consider thg frame for
synchronisation or synchronisation related tasks.

— |If the sync frame indicator is set to one then all receiving*hodes shall utilize the frame for syn¢hronisation
if it meets other acceptance criteria (see below).

Thel clock synchronisation mechanism (described in ¢lause 12) makes use of the sync frame indi¢ator. There
are geveral conditions that result in the sync framedndicator being set to one and subsequently utflized by the
clogk synchronisation mechanism. Details of how:the node shall set the sync frame indicator are |specified in
clause 9 and 12.8.
Def|nition: T_SyFIndicator (25)
syntype T SyFIndicator\s 'Integer

constants 0 : 1
endsyntype;

8.2.p Startup frame indicator (1 bit)

Thel startup frame indicator indicates whether or not a frame is a startup frame. Startup frames serye a special
role|in the-startup mechanism. Only coldstart nodes are allowed to transmit startup frames.

— LUf'the startup frame indicator is set to zero then the frame is not a startup frame.

— If the startup frame indicator is set to one then the frame is a startup frame.

The startup frame indicator shall only be set to one in the sync frames of coldstart nodes. Therefore, a frame
with the startup frame indicator set to one shall also have the sync frame indicator set to one. As a result, all
valid startup frames are also sync frames.

50) For example, the clock synchronisation algorithm will use the arrival time of null frames with the Sync frame indicator
set to one (provided all other criteria for that frame's acceptance are met).
51) Sync frames are only sent in the static segment. Please refer to the rules to configure sync frames.
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The startup (described in clause 11) and clock synchronisation (described in clause 12) mechanisms utilize
the startup frame indicator. In both cases, the condition that the startup frame indicator is set to one is only
one of several conditions necessary for the frame to be used by the mechanisms. Details regarding how the

node sets the startup frame indicator are specified in clause 9 52),

Definition: T_SuFIndicator (26)

syntype T SuFIndicator = Integer
constants 0 : 1
endsyntype;

8.2.7 Frar[;e ID (11 bits)

The frame ID defines the slot in which the frame should be transmitted. A frame ID is used no:more than d
on each channel in a communication cycle. Each frame that may be transmitted in a cluster has a fram
assigned toit.

The frame J|D ranges from 1 to 2 04753). The frame ID 0 is an invalid frame ID%4),Fhe node shall transmit
frame ID syich that the most significant bit of the frame ID is transmitted first ‘with the remaining bits of
frame ID bding transmitted in decreasing order of significance.

Definition: |T_FramelD (

syntype T FrameID = Integer

cdnstants 0 : 2047 59
endsyhtype;

8.2.8 Pay|oad length (7 bits)

The payloaf length field is used to indicate the size of the payload segment. The payload segment siZ
encoded in| this field by setting it to the_number of payload data bytes divided by two (e.g., a frame
contains a payload segment consisting(oh 72 bytes would be sent with the payload length set to 36)%6).

The paylogd length ranges from._0 to cPayloadLengthMax57) which corresponds to a payload segn
containing 2 * cPayloadLengthMax bytes.

The payloafl length shall_bé“fixed and identical for all frames sent in the static segment of a communicg
cycle. For [these frames' the payload length field shall be transmitted with the payload length se
gPayloadLgngthStatic,

nce
b 1D

the
the

D7)

e is
that

hent

tion
t to

52)

53)
54)

55)
56)

57)
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The configuration of exactly three nodes in a cluster as coldstart nodes avoids the formation of cliques during startup
for several fault scenarios. It is also possible to configure more than three nodes as coldstart nodes but the clique
avoidance mechanism will not work in this case.

In binary: from (000 0000 0001), to (111 1111 1111)5.

The frame ID of a transmitted frame is determined by the value of vSlotCounter(Ch) at the time of transmission (see
clause 13). In the absence of faults, vSlotCounter(Ch) can never be zero when a slot is available for transmission.
Received frames with frame ID zero will always be identified as erroneous because a slot ID mismatch is a certainty
due to the fact that there is no slot with ID zero.

Frame IDs range from 1 to 2 047. The zero is used to mark invalid frames, empty slots, etc.

The payload length field does not include the number of bytes within the header and the trailer segments of the
FlexRay frame.

The electrical physical layer puts a restriction on the usable payload such that the overall transmission duration is
limited (see ISO 17458-4. It may restrict the payload length at 2,5 and 5 Mbit/ s. For details please refer to B.4.41
and B.4.42.
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The payload length may be different for different frames in the dynamic segment of a communication cycle. In
addition, the payload length of a specific dynamic segment frame may vary from cycle to cycle. Finally, the
payload lengths of a specific dynamic segment frame may be different on each configured channel.

The node shall transmit the payload length such that the most significant bit of the payload length is
transmitted first with the remaining bits of the payload length being transmitted in decreasing order of

significance.
Definition: T_Length (28)

syntype T Length = Integer

constants 0 cPayloadLengthMax

endsyntype;
8.2.p Header CRC (11 bits)
The| header CRC contains a cyclic redundancy check code (CRC) that isTeomputed over the |sync frame
indi¢ator, the startup frame indicator, the frame ID, and the payload length,"The CC shall not cplculate the
heafler CRC for a transmitted frame. The header CRC of transmitted frames is computed offline ahd provided
to the CC by means of configuration (i.e., it is not computed by the transitting CC)®8). The CC shall calculate
the header CRC of a received frame in order to check that the CRE-S. correct.
The| CRC is computed in the same manner for all configured channels. The CRC polynomial®® shdll be
X+ x + x + x +x2+ 1=+ DG X+ DO+ X+ 3+ x D
Thelinitialisation vector of the register used to generate the header CRC shall be Ox01A.
With respect to the computation of the header CRC, the sync frame indicator shall be shifted in fifst, followed
by the startup frame indicator, followed.by:the most significant bit of the frame ID, followed by subsequent bits
of the frame ID, followed by the most ‘significant bit of the payload length, and followed by subsequent bits of
the payload length.
The| node shall transmit the header CRC such that the most significant bit of the header CRC is|transmitted
firstjwith the remaining bitsaf.the header CRC being transmitted in decreasing order of significance.
A detailed descriptionCoef*how to generate and verify the header CRC is given in 8.5.3.
Def|nition: T_HeaderCRC (29)

syntype T HeaderCRC = Integer

aonstants 0 2047
endsyntype;

58) For a given frame in the static segment the values of the header fields covered by the CRC do not change during the

59)

operation of the cluster in the absence of faults. Implicitly, the CRC does not need to change e

ither. Offline

calculation of the CRC makes it unlikely that a fault-induced change to the covered header fields will also result in a

frame with a valid header CRC (since the CRC is not recalculated based on the modified header fields).

This 11 bit CRC polynomial generates a (31,20) BCH code that has a minimum Hamming distance of 6. The
codeword consists of the data to be protected and the CRC. In this application, this CRC protects exactly 20 bits of

data (1 sync frame indicator bit + 1 startup frame indicator bit + 11 frame ID bits + 7 payload length bits =
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8.2.10 Cycle count (6 bits)

The cycle count indicates the transmitting node's view of the value of the cycle counter vCycleCounter at the
time of frame transmission (see subclauses 9.3.3.2 and 9.3.4.2).

The node shall transmit the cycle count such that the most significant bit of the cycle count is transmitted first
with the remaining bits of the cycle count being transmitted in decreasing order of significance.

Definition: T_CycleCounter (30)

synty =
CcO
endsy

pe T CycleCounter
nstants O 63
htype;

Integer

8.2.11 Formal header definition

The formal d in

Figure 80 y

definitions of the fields in the previous subclauses and the header segment structure depicte

eld the following formal definition for the header segment:

Definition: |T_Header 31)

newty

struc
Rg
PB
NF
SY
Sy
Fn
Lg
He
Cy|

be T Header

served T Reserved;
Indicator T PPIndicator;
Indicator T NFIndicator;
FIndicator T SyFIndicator;
FIndicator T SuFIndicator;
ameID T FramelD;

ngth T Length;

aderCRC T HeaderCRC;
cleCount T CycleCounter;

endne

8.3 FlexRa

8.3.1 Pay

The FlexRg
payload ler
bytes. The

Wtype;

1y payload segment-(0 — 254 bytes)
oad

y payload segment contains 0 to 25460 pytes (0 to 127 two-byte words) of data. Because
gth contains the number of two-byte words, the payload segment contains an even numbe

bytés of the payload segment are identified numerically, starting at O for the first byte after

the
r of
the

header segent and increasing by one with each subsequent byte. The individual bytes are referred t¢ as
"Data 0", "Data 1", "Data 2", efc., with "Data 0" being the Tirst byte of the payload segment, 'Data 1" being the
second byte, etc.

The frame CRC described in subclause 8.5.4 has a Hamming distance of six for payload lengths up to and
including 248 bytes. For payload lengths greater than 248 bytes the CRC has a Hamming distance of four.

For frames transmitted in the dynamic segment the first two bytes of the payload segment may optionally be
used as a message ID field, allowing receiving nodes to filter or steer data based on the contents of this field.

60) The electrical physical layer puts a restriction on the usable payload such that the overall transmission duration is
limited (see 1SO 17458-4). It may restrict the payload length at 2,5 and 5 Mbit / s. For details please refer to B.4.41
and B.4.42.
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The payload preamble indicator in the frame header indicates whether the payload segment contains the
message ID.

For frames transmitted in the static segment the first 0 to 12 bytes of the payload segment may be used as a
network management vector. The payload preamble indicator in the frame header indicates whether the
payload segment contains the network management vector®l). The length of the network management vector
gNetworkManagementVectorLength is configured during the POC:config state and cannot be changed in any
other state. gNetworkManagementVectorLength can be configured between 0 and 12 bytes, inclusive.

Starting with payload "Data 0" the node shall transmit the bytes of the payload segment such that the most
significant bit of the byte is transmitted first with the remaining bits of the byte being transmitted in decreasing
ordgr of significance®2),

Thel| product specific host interface specification determines the mapping between the position of pytes in the
buffer and the position of the bytes in the payload segment of the frame.

Def(nition: T_Payload (32)
newtype T Payload

Array (T _Length, Integer)
endnewtype;

8.3.2 NMVector

A npmber of bytes in the payload segment of the FlexRay frame format in a frame transmitted |n the static
segfnent can be used as Network Management Vector (NMVector).

— |The length of the NMVector is -\configured during POC:config by the | parameter
gNetworkManagementVectorLength. All,nodes in a cluster shall be configured with the same value for
this parameter.

— | The NMVector may only be used inframes transmitted in the static segment.
— | At the transmitting node the“NMVector is written by the host as application data. The compmunication
controller has no knowledge about the NMVector and no mechanism inside the communicatign controller
is based on the NMVettor except the ORing function described in subclause 13.3.3.4.

— | The optional presence of NMVector is indicated in the frame header by the payload preamble |ndicator.

— | The bits inta~byte of the NMVector shall be transmitted such that the most significant bit pf a byte is
transmitted first followed by the remaining bits being transmitted in decreasing order of significance.

— |The least significant byte of the NMVector is transmitted first followed by the remaining bytes in
inCreasing order of significance63).

Figure 81 depicts the payload segment of frames transmitted in the static segment.

61) Frames that contain network management data are not restricted to contain only network management data - the
other bytes in the payload segment may be used to convey additional, non-Network Management data.

62) If a message ID exists, the most significant byte of the message ID is transmitted first followed by the least significant
byte of the message ID. If no message ID exists the transmission starts with the first payload data byte (Data 0)
followed by the remaining payload data bytes.

63) This allows lower bits to remain at defined positions if the length of the NMVector changes.
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NM 0 | NM 1 NM 2
— — —_— —1— — Data n

Data0 Datal | DataO

0 ... 254 bytes

A
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Payload Segment

Figure 81 — Payload segment of frames transmitted in the static segment
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b bytes of the payload segment of the FlexRay frame format for frames transmitted inithe dyna
n be used as receiver filterable data called the message ID.

bssage ID can only be used in frames transmitted in the dynamic segment.
bssage ID is 16 bits long.

ransmitting node the message ID is written by the host as application data. The protocol en
knowledge about the message ID and no mechanism dnside the protocol engine is based on
he 1D.

eceiving node the storage of a frame may depend on the result of a filtering process that m4g
he message ID. All frame checks done in Frame Processing (see clause 10) are unmodified
I a function of the message ID). The usé~of the message ID filter is defined in subcls
11.3.6.

bsence or absence of a message~ID'is indicated in the frame header by the payload prean
nechanism is used, the mast significant bit of the MessagelD shall be placed in the most signifi
e first byte of the payload.segment. Subsequent bits of the message ID shall be placed in the

| bits in order of decreasing significance.

bpicts the payloadsegment of frames transmitted in the dynamic segment.
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Figure 82 — Payload segment of frames transmitted in the dynamic segment
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8.4 FlexRay trailer segment
The FlexRay trailer segment contains a single field, a 24-bit CRC for the frame.

The Frame CRC field contains a cyclic redundancy check code (CRC) computed over the header segment
and the payload segment of the frame. The computation includes all fields in these segments®4).

The CRC is computed using the same generator polynomial on both channels. The CRC polynomial®%) shall
be

X4 4+ %22 + x20 4 x19 4 x18 4 %16 4 14 4 x18 4 1T 4 x10 4 %8 4+ x7 4+ X6+ %3+ x
+1f= (X + 1) * (XM + x% + X + X+ x0T x5 X+
x" F x® + x3 +1)

+ o

The| node shall use a different initialisation vector depending on which channgel-the frame| should be
transmitted 6)

— | The node shall use the initialisation vector OXFEDCBA for frames sent of_channel A.
— | The node shall use the initialisation vector OXABCDEF for frames sent on channel B.
With respect to the computation of the frame CRC, the frame fields shall be fed into the CRC generator in
network order starting with the reserved bit, and ending with, the least significant bit of the last|byte of the

payload segment.

The|frame CRC shall be transmitted such that the most:Significant bit of the frame CRC is transmit{ed first with
the femaining bits of the frame CRC being transmitted\in decreasing order of significance.

A d¢tailed description of how to generate or verify'the Frame CRC is given in subclause 8.5.4.
Definition: T_FrameCRC (33)
syntype T FrameCRC = Integer

constants 0x00000Q_ ' OXFFFFFF
endsyntype;

8.5|CRC calculation‘/details

8.5.l Contextof the CRC calculation

The| behaviour of the CODEC while processing a received frame depends on whether or not the received
heaper-and frame CRCs are verified to match the values locally calculated using the actual frame data (see

FIgLIC 67 G.Ild :_IHUIU 72). Thc CCDEC G:OU G'J'JUIICIIO thU CRC mi thC tl GI:CI JCgIIICI It \Jf A tl Aol ||tted frame
(see subclause 7.2.1.2.6). The algorithm executed to calculate the CRC is the same in all cases except for the
initial values of several algorithm parameters.

64) This includes the header CRC, as well as any Communication Controller-generated "padding" bytes that may be
included in the payload segment.

65) This 24-bit CRC polynomial generates a code that has a minimum Hamming distance of 6 for codewords up to
2 048 bits in length and a minimum Hamming distance of 4 for codewords up to 4 094 bits in length. The codeword
consists of all frame data and the CRC. This corresponds to H=6 protection for FlexRay frames with payload lengths
up to 248 bytes and H=4 protection for longer payload lengths.

66) Different initialisation vectors are defined to prevent a node from communicating if it has crossed channels,
connection of a single channel node to the wrong channel, or shorted channels (both controller channels connected
to the same physical channel).
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8.5.2 CRC calculation algorithm

Initialize the CRC shift register with the appropriate initialisation value. As long as bits (vNextBit) from the
header or payload segment of the frame are available the while-loop is executed. The number of bits available
in the payload segment is derived from the payload length field. The bits®7) of the header and payload
segments are fed into the CRC register by using the variable vNextBit, bit by bit, in network order, e.g., for the
FlexRay frame CRC calculation the first bit used as vNextBit is the reserved bit field, and the last bit used is
the least significant bit of the last byte of the payload segment.

The following pseudo code summarizes the CRC calculation algorithm:

vCrcR
while
/)
//
//

v(Q

/)

v(Q
vQ

//

if

en
end;

8.5.3 Heaq|

Among its
improper m
controller ((
CRC field f

frame by th

When a CQ
received arj
from each
calculate th

FlexRay hg

bg (vCrcSize - 1

vCrcInit;

0) // Initialize the CRC register

(vNextBit)

determine if the CRC polynomial has to be applied by taking

the exclusive OR of the most significant bit of the CRC register
and the next bit to be fed into the register

rcNext vNextBit

EXOR vCrcReg(vCrcSize - 1);

Shift the CRC register left by one bit

1) €

(vCrcSize - 1

rcReg vCrcReg (vCrcSize - 2

rcReg (0)
Apply the CRC polynomial if necessary

vCrcNext

vCrcReg (vCrcSize - 1
vCrcReg (vCrcSize - 1

d; // end if

/ end while loop

0)
EXOR yCrcPolynomial;

der CRC calculation

pther uses, the header CRC_field of a FlexRay frame is intended to provide protection aga
odification of the sync frame)indicator or startup frame indicator fields by a faulty communicg

pr that frame. Rather{ the CC shall be configured with the appropriate header CRC for a g
2 host©8).

receives a frame it shall perform the header CRC computations based on the header field va
d check the-computed value against the header CRC value received in the frame. The fra
channellare’ processed independently. The algorithm described in subclause 8.5.2 is use
b header CRC. The parameters for the algorithm are defined as follows:

ader CRC calculation algorithm parameters:

linst
tion

CC). The CC that is responsible for transmitting a particular frame shall not compute the header

ven

ues
mes
0 to

vCrcSize
vCrcInit

// (= 11)
// (= 0x1A)
// CRC for both channels

cHCrcSize;
cHCrcInit;

67)

size of the register is 11 bits
initialisation vector of header

Transmitting nodes use the bit sequence that will be fed into the coding algorithm (see clause 7), including any

controller generated padding bits. Receivers use the decoded sequence as received from the decoding algorithm

(i.e., aft
68)

er the removal of any coding sequences (e.g. Byte Start Sequences, Frame Start Sequences, etc.)).

This makes it unlikely that a fault in the CC that causes the value of a sync or startup frame indicator to change

would result in a frame that is accepted by other nodes in the network because the header CRC would not match.
Removing the capability of the transmitter to generate the CRC minimizes the possibility that a frame that results
from a CC fault would have a proper header CRC.
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vCrcPolynomial = cHCrcPolynomial; // (= 0x385) hexadecimal representation of
// the header CRC polynomial

The results of the calculation (vCrcReg) are compared to the header CRC value in the frame. If the calculated
and received values match the header CRC check passes, otherwise it fails.

8.5.4 Frame CRC calculation

The Frame CRC calculation is done inside the communication controller before transmission or after reception
of aframe It is part of the frame transmission process and the frame reception process

Whe¢n a CC receives a frame it shall perform the frame CRC computations based on the header and payload
field values received and check the computed value against the frame CRC value receivedin the flame.

The| frames from each channel are processed independently. The algorithm described in 8.5.2 is used to
caldulate the header CRC. The parameters for the algorithm are defined as follows:

FlexRay frame CRC calculation algorithm parameters - channel A:

vCrcSize = cCrcSize; // (= 24) size é&f“the register is 24 bits

vCrcInit = cCrcInit[A]; // (= O0xFEDCBA)Jinitialisation vector of
// channel A

vCrcPolynomial = cCrcPolynomial; // (= 0x5D6DCB) hexadecimal represgntation

// of th& CRC polynomial

FlexRay frame CRC calculation algorithm parametefs - channel B:

vCrcSize = cCrcSize; 7/ (= 24) size of the register is 24 bits

vCrcInit = cCrcInit[B]; // (= O0xABCDEF) initialisation vector of
// channel B

vCrcPolynomial = cCrcPolynomial; // (= 0x5D6DCB) hexadecimal represgntation

// of the CRC polynomial
Thelresults of the calculation (VCrcReg) are compared to the frame CRC value in the frame on the|appropriate
chapnel. If the calculated and-received values match the frame CRC check passes, otherwise it fails.
Thel frame CRC valué\used in the trailer segment of a transmitted frame is calculated using the same

algqrithm and the same algorithm parameters, but it is calculated using the data content of the frame to be
transmitted.

9 |Media Access Control

9.1 Principlies

9.1.1 Overview
In the FlexRay protocol, media access control is based on a recurring communication cycle. Within one

communication cycle FlexRay offers the choice of two media access schemes. These are a static time division
multiple access (TDMA) scheme, and a dynamic mini-slotting based scheme.

9.1.2 Communication cycle

The communication cycle is the fundamental element of the media access scheme within FlexRay. It is
defined by means of a timing hierarchy.
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The timing hierarchy consists of four timing hierarchy levels as depicted in Figure 83.
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Figure 83 — Timing hierarchy within the communication cycle

t level, the communication cycle level, defines .thé€ communication cycle. It contains the s
e dynamic segment, the symbol window and the,hetwork idle time (NIT). Within the static segn
b division multiple access scheme is used te\arbitrate transmissions as specified in 9.3.3. W
segment a dynamic mini-slotting basedsscheme is used to arbitrate transmissions as specifig
ymbol window is a communication periéd in which a symbol can be transmitted on the networ
9.3.5. The network idle time is a communication-free period that concludes each communic3
ecified in 9.3.6.

ver level, the arbitration grid-level, contains the arbitration grid that forms the backbone of Flex
ation. In the static segméntthe arbitration grid consists of consecutive time intervals, called s
dynamic segment the@rbitration grid consists of consecutive time intervals, called minislots.

ion grid level builds on the macrotick level that is defined by the macrotick. The macrotig
clause 12. DeSighated macrotick boundaries are called action points. These are specific inst

at which transmissionsshall start (in the static segment, dynamic segment and symbol window) and shall

(only in the

The lowest

dynamic Segment).

evel in the hierarchy is defined by the microtick, which is described in clause 12.
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9.1.3 Communication cycle execution

Apart from during startup the communication cycle is executed periodically with a period that consists of a
constant number of macroticks. The communication cycles are numbered from 0 to gCycleCountMax.

Arbitration within the static segment and the dynamic segment is based on the unique assignment of frame
identifiers to the nodes in the cluster for each channel and a counting scheme that yields numbered
transmission slots. The frame identifier determines the transmission slot and thus in which segment and when
within the respective segment a frame shall be sent. The frame identifiers range from 1 to cSlotIDMax.

The communication cycle always contains a static segment. The static segment contains a configurable
number gNumberOfStaticSlots of static slots. All static slots consist of an identical number of macroticks.

114 © 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

The communication cycle may contain a dynamic segment. The dynamic segment contains a configurable
number gNumberOfMinislots of minislots. All minislots consist of an identical number of macroticks. If no
dynamic segment is required it is possible to configure gNumberOfMinislots to zero minislots.

The communication cycle may contain a symbol window. The symbol window contains a configurable number
gdSymbolWindow of macroticks. If no symbol window is required it is possible to configure gdSymbolWindow
to zero macroticks.

The communication cycle always contains a network idle time. The network idle time contains the remaining
number of macroticks within the communication cycle that are not allocated to the static segment, dynamic
segment, or symbol window.

The

Figu

constraints on the configuration of the communication cycle are defined in Annex B.

re 84 illustrates the overall execution of the communication cycle.
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Figure 84 — Time base triggered communication cycle

node shall/maintain a cycle counter vCycleCounter that contains the number of
munication, cycle. Initialisation and maintenance of the cycle counter are specified in clause 12

media-access procedure is specified by means of the Media Access Control process for cha

b shall contain an equivalent Media Access Control process for channel B.

he current

nhnel A. The
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9.1.4 Static segment

9.1.4.1  Structure of the static segment
Within the static segment a static time division multiple access scheme is applied to coordinate transmissions.

In the static segment all communication slots are of identical, statically configured duration and all frames are
of identical, statically configured length. For communication within the static segment the following constraints

apply.

If a node-has-a |1Q\Jl slot or |IQ\JI clnfc, that node shall transmit a frame in the |1Q\Jl clnf(c) on-all-connected

channgls in all communication cycles.
— In slotd other than the key slot(s), frames may be transmitted on either channel, or on both.
— In a giyen communication cycle, no more than one node shall transmit a frame with a given’frame ID ¢n a
given dhannel. It is allowed, however, for different nodes to transmit frames with the\same frame II) on

the same channel in different communication cycles.

— If a nop-sync node is configured to enter key slot mode after startup (i.e., pKkeySlotOnlyEnabled is true)
the node shall designate one frame as the key slot frame via the parameterpKeySlotID.

9.1.4.2 Hxecution and timing of the static segment

In order to $chedule transmissions each node maintains a slot counter 'state variable vSlotCounter for chapnel
A and a slot counter state variable vSlotCounter for channel B. Beth slot counters are initialized with 1 af the
start of each communication cycle and incremented at the end.boundary of each slot.

Figure 85 illustrates all transmission patterns that are possible for a single node within the static segment. In

slot 1 the ngpde transmits a frame on channel A and a frame on channel B. In slot 2 the node transmits a frame
only on chahnel A®9). In slot 3 no frame is transmitted-on either channel.

slot counter channel A

1 2 3
channel A ||| frame ID 1 ! \ framed2 | | | ceceeaaa ¢
channel B ||| frame ID4 S N O TEO OO

1 2 3

AN
slot\counter channel B
static slot 1 static slot 2 static slot 3
static segment containing gNumberOfStaticSlots static slots
- -

Figure 85 — Structure of the static segment

The number of static slots gNumberOfStaticSlots is a global constant for a given cluster.

69) Analogously, transmitting only on channel B is also allowed.
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All static slots consist of an identical number of gdStaticSlot macroticks. The number of macroticks per static
slot gdStaticSlot is a global constant for a given cluster.

For any given node one or two79 static slots (as defined in pKeySlotID and, in some cases, pSecondKey-
SlotID) may be assigned to contain sync frames (as identified by pKeySlotUsedForSync), a special type of
frame required for synchronisation within the cluster. Specific sync frames may be assigned to be startup
frames (as identified by pKeySlotUsedForStartup).

Figure 86 depicts the timing within the static segment.

channel idle channekidle
channel active delimiter channel idle channel active delimiter channel idle
4{ frame ID 1 } = } frame ID 2 } I
‘ — static slot action point —— ‘
L T | I D [
action action
point point
offset offset
static slot static slot
slot 2
cqunter
microtick — | | N7 | ] ]|
slot-1 slot 2

Figure 86 = Timing within the static segment

Each static slot contains an-action point that is offset from the start of the slot by gdActionPointOffset
magroticks. In the static segment frame transmissions start at the action point of the static slot. Thé number of
magroticks contained in the-action point offset gdActionPointOffset is a global constant for a given ¢luster.

9.1.6 Dynamic seégment

9.1.6.1  Stfucture of the dynamic segment

WitTin the'dynamic segment a dynamic mini-slotting based scheme is used to arbitrate transmissigns.

In the dynamic segment the duration of communication slots may vary in order to accommodate frames of
varying length. Frame lengths can be different for different slots in the same communication cycle, and can
also be different for slots with the same identifier in different communication cycles.

For communication within the dynamic segment the following constraints apply.

— Sync frames, startup frames, and null frames are not allowed.

70) Clusters using the TT-D synchronisation mode have only one such slot, specified by pKeySlotID. Coldstart nodes of
clusters using the TT-E or TT-L synchronisation modes have two such slots, identified by pKeySlotID and
pSecondKeySlotID.
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— In a given communication cycle, transmission of a given frame may be attempted on either channel, on
both channels, or on neither channel”Y). Due to the independent nature of the channel-dependent media
access processes it is possible that frame transmission that is attempted on both channels may be
successful on one channel but unsuccessful on the other. It is also possible that a frame successfully
transmitted on both channels is transmitted at different points in time on the different channels.

— In a given communication cycle, no more than one node shall transmit a frame with a given frame ID on a
given channel. It is allowed, however, for different nodes to transmit frames with the same frame ID on
the same channel in different communication cycles.

conseduence, a node's key slot frames (as determined by the parameter
dKeySlotID) cannot be sent in the dynamic segment.

9.1.5.2 Hxecution and timing of the dynamic segment

In order to|schedule transmissions each node continues to maintain the two slot counterS - one for €
channel - throughout the dynamic segment. While the slot counters for channel A and for channel B
incremente@ simultaneously within the static segment, they may be incremented independently accordin

the dynami

Figure 87 outlines the media access scheme within the dynamic segment./As-illustrated in Figure 87, m
access on the two communication channels may not necessarily occur simultaneously. Both communicg
channels dg,

The numbef

channel A

arbitration scheme within the dynamic segment.

however, use common arbitration grid timing that is based‘on minislots.

of minislots gNumberOfMinislots is a global constant forda given cluster.
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/
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dynamic segment containing gNumberOfMinislots minislots

fransmission may only start within the first pLatestTx minislots of the dynamic segment

Eigure 87 — Structure of the dynamic segment

Each minislot contains an identical number of gdMinislot macroticks. The number of macroticks per minislot
gdMinislot is a global constant for a given cluster.

71) In the dynamic segment a node can choose not to transmit in a particular slot even if it is the assigned owner of the
slot. This may be contrasted with the static segment, where a node shall always send some type of frame (non-null

or null)
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if it is the assigned owner of a slot.
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Within the dynamic segment a set of consecutive dynamic slots that contain one or multiple minislots are
superimposed on the minislots. The duration of a dynamic slot depends on whether or not communication, i.e.
frame transmission or reception, takes place. The duration of a dynamic slot is established on a per channel
basis.

Figure 87 illustrates how the duration of a dynamic slot adapts depending on whether or not communication
takes place.

The node performs slot counting in the following way.

— The dynamic slot consists of one minislot if no activity takes place on the channel, i.e. the communication
channel is in the channel idle state throughout the corresponding minislot.

— | The dynamic slot consists of one or more minislots if activity takes place on the channel-If this activity is
a legitimate frame transmission (as opposed to noise) the slot will consist of at least two minisipts.

Each minislot contains an action point that is offset from the start of the minislot. With the possible exception
of the first dynamic slot (explained below), this offset is gdMinislotActionPointQffset macroticks. The number
of macroticks within the minislot action point offset gdMinislotActionPointOffset, is ‘a global constan{ for a given
cluster.

Figdre 88 depicts the detailed timing of a minislot.

minislot
macrotick J R ==s L
1
minislot
action point

|
mihislot action point offset
gdMinislotActionPointOffset

minislot
gdMinislot

Figure 88 — Timing within a minislot

In the dynamiic segment, frame transmissions start at the minislot action point of the first minislot of the
corresponding dynamic slot. In the dynamic segment, frame transmissions also end at a minislot action point.
Thig is‘aehieved by means of the dynamic trailing sequence (DTS) as specified in clause 7.

In contrast to a static slot, the dynamic slot consists of two distinct phases - a mandatory dynamic slot
transmission phase and an optional dynamic slot idle phase.

The dynamic slot transmission phase extends from the start of the dynamic slot to the end of the last minislot
in which the transmission terminates. The dynamic slot idle phase is an optional phase that extends from the
end of the dynamic slot transmission phase to the end of the dynamic slot. Both the dynamic slot transmission
phase and the dynamic slot idle phase (if it exists) consist of an integral number of minislots.

The optional dynamic slot idle phase is defined as a communication-free phase that provides additional time

to allow all nodes to complete idle detection within the dynamic slot. A dynamic slot idle phase is not always
required - in some cases the time difference between the point at which transmission ends (which always
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occurs at a minislot action point) and the end of the minislot is sufficient to allow all nodes in the system to
detect idle - such systems do not require a dynamic slot idle phase.

In some cases, however, the time after the minislot action point would be insufficient to ensure that all nodes
in the system can detect idle within the dynamic slot. In such systems, every dynamic slot actually used for
transmission is extended by a dynamic slot idle phase, allowing all nodes to detect idle within the dynamic

slot.
Figure 89 depicts the structure of a dynamic slot that makes use of a dynamic slot idle phase.
channel idle channel idle
channel active delimiter channel idle  channel active delimiter ~ €hannel
{ frame ID m } = } frame ID m+3 } =
i/ minislot action —__ i/ minislot action —__
point point
minislot | soeemmemceanaae. e e I e
dynamic slot dynamic slot
transmission phase transmission phase
<> - P
dynamic slot (ds) ds ds dynamic slot
- L B B >
slot m m+l m+2 m+3
counter
dynamic slot  slot counter incremented at dynamic slot
idle phase  the end of each dynamic slot idle phase

The start of the dynamic segment requires particular attention. The first action point in the dynamic segn
CtionPointOffset macroticks afterthe end of the static segment if gdActionPointOffset is larger than
gdMinislotActionPointOffset else it occurs gdMinislotActionPointOffset macroticks after the end of the s

occurs gdA

segment’2)

Figure 89 — Structure of dynamic slots

dle
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tatic

72) This ensures that the duration of the gap following the last static frame transmission is at least as large as the gaps

betwee
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n successive frames within the static segment.
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The two cases are illustrated in Figure 90.
minislot minislot
macrotick | | ==* -- [ macrotick | | === [ [ |--- -- [
minislot minislot
action point action point
| |
gdMinislotActionPointOffset dynamic seg- gdMinislotActionPointOffset
ment offset
gevinisiot gevhirisiot
- -
gdActionPointOffset gdActionPointOffset
- RENPYL2
last static slot first dynamic slot last static slot firstdynamic slgt
static segment dynamic segment static segment dynamic segmen
@ (b)
gdActionPointOffset <= gdMinislotActionPointOffset gdActionRointOffset > gdMinislotActionPojntOffset
Figure 90 — Timing at the boundary betweén\the static and dynamic segments
The| node performs slot counter housekeeping on a per.channel basis. At the end of every dynamic slot the
nodp generally increments the slot counter vSlotCoufiter by one?3). This is done until either
— |the channel's slot counter has reached cSletiIDMax, or
— |the dynamic segment has reached the.minislot gNumberOfMinislots, i.e. the end of the dynam|c segment.
Onge one of these conditions is met the node sets the corresponding slot counter to zero for the remainder of
the pommunication cycle.
Thel arbitration procedure enstres that all fault-free receiving nodes implicitly know the dynamic glot in which
the fransmission starts. Eurther, all fault-free receiving nodes also agree implicitly on the minislot in which slot
coupting is resumed.cAs a result, the slot counters of all fault-free receiving nodes match the slof counter of
the fault-free transmiitting node and the frame identifier contained in the frame.
The| arbitration\af the dynamic segment relies heavily on the assumption that all CE start, potentjal idle start
and| CHIRR:signals are generated in response to legitimate frame transmissions by other nodes. Should
distyirbances on the physical layer make it through the majority voting, this may be violated. As a

con

equence, it may occur that different nodes in the cluster have different notions of the slot cg

unter value

for & given minislot

Such a situation can also arise, for example, if the BD of a node is temporarily prevented from reception
during a portion of the dynamic segment (i.e. by overtemperature or undervoltage conditions). Dynamic
segment desynchronisation can also occur in certain situations where noise asymmetrically affects reception
in the dynamic segment”4),

73)

74)

Under special circumstances, the node may increase the slot counter by two to prevent a desynchroni
counters due to disturbances on the physical link.

sation of slot

This can occur in some situations even though the MAC process in the dynamic segment has several mechanisms to

prevent desynchronisation when such noise exists.
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When slot counter desynchronisation does occur in the dynamic segment its effect is limited to the specific
instance of the dynamic segment. In other words, such desynchronisation will not affect the operation of the
static segment or the overall clock synchronisation of the network, and will automatically be corrected at the
end of the dynamic segment in which it occurred. The system designer should be aware of the possibility that

slot counter

desynchronisation could occur in the dynamic segment.

The MAC has the ability to correct certain fault scenarios where activity caused by noise on the physical layer
is shorter than cFrameThreshold bits and also short enough that both the start of the activity and the end of
the idle detection following the activity both occur in a single minislot or within two adjacent minislots.

If the MAC process detects such a noise event, it tries to revert to a state where it would have been if the

noise event
even caus{
robustness
noise event

9.1.6 Syn|

Within the
different se

is detected.

bol window

symbol window a single symbol, either an MTS or a WUDOP, may be-sent. Arbitration am
nders is not provided by the protocol for the symbol window. If arbitratibn-among multiple sen

did not occur. This may cause an increment of the slot counter by two, or in some cases-
a slot counter increment during a subsequent reception (see Figure 103). To increase
of the cluster, a node is prohibited from transmitting in the dynamic slot following a slotyn whi

is required for the symbol window it has to be performed by means of a higher-level protocol.

Figure 91 o

The numbe

Litlines the media access scheme within the symbol window.

I of macroticks per symbol window gdSymbolWindow is a global constant for a given cluster.

symbol wipdow contains an action point that is offset from).the start of the symbol window

gdSymbolW

symbol winglow.

channel channel idle

indowActionPointOffset macroticks. A symbol transmission starts at the action point within
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Figure 91 — Timing within the symbol window
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9.1.7 Network idle time

The network idle time serves as a phase during which the node calculates and applies clock correction terms.
Clock synchronisation is specified in clause 12.

The network idle time also serves as a phase during which an implementation may perform various
communication cycle related tasks.
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The network idle time contains the remaining number of macroticks within the communication cycle not
allocated to the static segment, dynamic segment, or symbol window.

9.2 Description

9.2.1 Relationship to other processes

The relationship between the Media Access Control processes and the other protocol processes is depicted in
Figure 9275),

to / from host
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B host interface
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|
protocol
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1 control —K
f
% |
: clock
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( processing
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synchronization clock
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A control
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A\ channel A processing
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coding / decoding

ProceSSes

channel B

to channel interface from channel interface

Figure 92 — Media access control context

75) The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines
are relevant to the protocol, but not to this clause.

© 1SO 2013 — All rights reserved 123


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

In order to support two channels each node needs to contain a media access control process for channel A
and a media access control process for channel B.

9.2.2 Operating modes

The protocol operation control process sets the operating mode of media access control for each
communication channel.

— Inthe STANDBY mode media access is effectively halted.

the

— In the N
channdls.

— In the BTARTUPFRAMECAS mode transmissions are restricted to the transmission of one.startup|null
frame per cycle on each configured channel in each key slot if the node is configured to send a startup
frame. |n addition the node sends an initial CAS symbol prior to the first communication ¢ycle.

— In the $TARTUPFRAME mode transmissions are restricted to the transmission of'ene startup null frame
per cyde on each configured channel in each key slot if the node is configured t0 Send a startup frama.

— In the KEYSLOTONLY mode the transmissions are restricted based on thie synchronisation type of| the
clusterjand the role of the node. Sync nodes in a TT-D cluster have transmissions restricted to one gync
frame |per cycle on each configured channel. Coldstart nodes<in*a TT-E or TT-L cluster have
transmy|ssions restricted to two startup frames per cycle on each cenfigured channel. Non-sync nodgs in
any cllster type have transmissions restricted to a single specified key slot frame’®) per cycle on gach
configyred channel.

— Inthe ALL mode frames and symbols are sent in accordance with the node's transmission slot allocatipn.
Definition (34) gives the formal definition of the MAC operating modes.
Definition: |T_MacMode (B4)
newtype T MacMode
lilterals STANDBY, NOCE, STARTUPFRAMECAS, STARTUPFRAME, KEYSLOTONLY,

ALL;
endnepWtype;

9.2.3 Significant events

9.2.3.1 Hvent types

Within the ¢ontext of media access control the node needs to react to a set of significant events. These|are
reception_r lated events transmission-related events and fiming-rnlntnd eyvents

9.2.3.2 Reception-related events

Figure 93 depicts the reception-related events that are significant for media access control.

76) A node with pKeySlotID = 0 does not have a key slot, and thus will not transmit any frames when the MAC process is
in the KEYSLOTONLY mode.
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channel idle
channel idle channel active delimiter channel idle

-t X
r bt

communication potential idle channel idle
element start start recognition
(DTS received) point

communication channel A the reception-relevant events are

communication element start on channel A (signal CE start on A, signal idle ehd“on A),
potential idle start on channel A (signal potential idle start on A),

channel idle recognition point detected on channel A (signal CHIRR-0on A),

DTS high bit received on channel A (signal DTS received on-A, only in the dynamic segment),

bit strobed on channel A (signal bit strobed on A, not shewn in Figure 93).

communication channel B the reception-relevant'events are

communication element start on channel B(signal CE start on B, signal idle end on B),
potential idle start on channel B (signal potential idle start on B),

channel idle recognition point.détected on channel B (signal CHIRP on B),

DTS high bit received,en channel B (signal DTS received on B, only in the dynamic segment),

bit strobed on channel B (signal bit strobed on B, not shown in Figure 93).

was pregeded by a bit strobed as low. To keep the figure simple these signals are not shown
the exeeption of the potential idle start at the end of channel activity.

and

and

channel-speeific BITSTRB processes will output a potential idle start signal every time a bit| strobed as

n Figure 93
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Transmission-related events

Figure 94 depicts the transmission-related events that are significant for media access control.

channel idle

channel idle channel active delimiter channel idle

A_{ w l

I |
| :
idlé end DTS start
Figure 94 — Transmission-related events for MAC

For commupication channel A the transmission-relevant events are
— the staft of transmission ends the channel idle condition (signal idle end on A) and
— the staft of the dynamic trailing sequence within the transmission pattern on channel A (signal DTS

on A).
For commupication channel B the transmission-relevant events arée
— the staft of transmission ends the channel idle condition-(signal idle end on B) and
— the staft of the dynamic trailing sequence within, the transmission pattern on channel B (signal DTS

on B).
9.2.3.4  Timing-related events
Both channgls A and B are driven by the'cycle start event that signals the start of each communication ¢
(signal cyclg start (vCycleCounter); where vCycleCounter provides the number of the current communicg
cycle).
9.3 Medialaccess contrelprocess

9.3.1 Stafles of the-media access control process

This subclg
specified fo

use, Gontains the formalized specification of the media access control process. The proceg
 ehannel A, the process for channel B is equivalent.

start

start

ycle
tion

is

For each communication channel the MAC process contains the states

— aMAC
a MAC
a MAC
a MAC

a MAC

126

:standby state,

:wait for CAS action point state,
:wait for the cycle start state,
‘wait for the action point state,

‘wait for the static slot boundary state,
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— a MAC:wait for the AP transmission start state,

— a MAC:wait for the DTS start state,

— a MAC:wait for the AP transmission end state,

— a MAC:wait for the end of the dynamic segment state,

— a MAC:wait for the end of the minislot state,

a-MACwaitfer-the-end-ofactivity-state
— |a MAC:wait for the end of the dynamic slot state,
— |a MAC:wait for the symbol window action point state, and

— |a MAC:wait for the end of the symbol window state.
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9.3.2 Initialisation and MAC:standby state

Figure 95 depicts the specification of the media access process.

C )

\ J
/ Stareby \ dcl vSlotCounter T _SlatCounter:
| dcl vCycleCounter T_CycleCounter;
dcl vTF T_TransmitFrame;
MACJ::Jng” A dcl VTCHI T_CHITransmission:
(z ) dcl zMacMode T_MacMode;
dcl zMinislot Integer;
dcl zEndMinislot Integer;
STANDBY zMacMode ? >—else dcl vLastDynTxSlot T_SlotCounter;
1 dcl zTransmitStatFrame Boolean;
STARTUPF‘RAMECAS dcl zChannelldle Boolean :=false;
. . dcl vTransmitMTS_A Boolean;
set (ICASActionPoint); dcl vTransmitWUDOP_A Boolean;
\ dcl zMinislotCE Integer;
dcl zZNoTxSlot Bootean;
< wait for CAS action point > dcl zDTSReceived Boolean;
dcl zFrameThreshold Boolean;
‘ dcl zActiveBits Integer;
tCASActionPoint dcl zIncSlotCounter Boolean;
dcl vDynResyncAttempt Boolean;
fransmit symbol on A dcl zFirstTFESIot Boolean := false;
CAS MTS . . ) . .
( = ) MT timer tCASActionPoint := cdCASActionPointOffset;

MT timer tActionPoint := gdActionPointOffset;
MT timer tSymbolActionPoint :=
pExternalSync ? false gdSymbolWindowActionPointOffset;
MT timer tSlotBoundary := gdStaticSlot;

I
true

- 4 — _— —_— — £ MT timer tMinislot := gdMinislot;
I TT-E tinje gateway sink beha- MT t!mer tMlnlsIotAgtlonPomt = gdM|n|sI9tAct|onP0|ntOﬁset;
vior (opfjonal) I MT timer tSymbolWindow := gdSymbolWindow;
ZFirstTTESIot := true: MT timer tDynamicSegmentOffset := gdActionPointOffset -

I gdMinislotActionPointOffset;

— e e e c— —— c—

vl

STATICLSEGMENT_A

DYNAMIC_SEGMENT_A

SYMBOL_WINDOW_A

NIT_A

Figure 95 — Media access process [MAC_A]
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Figure 96 depicts how mode changes are processed by the media access process.

reset (tCASActionPoint);
reset (tActionPoint);
reset (tSymbolActionPoint);

As
issu

9.3.

9.3.

reset (tSlotBoundary); *
reset (tMinislot); ( (standby) )
reset (tMinislotActionPoint); ‘
eset (tSymbolWindow); MAC control on A
racat (tDvnamicSaamantOffcat): L=20A Mada)
{Dy g ¥ \L.v.uu.v.‘uw,
——STANDBY zMacMode ?
else
/

SR G

Figure 96 — Media access controlJMAC_A]

Jepicted in Figure 97 a node shall terminate the MAC process upon occurrence of the term
ed by the protocol operation control.

{ - )

terminate MAC_A

k

Figure 97 — Termination of the MAC process [MAC_A]

B Static'segment related states

B~ * State machine for the static segment media access control

The

node shall perform media access in the static segment as depicted in Figure 98.
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STATIC_SEGMENT_A >

/
( wait for the cycle start

cycle start
(vCycleCounter) vSlotCounter := 1,
\ ‘'update vSlotCounter on A in CHI’;
\ static segment start on A
(vCycleCounter, vSlotCounter)
|- . .
o set (tActionPoint);
set (tSlotBoundary);
zTransmitStatFrame := false;

ASSEI\‘/IBLE_ }_‘
STATIC_FRAME_A

‘ nothing to

transmit

frame vTF to transmit
\

zTransmitStatFrame := true;

/
( wait for the action point )

tActionPoint

action point on A

zTransmitStatFrame ? ‘

I
true false

\
transmit frame on A
(STATFRAME, VTF)

A
( wait for-the_static slot )

beundary
\
tSlotBoundary
| vSlotCounter := vSlotCounter + 1;
'update vSlotCounter on A in CHI’;
\
vSlotCounter ? > gNumberOfStaticSlots
I
else

|
slot boundary on A

(vSlotCounter)
\

Figure 98 — Media access in the static segment [MAC_A]

The node shall start frame transmission at the action point of an assigned static slot if appropriate
transmission conditions are met (see subclause 9.3.3.2).

The transmission data that shall be sent is specified in the T_TransmitFrame data structure.
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Definition: T_SlotCounter (35)

syntype T SlotCounter = Integer
constants 0 : 2047
endsyntype;

At the end boundary of every static slot the node shall increment the slot counter vSlotCounter for channel A
and the slot counter vSlotCounter for channel B by one.

9.3.8.2 Transmission conditions and frame assembly in the static segment

The| node shall assemble a frame for transmission in the static segment according” to [the macro
ASSEMBLE_STATIC_FRAME. The macro is depicted for channel A. Channel B is handled-analogpusly.

In the static segment, whether or not a node shall transmit a frame depends on the Gurrent operatirjg mode.
If mpdia access is operating in the NOCE mode then the node shall transmit no, frame.

If media access is operating in the STARTUPFRAMECAS mode or in the STARTUPFRAME mogde then the
nodg shall transmit a frame on each configured channel if the communieation slot is an assigned startup slot.

If media access is operating in the ALL mode then the node shall transmit a frame on a channel |f the slot is
assigned to the node for the channel.

Data elements are imported from the CHI based on the channel, the current value of the slot counter, and the
current value of the cycle counter. The CHI is assumed'to return a data structure T_CHITransmissipn.

Def(nition: T_CHITransmission (36)

newtype T CHITransmission
struct
Assignment T Assignmenty
TxMessageAvailable Bbolean;
PPIndicator T PPILddicator;
HeaderCRC T HeaderCRC;
Length T Lengthy
Message T Payload;
endnewtype;

Def|nition; TNAssignment (37)

newtype T Assignment
literals UNASSTIGNED, ASSTIGNED:
endnewtype;

Assuming a variable vTCHI of type T_CHITransmission imported from the CHI, the node shall assemble the
frame in the following way if vTCHI!Assignment is set to ASSIGNED.

a) The reserved bit shall be set to zero.

b) If vSlotCounter equals pKeySlotID, or if pTwoKeySlotMode is true and vSlotCounter equals
pSecondKeySlotID, then
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1)

2)
else

3)

4)

the startup frame indicator shall be set in accordance with pKeySlotUsedForStartup, and

the sync frame indicator shall be set in accordance with pKeySlotUsedForSync.

the startup frame indicator shall be set to zero, and

the sync frame indicator shall be set to zero.

¢) The frame ID field shall be set to the current value of the slot counter vSlotCounter.

d) Thelen

e) The hegqder CRC shall be set to the value vTCHI!HeaderCRC retrieved from the CHI.

f) The cyd
g) If the hq
1) the
2) thd
an
3)
sh
Th
be
els
sh
els
VT
els
4) thg
5) thg
6) gP
132

if gPayloadLengthStatic > vTCHI!Length then the vTCHI'kength number of two-byte payload w

pattern 0x0000.

pth field shall be set to gPayloadLengthStatic.

le count field shall be set to the current value of the cycle counter vCycleCounter.

st has data available (vTCHI!'TxMessageAvailable set to true) then

null frame indicator shall be set to one, and

payload preamble indicator shall be set to the value vTCHIPRIndicator imported from the

0

bl be copied from vTCHI!Message to vTF!Payload.
e remaining (gPayloadLengthStatic - vTCHI!Length)two-byte payload words in vTF!Payload §
set to the padding pattern 0x0000.
e if gPayloadLengthStatic = vTCHI!Length-then vTCHI!Length number of two-byte payload w
hll be copied from vTCHI!Message to VI F!'Payload
CHI!Message to vTF!Payload.

e if the host has no data available (vVTCHI!TxMessageAvailable set to false) then

null frame indicator,shall be set to zero, and

payload preamble‘indicator shall be set to zero, and

ayloadLengthStatic number of two-byte payload words in vTF!Payload shall be set to the pad

CHI,

brds

hall

brds

e the first gPayloadLengthStatic number of two-byte payload words shall be copied from

Hing
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Figure 99 depicts the frame assembly in the static segment [MAC_A].

NOCE

ASSEMBLE_
STATIC_FRAME_A
\

zMacMode ?

T
else

|

'import vTCHI on A from the
CHI;

]

UNASSIGNED

A

¢—true

’7856

ZFirstTTESIot ?

T
false

else

A

¢——else

VTCHI!'Assignment ?

T
ASSIGNED
|

pTwoKeySlotMode ? true—‘
\
false
Helse—< vSlotCounter ?

T
vSlotCounter ? = pSecondKeySlotID

T
= pKeySlotID

pKeySlotUsed-
ForStartup ?

T
false
|

true—— P

zMacMode?

|
ALL, KEYSLOTONLY

zMacMode ?

|
‘ vTF'Header'SuFIndicator ‘ ‘ VTF!Header!SuFIndicator
=0, =1

I
ALL

\
pKeySlotUsed-
ForSync ?

T

false

VTF!Header!SuFIndicator := 0;

\
VvTF!Header!SyFIndicator VTF!Header!SyFIndicator

VTF!Header!SyFIndicator, :='0; =0; =1
| >l |
VTF!Header!Reserved := 0; ‘
VTF!Header!FramelD := vSlotCounter; ‘
vTF!Header!CycleCount :=tvCycleCounter; -
vTF!Header!Length := gPayloadLengthStatic; ZFirstTTESIot ? true
VTF!Header'HeaderGRC = vTCHI!HeaderCRC; T
false
|
STARTUPFRAME
5 )
ZMacMode STARTUPFRAMECAS
T
else
|
tru VTCHI'TxMessage false
Available ? e S

VvTF!'Header!NFIndicator :=1;
VTF!Header!PPIndicator :=
VTCHI!PPIndicator;

H MESSAGE_COPY_A ‘

transmitting null frame
onA

‘ ZFirstTTESIot := false; ‘

O

nothing to
transmit

E—

zFirstTTESIot := false; ‘

®

frame vTF to
transmit

vTF!Header!NFIndicator := 0;
vTF!Header!PPIndicator := 0;
‘set all two-byte words in
VTF!Payload to 0x0000";

Figure 99 — Frame assembly in the static segment [MAC_A]
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The handling of a transmission in the first static slot in the first cycle following the startup of a TT-E coldstart
node is different from the handling in subsequent slots and cycles’?). In the first slot after a TT-E coldstart
node's transition from the POC:external startup state to the POC:normal active state a TT-E coldstart node will
only transmit a null frame, and only if this slot is a key slot, even if the media access is operating in the ALL
mode. This is controlled by the variable zFirstTTESIot, which is set to true before the first cycle and set to
false during the first slot. This variable enables the transmission of a null frame if the first slot is a key slot and
disables transmission if the first slot is not a key slot.

Figure 100 depicts the message copying and padding in the static segment [MAC_A].

MESSAGE_COPY_A )

gPayloadLengthStatic ?

> vTCHI!Length < VTCHl!Length

‘copy VTCHI!Length number
of two-byte payload words
from vTCHI!Message to

= VvTCHlI!Length

VTCHI!Length ) two-byte
payload words in
VvTF!Payload to 0x0000";

of two-byte payload words
from vTCHI!Message to
vTF!Payload’;

VvTF!Payload’; _
'set the remaining ‘copy first
(gPayloadLengthStatic - ‘copy VTCHI!Length number gPayloadLengthStatic

nurber of two-byte payload
words from vTCHI!Message
to vTF!Payload’;

Figure 100 — Message copying and.padding in the static segment [MAC_A]

9.3.4 Dynfamic segment related states

9.3.4.1 State machine for the dynamic segment media access control

The node ghall perform media access in the dynamic segment as depicted in Figure 101 and subsequent
Figures.

In the dynamic segmentthe node shall increment the slot counter vSlotCounter at the end of each dynamic
slot. If the ipcrementwould cause vSlotCounter to exceed the maximum slot ID cSlotIDMax then vSlotCounter
is instead se¢t to zero and remains at this value until the end of the dynamic segment.

77) The special handling in the first slot of the first cycle is necessary because of the short time between the cycle start
signal from the time gateway source node and the start of the cycle in the time gateway sink node. This short time would
make it difficult for a practical implementation to identify and select the buffer related to the first static slot. Limiting
transmissions to null frames in the first slot, if this slot is a key slot, makes this task easier, and does not have a
substantial impact on cluster startup.
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DYNAMIC_SEGMENT_A)

gNumberOfMinislots ? =0

I
>0
|
dynamic segment start
on A (vSlotCounter)

= )

else gdActionPointOffset ? |

‘ tDynamicSegmentOffset
> gdMinislotActionPointOffset |
set (tMinislotActionPoint); sét set (tMinislotActionRoint);
set (tMinislot); (tDynamicSegmentOffset); set (tMinislat),
| -
zMinislot :=1; ( \ >
vLastDynTxSlot := 0;
zMinislotCE = 1; ‘
zNoTxSlot:= false; DYN_SEG_LOOP_A
zActiveBits := 0; |
vDynResyncAttempt := false;
'update vLastDynTxSlot
on Ain CHI’;
‘'update vDynResync-
Attempt on A in CHI’;

Figure 101 — Media access in the dynamic segment [MAC_A]

The| macro DYN_SEG_LOOP keeps ‘track of the dynamic slot counter during the dynamic segment (see
Figdyre 103).

At the start of each dynamic slot, the node checks whether there is still enough time left in the dynamic
segment for a transmissionyor if no transmission is allowed in this dynamic slot due to the defection of a
possible slot counter desynchronisation (as indicated by the variable zNoTxSlot).

If a transmission is“allowed, the node determines whether it has the right and need to transmit in[the current
dyngmic slot and; if yes, does so. The transmission is described by the TRANSMIT_DYNAMIC_FRAME
magro (see Rigure 104).

If the nede does not transmit itself, it awaits transmissions of other nodes in the MAC:wait for thg end of the
min|sletstate. Should no CE start signal be detected before the end of the minislot, the node prodeeds to the
next dynamic slot. T a CE start signal Is detected, the node notes the current minisiot and starts 10 count the
bits of the incoming communication element.

The length of the incoming transmission is used as an indication of whether the incoming communication
element is a dynamic frame or perhaps induced noise on the physical channel. Should the communication
element end before the number of bits crosses the cFrameThreshold, the communication element is regarded
as noise and the node tries to switch to a state where no noise was received.

It does so by not applying the gdDynamicSlotldlePhase lengthening of the dynamic slot on the one hand and
by increasing the dynamic slot counter by two should a minislot boundary have occurred between the CE start
signal and the CHIRP signal. The last potential idle start signal before the CHIRP signal marks the minislot in
which the frame transmission ended, and is used to derive the last minislot of the dynamic slot.
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A fault-free frame reception will also enable the detection of the DTS, which is indicated by the CODEC
process with the DTS received signal. As soon as the DTS was received, the node locks down the end of the
dynamic slot, with the intent that potential noise during the succeeding idle detection cannot affect the
remaining dynamic slot length.

After the reception of the CHIRP signal, the node awaits the end of the dynamic slot. A CE start signal at this
point in time is generally an indication of a fault on the bus; either the preceding or the current communication
element was noise or a frame transmitted due to a fault condition. In case that the preceding element was
already categorized as noise due to its short length, the node treats the new communication element as frame
and potentially adjusts the dynamic slot counter.

Under normal circumstances (i.e., in the noise-free case), no CE start signal will be received during'Lthe
MAC:wait for the end of the dynamic slot state and the dynamic slot will end at the end of the minislot where
zMinislot is| equal to zEndMinislot. The end of the dynamic slot causes the dynamic slot coutiter tq be
incremented and then exported to the CHI.

If the recelved communication element was shorter than the frame threshold cFramefhreshold and|the
dynamic slpt was either one or two minislots long the node will abstain from transmitting in the folloying
dynamic slgt and a resynchronisation attempt is noted for indication to the CHI at.the*end of the dynamic
segment.

If the receiyed communication element was shorter than the frame thresholdcand the dynamic slot was|two
minislots lopg the dynamic slot counter is incremented twice instead of just énce, as is normally the case.

Figure 102 pepicts the channel idle tracking.

( = ) (* (wait for the end of activity))
\ \
idle end on A CHIRP on A
\ \
zChannelldle := false; zChannelldle := true;

| Y

( - ) - )

Figure 102 — Channel idle tracking [MAC_A]
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Figure 103 depicts the media access in the dynamic segment arbitration.

Q DYN_SEG_LOOP_A )

l<

s
false: zMinislot >= gNumberOfMinislots —
T gdDynamicSlotldlePhase
true or
‘ zMinislot > pLatestTx
‘ zNoTxSlot := false; ‘ or

zNoTxSlot = true ?

true1

ASSEMBLE_ nothing to
DYNAMIC_FRAME_A transmit

‘ ?
frame VTF to transmit zChannelldle?
Tarse

cFrameThreshold ?

true
——

T
zFrameThreshold := true; false

TRANSMIT_ wait for the end
DYNAMIC_FRAME_A of the minislot
‘ zChannelldle := false; \
zDTSReceived := true; zMinislotCE := zMinislot; ‘ |
zFrameThreshold := true; zEndMinislot := zMinislot; CE starton A tMinislot
zIncSlotCounter := false; zDTSReceived := false;
zActiveBits := 1; Y .
zFrameThreshold := false; zMinislot ? t—else
zIncSlotCounter := false; ‘
v = gNumberOf-
> Minislots
A J
wait for the end
of activity
\
[ \ \ |
‘ DTS received on A ‘ potential idle start on A: ‘ tMinislot ‘ CHIRP on A
[ \
‘ zDTSReceived := true; ‘ m = gNumberOf- ‘ zChannelldle := true;
Minislots
# else.
true zDTSReceived ?
false true >
|
zActiveBits = false

zMinislot = zEndMinislot

|
ni = ini +1; .
‘ Z\islot := zMinislot + 13 ‘ and zDTSReceived = true ?

set (tMinislot);

zEndMinislot := zMinislot + :
gdDynamicSlotldlePhase; ‘ zEndMinislot := zMinislot;

zIncSlotCounter ?

false !

|
’—exit Ioopg{ ‘

wait for the'end of
the dynamic segment

trL{e zMinislot := zMinislot + 1;
INCREASE_ set (tMinislot);
SLOT_COUNTER_A 4>‘
T
continue loop
|
) zIncSlotCounter := false;

wait for the end
of the dynamic slot

zMinislotCE := zMinislot - 1,

A

tMinislot

‘ CE starton A

= gNumberOf-

zMinislot = zMinislotCEy+1 ‘

E

and ‘ zChannelldle := false;

else

Minislots

zFrameThreshold'="false ? I

l—— = fals

true

@
Q
®

>= zEndMinislot

zFrameThreshold ? trje—m

|
zActiveBits := 1,
zIncSlotCounter := true;

I

‘ false
|

= 2Minicl (=] Miislot—- I

wait for the end of
the dynamic segment

‘ tMinislot
= gNumberOf-
Minislots
else

|
zMinislot := zMinislot + 1;
set (tMinislot);

|
vSlotCounter :=
vSlotCounter + 1;
zNoTxSlot := true;
vDynResyncAttempt := true;

T
= zMinislotCE

|
zZNoTxSlot := true;
vDynResyncAttempt := true;

zMinislot := zMinislot + 1,
set (tMinislot);

}J—continue Ioopﬁ
‘ set (tMinislotActionPoint); ‘
[

INCREASE _
SLOT_COUNTER_A

exit
loop

Figure 103 — Media access in the dynamic segment arbitration [MAC_A]
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Figure 104 depicts the transmission in the dynamic segment macro.

138

TRANSMIT_
DYNAMIC FRAME_A
\ J
wait for the AP
transmission start

tMinislotActionPoint.

transmit frame on A
(DYNFRAME, VTF)

vLastDynTxSlot :=
vSlotCounter,

>«

Y
< wait for the DTS start )

tMinislot

‘ DTS start on A

‘ tMinislotActionPoint

zMinislot := zMinislot + 1;
set (tMinislotActionPoint);
set (tMinislot);

zMinislot ? else

= gNumberOfMinislots -

> gdDynamicSlotldlePhase
\ J
wait for the\AP 'set pLatestTx violation sta-
transmission end tus indicator on A in CHI';

tMinislot

tMinislotActionPoint

zMinislot := zMinislot + 1;
set (tMinislotActionPoint);
set (tMinislot);

¢

stop transmission on A

Figure 104 — Transmission in the dynamic segment macro [MAC_A]

zEndMinislot := zMinislot +
gdDynamicSlotldlePhase;

O
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Figure 105 depicts the slot counter increase macro.

INCREASE_
SLOT _COUNTER_A

>= cSlotIDMax vSlotCounter ?

\
¢ else
\

. vSlotCounter :=
VOIULCUUTNICT .= U,
1
‘'update vSlotCounter on A YSIotCounter L
. . update vSlotCounter on A
in CHI’; : .
in CHI’;
\ \
slot boundary on A slot boundary on A
(vSlotCounter) (vSlotCounter)
exit loop continue loop

Figure 105 — Slot counter increase macro [MAC_A]

The| INCREASE_SLOT_COUNTER_A macro is called @t the end of each dynamic slot to increase the
dyn@amic slot counter and to communicate it to the €Hl. If the dynamic slot counter were to $urpass the
maximum slot number cSlotIDMax, the slot counter shall not be incremented, but is instead reset t¢ zero.

The|node shall then await the end of the dynamic segment.

Figyre 106 depicts the counting of active hits.

wait for the end
of activity

bit strobed on A

zActiveBits ? = cFrameThreshold

\
else

\
zActiveBits := zActiveBits +
1

Figure 106 — Counting of active bits [MAC_A]

To categorize an incoming communication element as noise, the node determines whether it is shorter than
the frame threshold cFrameThreshold.
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9.3.4.2

Transmission conditions and frame assembly in the dynamic segment

The node shall assemble a frame for transmission in the dynamic segment according to the macro
ASSEMBLE_DYNAMIC_FRAME. The macro is depicted for channel A. Channel B is handled analogously.

In the dynamic segment, the node shall only transmit a frame on a channel if all following conditions are

fulfill

Assuming g variable vTCHI of type T_CHITransmission imported from they€HI the node shall assemble

fram
true:

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

140

ed:

the media access is operating in the ALL mode;

the cur

the slot

consistent payload data can be imported from the CHI;

transm
the pre

there i
dynam

e in th

the res

the sync frame indicator shall be set to zero;

the sta

the payload preamble indicator shall be set\to-the value vTCHI!PPIndicator retrieved from the CHI;

the frame ID field shall be set to the current value of the slot counter vSlotCounter;

the len

the hegder CRC shall be séttothe value vTCHI!HeaderCRC retrieved from the CHI;

the cydle count field shall be set to the current value of the cycle counter vCycleCounter;

the nul

VTCHI!

rent minislot number is not larger than pl atestTx minislot (a node-specific upper bound);

is assigned to the node;

ssion is not prohibited in the slot by the zNoTxSlot variable (i.e., zZNoTxSlot was not set to try
Vious slot);

5 at least a number of minislots equivalent to gdDynamicSlotldlePhase before the end of
Cc segment.

p following way if VTCHI'Assignment equals ASSIGNED afd VTCHI!'TxMessageAvailable eq

brved bit shall be set to zero;

tup frame indicator shall be set to zero;

jth field shall be set to vT(CH!Length retrieved from the CHI;

frame indicator shall be set to one;

Length humber of two-byte payload words shall be copied from vTCHI!Message to vTF!Payloa

e in

the

the
uals

=
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Figure 107 depicts the frame assembly in the dynamic segment.

C

ASSEMBLE_

DYNAMIC_FRAME_A

—else

zMacMode ?

[
ALL

!
‘import vTCHI on A from the

9.3.p

The)

At the start of the symbol windowsthe node shall set the slot counter vSlotCounter to zero. The nod
bol transmission at the agtien point of the symbol window if the media access is in the ALL m

sym
sy

CHI

—false

@,

¢else—< VTCHI!Assignment ?

[
ASSIGNED

\
VTCHI!TxMessage
Available ?

I

true
|

nothing to
transmit

O

frame vTF to
transmit

VTF!Header!Reserved := 0;
vTF!Header!SyFIndicator := 0;
vTF!Header!SuFIndicator := 0;
vTF!Header!FramelD := vSlotCounter;
vTF!Header!CycleCount := vCycleCaunter;
vTF!Header!Length := vTCHI!Lehgth;
vTF!Header!HeaderCRC := vTCHI!HeaderCRC,;
vTF!Header!PPIndicator ;= vT€HI!PPIndicator;
vTF!Header!NFIndicatort=1;

‘copy VTCHI!Length number of two-byte payload
words from vTCHI!Message to vTF!Payload’;

Figure 107 — Frame assembly in'the dynamic segment [MAC_A]

Symbol window related states

node shall perform media accessinthe symbol window as depicted in Figure 108.

bol is released for transmission.

e shall start
bde and if a
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Q SYMBOL_WINDOW_A )

——=0 gdSymbolWindow ?
: vSlotCounter := 0;
>0 set (tSymbolActionPoint);
‘ set (tSymbolWindow);

‘ ’/ 'update vSlotCounter on A in CHI’;
'import vTransmitMTS_A from CHI';
symbol window start 'import vTransmitWUDOP_A from CHI';
on A (vSlotCounter) ‘

(_wait for the symbol window \
\ action point )
\

tSymbolActionPoint

—else zMacMode ?

1
ALL
|

vTransmitMTS_A ? true

T
false
\

«fals&<vTransmitWUDOP_A ?

T
true

\
transmit symbol on A transmit symbgl on A
(WUDOP) (CASMTS)

wait for the end of
the symbol window

‘ tSymbolWindow

Figure 108 — NMedia access in the symbol window [MAC_A]

9.3.6 Netywork idle time

Macro NIT in Figure 109”depicts the behaviour at the start of the network idle time.

NIT_A )

vSlotCounter—0-

‘'update vSlotCounter on A in CHI’;

NIT start on A
(vSlotCounter)

Figure 109 — Network idle time [MAC_A]

At the start of the NIT the node shall set the slot counter vSlotCounter to zero.

142 © 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

10 Frame and Symbol processing

10.1 Principles

Frame and symbol processing (FSP) is the main processing layer between frame and symbol decoding, which
is specified in clause 7, and the controller host interface, which is specified in clause 13.

Frame and symbol processing checks the correct timing of frames and symbols with respect to the TDMA
scheme, applies further syntactical tests to received frames, and checks the semantic correctness of received
frames.

10.2 Description

10.2.1 Relationship to other processes

Thel relationship between the Frame and Symbol Processing processes and the, ather protocol processes is
dep|cted in Figure 11078).

78) The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines
are relevant to the protocol, but not to this clause.
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to / from host

In order to
channel A g

10.2.2 Ope

controller -
host interface | _
protocol
operation
controfl ij
macrotick .
) synchronization
generation -
processing
AA
clock
synchronization clock
startup | synchronization
channel B | startup channel A
ﬁ“ YW ¥
media access | frame and‘symbol
control A ! protéssing
channel A media channel A
access \
control 4
channel B

coding / decoding

processes
channel A

to channel interface

Figure 110 — Frame and symbol processing context

support twe>channels each node needs to contain a frame and symbol processing process

coding./ decoding
processes
channel B

from channel interface

nd a frame)and symbol processing process for channel B.

rating' modes

frame and
symbol
processing
channel B

for

The protocol operation control process sets the operating mode of frame and symbol processing for each
communication channel.

— Inthe STANDBY mode the execution of the frame and symbol processing process shall be halted.

— In the STARTUP mode the frame and symbol processing process shall be executed but no update of the

CHI takes place, except for decoded wakeup patterns.

— In the GO mode the frame and symbol processing process shall be executed and the update of the CHI
takes place.

144
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Definition (38) gives the formal definition of the FSP operating modes.
Definition: T_FspMode (38)
newtype T FspMode

literals STANDBY, STARTUP, GO;
endnewtype;

10.23 Qignifir‘am‘ events

10.2.3.1 General

Within the context of frame and symbol processing the node needs to react to a set,of signifigant events.
Thepge are reception-related events, decoding-related events, and timing-related evets:

10.2.3.2 Reception-related events

Figyre 111 depicts the reception-related events that are significant for frame-and symbol processing.

channel.idle
channel idle channel active delimiter channel idle

N : :
! ! !

communication frame decoded wakeup decoded
element start or
CAS/MTS decoded channel idle
or recognition

decoding error point

Figure 111 — Reception-related events for FSP

Forlcommunication channel A the reception-related events are
— |communication element start on channel A (signal CE start on A),

— |frame_decoded on channel A (signal frame decoded on A (VRF), where vRF provides the tiinestamp of
the‘primary time reference point and the header as well as the payload of the received frameg as defined
in‘Definition (18)),

— CAS or MTS decoded on channel A (sighal CAS_MTS decoded on A),
— decoding error on channel on A (signal decoding error on A (zDecodingError)),
— channel idle recognition point detected on channel A (signal CHIRP on A),

— content error on channel B (signal content error on B)79), and

79) In order to address channel consistency checks for sync frames.
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— wakeup decoded on channel A (signal wakeup decoded on A).
For communication channel B the reception-related events are

communication element start on channel B (signal CE start on B),

frame decoded on channel B (signal frame decoded on B (VRF), where vRF provides the timestamp of

the primary time reference point and the header as well as the payload of the received frame as defined

in Definition (18)),

CAS orMTS decaoded aon channel B (Qignr—ll CAS MTS decoded an R)
decoding error on channel B (signal decoding error on B (zDecodingError)),

channgl idle recognition point detected on channel B (signal CHIRP on B),

conten

Definition (1
10.2.3.3 [
For commu
decodi

— decodi
For commu
decodi

decodi

10.2.3.4 T

Figure 112

error on channel A (signal content error on A), and

wakeup decoded on channel B (signal wakeup decoded on B).

8) gives the formal definition of the T_ReceiveFrame data structure.

ecoding-related events

hication channel A the decoding-related events are

g halted on channel A (signal decoding halted'oh A) and
ng started on channel A (signal decoding started on A).
nication channel B the decoding-related events are

g halted on channel B (signat-decoding halted on B) and

ng started on channel B.(signal decoding started on B).

iming-related evéents
Hepicts the timing-related events that are significant for frame and symbol processing.

network
idle
time

symbol
window

static
slot

static
slot

dynamic dynamic dynamic
slot slot slot

146

A

static
segment
start

\ \ [ [l \ \ [ A

slot slot dynamic slot symbol NIT static
boundary boundary  segment boundaries window start segment
start start start

communication cycle

Figure 112 — Timing-related events for FSP
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communication channel A the relevant events are
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static segment start on channel A (signal static segment start on A (vCycleCounter, vSlotCounter); where

vCycleCounter holds the number of the current communication cycle and vSlotCounter holds
of the communication slot that is just beginning on channel A),

the number

slot boundary on channel A (signal slot boundary on A (vSlotCounter); where vSlotCounter holds the

number of the communication slot that is just beginning on channel A),

dynamic segment start on channel A (signal dynamic segment start on A (vSlotCoun
vSlotCounter holds the number of the current communication slot on channel A)

ter); where

symbol window start on channel A (signal symbol window start on A (vSlotCounter); where v
holds the value 0), and

network idle time (NIT) start on channel A (signal NIT start on A (vSlotCounter); where v
holds the value 0).

communication channel B the relevant events are
static segment start on channel B (signal static segment start on B {vCycleCounter, vSlotCou
vCycleCounter holds the number of the current communication_cycle and vSlotCounter holds

of the communication slot that is just beginning on channel B);

slot boundary on channel B (signal slot boundary on Bx(vSlotCounter); where vSlotCounte
number of the communication slot that is just beginning“en channel B),

dynamic segment start on channel B (signal,dynamic segment start on B (vSlotCoun
vSlotCounter holds the number of the current ggmmunication slot on channel B),

symbol window start on channel B (signal.symbol window start on B (vSlotCounter); where v
holds the value 0), and

network idle time (NIT) start on ‘ehannel B (signal NIT start on B (vSlotCounter); where v
holds the value 0).

.4 Status data

each communicatiofizchannel the node shall provide a slot status that is updated in the CHI as
se 13.

nition (39) gives the formal definition of the slot status.
nition. \I_SlotStatus

newtype T SlotStatus

SlotCounter

SlotCounter

hter); where
the number

r holds the

ter); where

SlotCounter

SlotCounter

specified in

(39)

struct
Channel T Channel;
SlotCount T SlotCounter;
CycleCount T CycleCounter;
ValidFrame Boolean;
ValidMTS Boolean;
SyntaxError Boolean;
ContentError Boolean;
Bviolation Boolean;
FrameSent Boolean;
TxConflict Boolean;
NFIndicator T NFIndicator;
Segment T Segment;
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endnewtype;

The slot status consists of the following elements.
— Channel identifies the corresponding channel of the other slot status elements.

— SlotCount holds the value of the slot counter of the corresponding slot.

— CycleCaunt holds the value of the cycle counter of the corresponding cycle
— ValidFfame denotes whether a valid frame was received in a slot of the static or dynamic segment. [The
elemerft is set to false if no valid frame was received (or if a frame was transmitted in the slot),’ or to trpe if
a valid frame was received.

— ValidM[T'S denotes whether a valid MTS was received in the symbol window. The element is set to falge if
no valigl MTS was received, or to true if a valid MTS was received.

— Syntaxfrror denotes whether a syntax error has occurred. A syntax error ageurs if any of the following
criterialare met:

— the¢ node starts transmitting while the channel is not in the idle state;
— adecoding error occurs;

— aframe is decoded in the symbol window or in the network idle time;

U

— a CAS / MTS is decoded in the static segment, inthe dynamic segment, or in the network idle timg;

— aframe is received within the slot after the reception of a semantically correct frame;

— an|otherwise valid frame is received before transmission in a slot that is used for transmission;

— a gyntactically valid frame is detected after transmission in a slot that is used for transmission.
This eleme]:t is set to false if no syntax’error occurred, or to true if a syntax error did occur. Note, it is posgible
to have SymtaxError = true and. ValidFrame = true. This could occur, for example, if a syntactically incofrect
frame is redeived first, followed\by a semantically correct and syntactically correct frame in the same slot. This

would resulf in ValidFrame =.ttue, SyntaxError = true, and ContentError = false.

— ContenftError denotes whether a content error has occurred. A content error occurs if any of the following
criterialare met:

— in fhe’static segment the header length contained in the header of the received frame does not match
the_stered header length in gPayloadl engthStatic:

— in the static segment the startup frame indicator contained in the header of the received frame is set
to one while the sync frame indicator is set to zero;

— in the static segment the null frame indicator contained in the header of the received frame is set to
zero and the payload preamble indicator is set to one;

— in the static or in the dynamic segment the frame ID contained in the header of the received frame

does not match the current value of the slot counter or the frame ID equals zero in the dynamic
segment;
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— in the static or in the dynamic segment the cycle count contained in the header of the rec
does not match the current value of the cycle counter;

— in the dynamic segment the sync frame indicator contained in the header of the received
to one;

-2:2013(E)

eived frame

frame is set

— in the dynamic segment the startup frame indicator contained in the header of the received frame is

set to one;

— in the dynamic segment the null frame indicator contained in the header of the received frame is set

1o zero

This element is set to false if no content error occurred, or to true if a content error did ogcur. |
correct but semantically incorrect frame is received first, followed by a semantically
syntactically correct frame in the same slot. This would result in ValidFrame = true, SyntaxE
and ContentError = true.

BViolation denotes whether a boundary violation occurred at either beginning or end of the co

meaning of various combinations of ValidFrame, SyntaxError, ContentError, and BViolation.
FrameSent denotes whether a non-null frame was completely‘transmitted in the correspondi

element is set to true if there was a complete non-null frame transmission in the slot, and ot
set to false.

element is set to false if reception was not ongging, or to true if reception was ongoing.

invalid frame or nothing was received, dr.to 1 if a valid non-null frame was received80).
Segment denotes the segment in which the slot status was recorded.

nition: T_Segment

newtype T Segment

literals STOUB, STATIC, DYNAMIC, SW, NIT;
endnewtype;

element>Segment is set to STUP during the non-synchronized startup phase. The valug
NAMIG; 'SW, and NIT denote the static segment, the dynamic segment, the symbol windd
vark; idle time, respectively.

is possible

to have ContentError = true and ValidFrame = true. This could occur, for examplé,) if a $yntactically

orrect and
rror = false,

responding

slot. A boundary violation occurs if the node does not consider the changel to be idle at the bqundary of a
slot. The element is set to false if no boundary violation occurred&See Table 9 for a description of the

g slot. The
nerwise it is

TxConflict denotes whether reception was ongoing at the time the node started a transmiission. The

NFIndicator denotes whether a null frame was received. The element is set to O if either a nyll frame, an

(40)

s STATIC,
w, and the

10.3 Frame and symbol processing process

10.3.1 States of the frame and symbol processing process

This subclause contains the formalized specification of the frame and symbol processing process. The
process is specified for channel A, the process for channel B is equivalent.

Figure 113 gives an overview of the frame and symbol processing-related state diagram.

80)

The parameter NFIndicator is always set to 1 for valid frames in the dynamic segment.
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For each communication channel the FSP process contains the five states

— FSP:standby state,

— FSP:wait for CE start state,

— FSP:decoding in progress state,

—  FSP:wait for CHIRP state, and

— FSP:w

it faor transmission end state

10.3.2 Initi

>~

wait for
CE start

decoding
in progress

walit for
CHIRP

N

wait for
transmission
end

/

Figure 113~ State overview of the FSP state machine (shown for one channel)

lis‘ation and EQD::f:\ndh\J/ stato

As depicted in Figure 114, the node shall initially enter the FSP:standby state of the FSP process and wait for
an FSP mode change initiated by the protocol operation control process.

A node shall leave the FSP:standby state if the protocol operation control process sets the FSP mode to
STARTUP or to GO.

150
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dcl vSS

dcl vRF

dcl zRF

dcl vSlotCounter
dcl vCycleCounter
dcl zDecodingError

dcl zContentErrorOnB Boolean;

dcl zNullframe Boolean;
dcl zTransmit Boolean;
dcl zFspMode T_FspMode;
dcl zZSegment T_Segment;

T_SlotStatus;
T_ReceiveFrame;
T_ReceiveFrame;
T_SlotCounter;
T_CycleCounter;
T_DecodingError;

‘ FSP control on A

(stpM(‘)de) vSS!Channel := A;
VOO!Vdﬁljl‘lcllllb‘ -— fo\iac,
STANDBY- zFspMode ? vSSIValidMTS := false;
T vSS!SyntaxError := false;
else

v

( wait for CE start

vSS!ContentError := false;
vSS!BViolation := false;
vSSINFIndicator := 0;
vSS!FrameSent := false;
vSSITxConflict := false;
vSSISlotCount := 0;
vSS!CycleCount := 0;
vSS!Segment := STUP;
zSegment := STUP;
vSlotCounter := 0;
vCycleCounter := 0;
zContentErrorOnB ='false;
zNullframe :=false;
zTransmit/= false;

Figure 114 — FSP.process [FSP_A]

As g@lepicted in Figure 115, a node shall enter(the FSP:standby state from any state within the F[SP process

(wit
prog

( (staﬁdby) )

 the exception of the FSP:standby state”itself) if the protocol operation control process sqts the FSP
ess to the STANDBY mode.

‘ FSP control on A

‘ content error on B

transmitting null frame

(zFspMode) onA
\
STANDBY- zFspMode ? ‘ zContentErrorOnB := true; ‘ ‘ zNullframe := true;
i Lelsc < |
/
standby ) ( - )

Figure 115 — FSP control [FSP_A]

In addition, the node shall apply cross-channel content checks to identify cross-channel inconsistencies
whenever zSegment = STATIC8D),

81) zSegment is STATIC during the static segment in normal operation, but can also be STATIC during some portions of
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As depicted in Figure 116, a node shall terminate the FSP process upon occurrence of the terminate event
issued by the protocol operation control process.

( : )

terminate FSP_A

X

Figure 116 — Termination of the FSP process [FSP_A]

Depending |on the operation mode of the FSP process and the segment, the FSP process relays decgded
wakeup patterns from the WUPDEC process to the CHI as shown in Figure 117.

= )

wakeup decoded on A

else zFspMode ?

GO
\

zSegment ?

\
SW, NIT else

'set wakeup received
indicator on A in CHI’;

Eigure 117 — CHI update of a decoded wakeup pattern [FSP_A]

10.3.3 Maore=SLOT—SEGMENT_END

The macro SLOT_SEGMENT_END that is depicted in Figure 118 shall be called within the FSP process

— at the end of each static slot,
— at the end of each dynamic slot if a dynamic segment is configured (i.e., gNumberOfMinislots > 0),
— at the end of the symbol window if the symbol window is configured (i.e., gdSymbolWindow > 0), and

— at the end of the network idle time.
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If a valid frame was received, the sync frame indicator of the received frame is set, and no content error was
detected on the other channel a node shall assert valid sync frame on A (VRF). Such a frame is called a valid

sync frame.

If the FSP process is in the GO mode a node shall make the slot status vSS and received frame data VRF

available to the CHI.

A node shall initialize the slot status vSS for aggregation in the subsequent slot.

Figure 118 depicts the slot and segment end macro [FSP_A].

SLOT_SEGMENT_END_A )

T
true

|
valid sync frame on A
VRF)

—=else

zFspMode ?

false—<

vSS!ValidFrame ?

I
true
|

vSS!NFIndicator :=
VRF!Header!NFIndicator;
‘'update VRF on A in CHI'

‘'update vSS on'Alin CHI’;

Py
P

zSegment ?

\
NIT
|

frame reception complete on A

O

vSS!ValidFrame = true

and
VRF!Header!SyFIndicator = 1
and

zContentErrorOnB = false ?,

vSS!ValidFrame := false;
vSSValidMTS := false;
vSS!SyntaxError := false;
vSS!ContentError := false;
vSS!FrameSent := false;
vSSITxConflict := false;
vSSISlotCount := vSlotCounter;
vSS!CycleCount:= vCycleCounter;
vSS!ISegment := zSegment;
vSSINFIndicator := 0;
zTransmit := false;
zContentErrorOnB := false;
zNullframe := false;

Figure 118 — Slot and segment end macro [FSP_A]

10.3.4 FSP:wait for CE start state

The FSP:wait for CE start state and the transitions out of this state are depicted in Figure 119.

For each configured communication channel a node shall remain in the FSP:wait for CE start state until either

— acommunication element start is received, or

— the node starts transmitting a communication element on the channel.
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If either a slot boundary or one of the four segment boundaries is crossed then the node shall execute the
SLOT_SEGMENT_END macro to provide the current slot status, and any frame data that may have been
received, to the host interface for further processing. In this case the node shall remain in the FSP:wait for CE

start state.

( walit for CE start )

CE-start-on-A decodina-haltad-an-A
3

\J Y
< decoding in progress ) < wait for transmission end >

static segment start on A
(vCycleCounter, vSlétEounter)

slot boundary on A
(vSlotCounter)
\
zSegment := STATIC;
___ ] |
dynamic segment start symbol window start NIT starton A
on A (vSlotCounter) on A (vSlotCounter) (vSlotCounter)
\ \ \
zSegment := DYNAMIC,; zSegment := SW; zSegment := NIT;
| \ -l i |
SLOT_SEGMENT_END
A
\
vSS!BViolation := false;

A
( wait for CE start )

Figure 119 — Transitions from the FSP:wait for CE start state [FSP_A]

10.3.5 FSH:decoding in-progress state

10.3.5.1 Conditions to leave the FSP:decoding in progress state

The ESP:d :r‘nrhng In—progress state _and the transitions out of this state are rlapmtnrl in C|5u|rn 120 land

Figure 121.

For each configured communication channel a node shall remain in the FSP:decoding in progress state until
either

— the node starts transmitting on the communication channel, or
— adecoding error occurs on the communication channel, or
— a syntactically correct frame is decoded on the communication channel, or

— a CAS/ MTS symbol was decoded, or
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a slot boundary or one of the four segment boundaries is crossed.

If either a slot boundary or one of the four segment boundaries is crossed then the node shall execute the
SLOT_SEGMENT_END macro to provide the current slot status, and any frame data that may have been
received, to the host interface for further processing.

Figure 120 and Figure 121 are depicting the transitions from the FSP:decoding in progress state [FSP_A].

angmnnf = C\AL
and (zDecodingError = CAS_MTS_TOO_SHORT
( decoding in progress ) or zDecodingError = FSS_TOO_LONG) ?
\

[ \ |
frame decoded on A . decoding erroron A
(zRF) decoding halted on A (zDecodingError)
\ \ !
] = .
true ZTransmit 2 vSSISyntaxError := true;

vSS!TxConflict := true;

I
false
\

—true——

true

false

\
[ ( wait for transmission end ) vSS!SyntaxError := true;
false*‘

— <7else—< zSegment ?

vSS!ValidFrame ?

\
STUP
‘ [
STATIC DYNAMIC
\
SS!SyntaxError := true; VRF := zRF; VRF := zRF; VRF = zRF;

| \ \
\ PROCESS_STATIC_ PROCESS_DYNAMIC_ PROCESS_START[UP_
\ FRAME_A FRAME_A FRAME_A
\ |
\ y -«
[ D
VNote: The current frame information zRF is-not v
! assigned to VRF to avoid overwriting information ( wait for CHIRP )
: from a valid frame received earlier in the ‘slot.

Figure 120~ Transitions from the FSP:decoding in progress state [FSP_A]
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( decoding in progress )

CAS_MTS decoded on A

————=else zSegment ? STUP
T
SW
|
vSS!SyntaxError := true; vSS!ValidMTS := true;

slot boundary
on A (vSlotCounter)

static segment

start on A

| (vCycleEGounter,
vSlotCounter)

zSegment := STATIC,;

dynamic segment start symbol window start NIF-start on A
on A (vSlotCounter) on A (vSlotCounter) (rSlotCounter)
\ \ \
zSegment := DYNAMIC,; zSegment := SW; zSegment := NIT;
| v -l v |

vSS!BViolation:= true;

[
SLOT_SEGMENT *END
A

>

/
( wait for CHIRP )

Figure 121 — Transitions from the FSP:decoding in progress state [FSP_A]

10.3.5.2 Hrame reception checks during non-synchronized operation

The frame @cceptance checks that the node shall apply during non-synchronized operation are defined in the
macro PROCESS_STARTUP_FRAME depicted in Figure 122.

For each configured communication channel the node shall accept each frame that fulfils all of the folloywing
criteria.

— The frame ID included in the header of the frame is greater than 0 and not larger than the number of the
last static slot gNumberOfStaticSlots.

— The payload length included in the header of the frame equals the globally configured length for static
frames gPayloadLengthStatic.

— The sync frame indicator included in the header is set to one.
— The startup frame indicator included in the header is set to one.

— If the null frame indicator vRF!Header!NFIndicator is set to zero then the vRFIHeader!PPIndicator is not
set to one.
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— The cycle counter included in the header of the frame is not larger than the configured maximum cycle
counter gCycleCountMax.

A frame that passes these checks is called a valid startup frame.

If the cycle count value included in the header of a valid startup frame is even then the frame is called a valid
even startup frame.

If the cycle count value included in the header of a valid startup frame is odd then the frame is called a valid
odd startup frame.

vRF!Header!FramelD > 0
and
VRF!Header!FramelD <=,gNumberOfStaticSlots
and
VRF!Header!Length’= gPayloadLengthStatic
and
PROCESS STARTUP ) vR(Ij:!Header!SyFIndicator =1
- - an
FRAME A VRF!Header!SuFIndicator = 1
and/not
true—< false | (URFTHeader!NFIndicator = 0
‘ and
VRF!Header!PPIndicator = 1)
even VRF!Header!CycleCount ? odd and
‘ ‘ VRF!Header!CycleCount <= gCycleCountMax ?
valid even startup frame valid odd startup frame
on A (VRF) on A (VRF)

®

Figure 122 — Frame acceptance checks during non-synchronized operation [FSP_A]

10.3.5.3 Frame reception checks during synchronized operation

10.3.5.3.1 Frame reception checks in the static segment

Figyre 123 depicts-the frame reception timing that shall be met by a syntactically valid frame in the static
segfment.

The| frame>acceptance checks that the node shall apply during synchronized operation in the static segment
are defined in the macro PROCESS_STATIC_FRAME depicted in Figure 124.

For each configured communication channel the node shall accept the first frame that fulfils all of the following
criteria.

— The frame is contained within one static slot.

— The payload length included in the header of the frame matches the globally configured value of the
payload length of a static frame held in gPayloadLengthStatic.

— The frame ID included in the header of the frame equals the value of the slot counter vSlotCounter.

— The cycle count included in the header of the frame matches the value of the cycle counter
vCycleCounter.
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— If the startup frame indicator in the header vRF!Header!SuFIndicator is set to one then the
vRF!Header!SyFIndicator is not set to zero.

— If the null frame indicator vRF!'Header!NFIndicator is set to zero then the vRF!Header!PPIndicator is not
set to one.

start of frame with ID x must channel idle
occur within static slot x recognition point
('CE start on A/B') ('CHIRP on A/B")
channel idle
channel idle channel active delimiter channel idle
\ \ ]
\ I 1
macrotick === | | | e=eececececccccaccccccccccccccoaaa.. ---
static slot

Figure 123 — Frame reception timing for a static(slot

Figure 124 fepicts the frame acceptance checks for the static segment[FSP_A].

VRF!Header!Length = gPayloadLengthStatic

and

VRF!Header!FramelD = vSlotCounter

and

VRF!Header!CycleCount = vCycleCounter
and not

(vRF!Header!SuFIndicator = 1
and vRF!Header!SyFIndicator = 0)

PROCESS_STATIC_ and not
FRAME A (vRF!Header!NFIndicator = 0
| and
trTe fal‘se VRF!Header!PPIndicator = 1) ?
vSS!ValidFrame := true; vSS!ContentError := true;

< \
content error on A

Figure 124 — Frame acceptance checks for the static segment [FSP_A]

10.3.5.3.2 Frame reception checks in the dynamic segment

Figure 125 depicts the frame reception timing that shall be met by a syntactically valid frame in the dynamic
segment.

The frame acceptance checks that the node shall apply during synchronized operation in the dynamic
segment are defined in the macro PROCESS_DYNAMIC_FRAME depicted in Figure 126.
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For each configured communication channel the node shall accept the first frame that fulfils all of the following
criteria.

— The frame ID included in the header of the frame is greater than 0 and matches the value of the slot
counter vSlotCounter.

— The cycle count included in the header of the frame matches the value of the cycle counter
vCycleCounter.

— The sync frame indicator included in the header is set to zero.

— | The startup frame indicator included in the header is set to zero.

— |The null frame indicator included in the header is set to one.

start of frame with ID x channel idle recognition point
must occur within used to determine the end of
dynamic slot x the dynamic slot
('CE start on A/B') ('CHIRP on A/B')
channel idle
channel idle channel active delimiter channel idle
minislots --- | | --=----- \ ---
dynamic
slot idle
phase
dynamic slot
¢ g

Figure 125 — Frame reception timing for a dynamic slot

Figyre 126 depicts the frame acceptance checks for the dynamic segment [FSP_A|.

vRF!Header!FramelD > 0
and
VRF!Header!FramelD = vSlotCounter
and
vRF!Header!CycleCount = vCycleCounter
and
VRF!Header!SyFIndicator =0
and
VRF!Header!SuFIndicator = 0

( PROCESS_DYNAMIC _ and

ERAME A wREHeaderNFndeator=1-2
\
trL‘Je fal‘se
vSS!ValidFrame := true; vSS!ContentError := true;

Figure 126 — Frame acceptance checks for the dynamic segment [FSP_A]
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10.3.6 FSP:wait for CHIRP state

The FSP:wait for CHIRP state and the transitions out of this state are depicted in Figure 127.

For each configured communication channel a node shall remain in the FSP:wait for CHIRP state until either

the node starts transmitting on the communication channel.

the channel idle recognition point is identified on the communication channel, or

If either a slot boundary or one of the four segment boundaries is crossed then the node shall execute the

SLOT_SEG
received, tq
CHIRP stat

\1%

wait for CHIRP )

160

MENT_END macro to provide the current slot status, and any frame data that may have)rbeen
the host interface for further processing. In this case the node shall remain in the FSR:wait for

CHIRP on A

decoding halted on A

decoding error on A ()

A

< wait for CE start

vSS!SyntaxError := true;
vSSITxConflict := true;

vSS!SyntaxError := true;

v

( wait for transmissign,end ) (

wait for CHIRP )

static segment start on A
(vCycleCounter, vSlotCounter)

slot boundary on A
(vSlotCounter)

zSegment := STATIC;

dynamic segment start
on A (vSlotCounter)

symbol window start
on A (vSlotCounter)

NIT start on A
(vSlotCounter)

zSegment :Z.DYNAMIC;

zSegment := SW;

zSegment := NIT;

y

|-
L |

vSS!BViolation:= true;

\
SLOT_SEGMENT_END
A

A

\

wait for CHIRP

)

Figure 127 — Transitions from the FSP:wait for CHIRP state [FSP_A]
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The FSP:wait for transmission end state and the transitions out of this state are depicted in Figure 128.

For each configured communication channel a node shall remain in the FSP:wait for transmission end state

until either

— the transmission ends on the channel, or

— the slot boundary or one of the four segment boundaries is crossed.

If either a slot boundary or one of the four segment boundaries is crossed then the node shalhs

protpcol error to the protocol operation control process.

( wait for transmission end

)

gnal a fatal

frame transmitted on A

=

zNullframe ?

I
false
\

VISS!IFrameSent = true;

true

slot boundary on
static segment st;

A O,
rton A (),

dynamic segmen{ start on A (),

decoding started on A symbol window start on A (),
[ NIT start on A ()
zTransmit := true;
| 'set transmission pcross slot
vSS!ValidFrame ? boundary violatiof indicator on

I
true

\
vSS!ValidFrame := false;

fatal protocol error

Ain CHI’;

11 |Wakeup and-Startup

11.1 General

Thig clause-describes the protocol mechanisms available to allow a node to cause a transition o
cluster.from a sleep mode to a mode where nodes are ready to begin synchronized operation (wak

/ vSS!SyntaxError := true; \/
< whit for transmission end ) false standby
\j
( wait for CHIRP )

Figure 128 — Transifion's from the FSP:wait for transmission end state [FSP_A]

a FlexRay
eup) and to

a”o 1 = nnda to aithar nitiata cvunchronizad anaration or intacrata inta a2 clictar that ic alraadh, 0 eratln
v—a-hode—to—eitherinitiate—synchronized—operation—or—integrate—into—a—cluster—thatis—akready op g

(startup).

First the protocol mechanisms of remote cluster wakeup are described in detail. Additional material in the form
of application notes related to the interaction between the communication controller and host, as well as
describing techniques for wakeup during operation, may be found in Annex C.

Following the cluster wakeup subclause, communication startup is described. This subclause also describes
the integration (or reintegration) of nodes into a communication cluster.
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11.2 Cluster wakeup

11.2.1 Prin

ciples

This subclause describes the procedure8?) used by communication controllers to initiate the remote cluster
wakeup. The following procedures assume that the bus drivers in the system support the optional remote
wakeup detection capability.

The minimum prerequisite for a cluster wakeup is that the receivers of all bus drivers be supplied with power.
A bus driver has the ability to wake up the other components of its node when it receives a wakeup pattern on

its channel.

The host ¢
ability to tr

The wakeu
faulty node
shall config

ensures thgt ongoing communication on this channel is not disturbed.

The wakeup pattern then causes any fault-free receiving node to wake up if it is-still asleep. Generally, the

driver of the
controller n
phases.

The commu

after the transmission of the wakeup pattern84) since these nades cannot give feedback until the sta

phase. The

The wakeu
cluster wak

TJOoTTCCTT

mpletely controls the wakeup procedure®3). The communication controller provides thé host
smit a special wakeup pattern (see clause 7) on each of its available channels separately.

D pattern shall not be transmitted on both channels at the same time. This is dene to preve

from disturbing communication on both channels simultaneously with the transmission. The
ure which channel the communication controller shall wake up. The comniunication contr

receiving node recognizes the wakeup pattern and triggers the node wakeup. The communica
beds to recognize the wakeup pattern only during the wakeup{(for collision resolution) and sta

nication controller cannot verify whether all nodes connected to the configured channel are aw
host shall be aware of possible failures of the wakeup and act accordingly.

b procedure supports the ability for single-ehannel devices in a dual-channel system to ini

node, whic

and transmits a wakeup pattern on it (see Annex:C).

The wakeu

resolves th|s situation such that eventually only one node transmits the wakeup pattern. Additionally,

wakeup pa
transmit a v

11.2.2 Des

The wakeu
between thg

bup by transmitting the wakeup pattern on the single channel to which they are connected. Ang
has access to both channels, then assumes the responsibility for waking up the other cha
procedure tolerates any number of nodes simultaneously trying to wake up a channel

ern is collision resilient; g eéven in the presence of a fault causing two nodes to simultaneo
akeup pattern the signal resulting from the collision can still wake up the other nodes.

cription

p procedure~is a subset of the Protocol Operation Control (POC) process. The relation
> POC arid the other protocol processes is depicted in Figure 12985),

the

nt a
host
Dller

bus
tion
rtup

ake
rtup

iate
ther
hnel

and
the
usly

ship

82)

To simplify discussion, the sequence of tasks executed while triggering the cluster wakeup is referred to here as the

wakeup "procedure” even though it is realized as an SDL macro, and not an SDL procedure. The normal
grammatical use of the term is intended rather than the precise SDL definition. Since SDL processes are not used in
the wakeup mechanism, the usage does not introduce ambiguity.

83)

change
84)
85)

to the POC:ready state during wakeup may have consequences regarding the consistency of the cluster.

For example, the transmission unit of the bus driver may be faulty.
The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines

are relevant to the protocol, but not to this clause.
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The host may force a mode change from wakeup mode to the POC:ready state. Note, however, that a forced mode-
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to / from host

'

-l
controller > |
host interface
am B protocol
operation
control B e —
. clock
macrotick .
- synchronization
generation .
processing
clock L
synchronization clock \
startup | synchronization
channel B | startup channel A
OV
media access </ flame and symbol
control e~ processing
channel A media channel A
access \
control A
channel B
coding / decodihg N frame anc
processes symbol
channel A processinp
channel B
coding / decoding T
| processes
to channel interface channel B from channel interface
Figure 129 — Protocol operation control context
11.2.3 Wakeupsupport by the communication controller
11.2.3.1 \Host interaction
Th\. haoct chall initializn tha valearin Af tha ElavD Ay, slhictnyry Tha haoct hac 0 nnnfinurc thc WGI\C up Channel

oSt ST Ttz S e VoK e O P o tHic— T e AT o Yy~ Croa St T T e~ oot oo to— T o

pWakeupChannel while the communication controller is in the POC:config state.

The host commands its communication controller to send a wakeup pattern on channel pwakeupChannel
while the communication controller is in the POC:ready state. The communication controller then leaves the
POC:ready state, begins the wakeup procedure (see Figure 130) and tries to transmit a wakeup pattern on the
configured channel. Upon completion of the procedure it signals back the status of the wakeup attempt to the
host (see 13.3.1.3.2).

The host shall properly configure the communication controller before it may trigger the cluster wakeup.

In the SDL description the wakeup procedure is realized as a macro that is called by the protocol operation
control state machine (see clause 6).
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11.2.3.2 Wakeup state diagram

Figure 130 depicts the structure of the wakeup state machine [POC].

dcl zWakeupNoiseOut Boolean; [
UT timer tWakeup := pdListenTimeout;
UT timer tWakeupNoise := gListenNoise * pdListenTimeout;
WAKEUP | FSP control on A (STARTUP),
FSP control on B (STARTUP),

MAC control on A (STANDBY),
MAC control on B (STANDBY),
CSP control (STANDBY)

WAKEUP_LISTEN | abort
- wakeup
I

enter send

‘ detect

WAKEUP_SEND —collision—— WAKEUP_DETECT
‘ cause

wakeup complete
[ Y

®

Figure 130 — Structure of the wakeup state machine [POC]

The paramgter pWakeupChannel identifies the channel®that the communication controller is configurefl to
wake up. The host can only configure the wakeup channel in the POC:config state. After the communicgtion

controller has entered the POC:ready state the hastcan initiate wakeup on channel pWwakeupChannel.

Upon completing the wakeup procedure the communication controller shall return into the POC:ready dtate

and signal tp the host the result of the wakeup attempt.

The return ¢ondition of the WAKEUP\macro is formally defined as T_WakeupStatus in 6.2.2.4 in Definition|(5).

The return gtatus variable vPOC!WakeupStatus is set by the POC to

UNDEFKINED, if thechiost has not issued a WAKEUP command since the last entry to the POC:default
config $tate (see Figure 29), or when the POC has not completed86) a wakeup requested by the host, jor

RECEIVED HEADER, if the communication controller has received a frame header without cofling
violation en“either channel during the initial listen phase, or

RECEIVED_WUP, if the communication controller has received a valid wakeup pattern on channel
pWakeupChannel during the initial listen phase, or

COLLISION_HEADER, if the communication controller has detected a collision during wakeup pattern
transmission by receiving a valid header during the ensuing detection phase, or

86)

164

This could occur if the wakeup is still in progress when the variable is examined by the host, if the POC aborted the
wakeup prior to completion due to an IMMEDIATE_READY, DEFERRED_READY, DEFFERED_HALT, or FREEZE
command from the host, or if the POC did not attempt a wakeup because pWakeupPattern < 2.
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— COLLISION_WUP, if the communication controller has detected a collision during wakeup pattern
transmission by receiving a valid wakeup pattern during the ensuing detection phase, or

— COLLISION_UNKNOWN, if the communication controller has detected a collision but did not detect a

subsequent reception event that would allow the collision to be categorized as either
COLLISION_HEADER or COLLISION_WUP, or

— TRANSMITTED, if the wakeup pattern was completely transmitted.

11.2.3.3 The POC:wakeup listen state

Figy

re 131 depicts the transitions from the POC:wakeup listen state [POC].

‘ set (tWakeup); ‘

set (tWakeupNoise);
zWakeupNoiseOut := false;

-

A J

‘ ‘ CHECK_ATTACHED_

( wakeup listen )
| [ \ |
header received on A, CAS_MTS decoded on A,
‘ header received on B ‘ wakeup decoded on A ‘ wakaByecaded on B CAS_MTS decoded on B
[
zZWakeupNoiseOut := false;
? | ;
pWakeupChannel ? else ‘ set (tWakeupNoise); ‘
I
=A
=B pWakeupChannel ?
vPOC!WakeupStatus := vPOC!WakeupStatus, := elge
RECEIVED_HEADER; RECEIVED_WUP;
Y >
abort wakeup abort wakeup
[ [ [ |
‘ CHIRP on A ‘ CHIRP on B ‘ idle end on A ‘ idle end on B
[ [ [ [
‘ zChannelldle(A) := tiue; ‘ ‘ zChannelldle(B) := true; ‘ ‘ zChannelldle(A) := false; ‘ ‘ zChannelldle(B) := false; ‘
}4 \ \ >
zWakeupNaiseOut ? false
true
trl‘Je zChannelldle(A) and >_1
zChanne‘IIdIe(B) ? ‘ set (tWakeup); ‘ ‘ reset (tWakeup); ‘
false # #
|
[ |
‘ tWakeup ‘ tWakeupNoise

1 CHANNELS

|continue waiing—

6

enter send

start transmission:

‘ zWakeupNoiseOut := true;

|

Figure 131 — Transitions from the POC:wakeup listen state [POC]87)

87) If all attached channels are stuck continuously active low POC will remain in the wakeup until the host commands it

to a different state.
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The purpose of the POC:wakeup listen state is to inhibit the transmission of the wakeup pattern if existing
communication or a startup is already in progress.

The timer tWakeup enables a fast cluster wakeup in a noise free environment, while the timer tWakeupNoise
enables wakeup under more difficult conditions when noise interference is present or if a single channel is
permanently busy.

When ongoing communication is detected or a wakeup of pWakeupChannel is already in progress, the
wakeup attempt is aborted.

11.2.3.4 The POC:wakeup send state

Figure 132 pepicts the Transitions from the POC:wakeup send state [POC].

WAKEUP_SEND >

pWakeupChannel ?

I
=A =B

\ \
transmit symbol on A transmit symbol on B
(WUP) (WUP)
\
h J
( wakeup send )
. |
WUP transmitted on A, wakeup collision gn A,
WUP transmitted on B wakeup collisioh 'en B
\ \
vPOC!WakeupStatus := vPOC!WakeupsStatus .= |
. . |
TRANSMITTED; COLLISION_‘UNKNOWN, : This macro also contains
HANDLE_DEFERRED_ HANDLE_DEFERRED_ | .- gafr.‘s't:j"“s tt°. dStitheS that are
CHI_COMMANDS CHI_COMMANDS  detined outside the macro.
wakeup detect collision
complete cause

Figute-132 — Transitions from the POC:wakeup send state [POC]

In this state} the'\communication controller transmits the wakeup pattern on the configured channel and checks
for collisiong

Since the communication controller transmits the wakeup pattern on pWakeupChannel, it cannot really
determine whether another node sends a wakeup pattern or frame on this channel during its transmission.
Only during the idle portions of the wakeup pattern can it listen to the channel. If during one of these idle
portions activity is detected, the communication controller leaves the send phase and enters a succeeding
monitoring phase (POC:wakeup detect state) so that the cause of the collision might be identified and
presented to the host.
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11.2.3.5 The POC:wakeup detect state

Figure 133 depicts the transitions from the POC:wakeup detect state [POC].

Q WAKEUP_DETECT >

set (tWakeup);

else]

In this state, the communication controller attempts to discover the reason for the wake

enc

The
able
tran
iden
rest
(6{0)
(6{0)

Thig
indi

-2:2013(E)

A

/

wakeup detect

header received on A,

C

Figure 133 — Transitions fran@the POC:wakeup detect state [POC]

buntered in the previous state (POG:wakeup send).

Fe are circumstances where a'collision is detected between a WUS and a frame, but the mech
to identify the actual cause of the collision, returning COLLISION_UNKNOWN instead. If th
smitted the frame that(Collided with the WUS transmits another frame within approximately twi
tification procedure ‘will return COLLISION_HEADER, but if the node does not continue trang
It may still be COLLISION_UNKNOWN. As a result, it is not possible to rely on the exi
| LISION_HEADER indication if the cause of a collision was actually a collision with

L LISION_HEADER is returned, however, it is certain that frames were present on the network.

monitaring is bounded by the expiration of the timer tWakeup. The detection of either a wak
catinga wakeup attempt by another node or the reception of a frame header indicati

corm

munication causes a direct transition to the POC:ready state.

‘ wakeup decoded on A ‘ wakeup decoded on B header received on B tWakeup
\ \
pWakeupChannel ? pWakeupChannel ? else
\ \
=A =B
\ |
\4 vPOC!WakeupStatus := vPOC!WakelipStatus :=
vPOCIWakeupStatus := COLLISIONHEADER,; COLLISION_PUNKNOWN;
COLLISION_WUP;
| >

ip collision

hnism is not
E node that
b cycles the
mission the
stence of a
A frame. If

eup pattern
ng existing

11.3 Communication startup and reintegration

11.3.1 General

A TDMA based communication scheme requires synchrony and alignment of all nodes that participate in
cluster communication. A fault-tolerant, distributed startup strategy is specified for initial synchronisation of all
nodes. This strategy is described in the following subclauses.
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11.3.2 Prin

ciples

11.3.2.1 Definition and properties

Before communication startup can be performed, the cluster has to be awake, so the wakeup procedure has

to be compl

eted before startup can commence. The startup is performed on all channels synchronously

The action of initiating a startup process is called a coldstart. Only a limited number of nodes may initiate a
startup, they are called the coldstart nodes. The process outlined below effectively describes the startup
procedure of FlexRay clusters using any synchronisation method. As the TT-E synchronisation method uses a

as

drastically simplified startup process much of the description is not relevant for TT-F coldstart node

indicated in

With the ex
symbol (CA
CAS. ltis th

A coldstart
frame head
nodes are 1
coldstart ng
sync node.
of three or 1

A coldstart
integrates U
node can n
nodes esse

A node is
STARTUP

may only tr
awake befo
11.3.2.2 H

11.3.2.2.1

The systen
second stef

11.3.2.2.2

the textual and SDL description.

ception of TT-E clusters a coldstart attempt begins with the transmission of a collision avoids
S). Only the coldstart node that transmits the CAS transmits frames in the first four cycles after
en joined first by the other coldstart nodes (if present) and afterwards by all othepr nodes.

node has the configuration parameter pKeySlotUsedForStartup set to true and\is configured w
er containing a startup frame indicator set to one (see clause 8). At least, two fault-free cold
ecessary for the cluster to start up. In TT-D clusters consisting of two_rodes, each node shall

de. Each startup frame shall also be a sync frame; therefore each. coldstart node will also
In order to accommaodate the possibility of the failure of a coldstart node, a TT-D cluster consis
hore nodes should configure at least three nodes as coldstart podes88).

node that actively starts the cluster is also called a leading coldstart node. A coldstart node
pon another coldstart node is also called a following coldstart node. By definition a TT-L cold
bver be a following coldstart node, as it is the sole coldstart node of its cluster. As TT-E cold
htially skip the usual startup process, the distinctionis meaningless for them.

in "startup" if its protocol operation control\machine is in one of the states contained in
macro (VPOC!State is set to STARTUP during this time, see Figure 30). During startup, a n

hnsmit startup frames. Any coldstart node“shall wake up the cluster or determine that it is alrg
Fe entering startup (see C.2).

rinciple of operation

General

startup consists of“two logical steps. In the first step dedicated coldstart nodes start up. In
the other nodes.integrate to the coldstart nodes.

Startup performed by the coldstart nodes

During sta

nce
the

th a
Start
he a
e a
ting

that
Start
start

the
ode
ady

the

rtp a coldstart node behaves as follows.
Only t start nodes can initiate the cluster start up

When the TT-D synchronisation method is used by the cluster, each of the TT-D coldstart nodes finishes

its startup as soon as stable communication with one of the other coldstart nodes is established. A TT-L
coldstart node always finishes the startup after six cycles. A TT-E coldstart node finishes its startup as
soon as it receives the first cycle start from its time gateway source node after having previously received
information about rate and offset correction terms and confirmation that the time gateway source node is
in POC:normal active.

88) This does not imply any restrictions concerning which nodes may initiate a cluster wakeup.
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11.3.2.2.3

Integration of the non-coldstart nodes

During startup a non-coldstart node behaves as follows.

11.3

The

the

ISO 17458-2:2013(E)

A non-coldstart node requires at least two startup frames with different frame IDs for integration. Ina TT-
D cluster this condition ensures that each non-coldstart node always joins the majority of the coldstart

nodes89).

Integrating non-coldstart nodes may start their integration before coldstart nodes have finished their

startup.

.3 Description

to / from host

:

Integrating non-coldstart nodes in a TT-D cluster will not finish their startup until at leastiy
nodes have finished their startup.

Vo coldstart

startup procedure is a subset of the Protocol Operation Control (POC) process/The relationship between
POC and the other protocol processes is depicted in Figure 134.

to channel interface

controller -
P hostinterface P
A
N /
M N protocol
operation
i control
A A A
Y Y
macrotick clock
) <4—7—B synchronization
generation ]
processing
Y A A
clock Y
synAchronization clock
startup | synchronization
channel B | startup channel A
‘l A v V
L A
media access || frame and symbol
control N ——— processing
channel A media channel A
access
) control A
\/ channel B |/
coding / decoding M frame and
— processes symbol
channel A P il
I channel B
coding / decoding
\j processes
channel B

from channel interface

Figure 134 — Protocol operation control context

89) This is the case under the assumption that the cluster contains exactly the three recommended coldstart nodes.
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11.3.4 Coldstart inhibit mode

In coldstart inhibit mode the communication controller is prevented from initializing the TDMA communication
schedule. The communication controller is automatically set into coldstart inhibit mode prior to entering the
POC:ready state. The CC remains in this mode until the host commands the node to leave coldstart inhibit
mode by means of an ALLOW_COLDSTART command issued after the POC enters the POC:ready state90).

While in coldstart inhibit mode, the communication controller is not allowed to assume the role of a leading
coldstart node, i.e., entering the coldstart path is prohibited. The node is still allowed to integrate into a running
cluster or to act as a following coldstart node, transmitting startup frames after another coldstart node has
started the initialisation of cluster communication. Once the node is synchronized and integrated into cluster

communical

The coldsts
indicating t
mode.

The coldstg
host never

command during a startup procedure). As a result, the coldstart inhibit mode may’be used to attemq

ensure that
of them initi

A coldstart
mode as it {
without the

11.3.5 Staftup state diagram

11.3.5.1 (

There are s
by the leadi
D coldstart
byaTT-E g

All of these

SDL descriptions in the subsequenticlauses.

fion, the coldstart inhibit mode does not restrict the node's ability to transmit frames.

rt inhibit status of a node is represented by the vColdstartinhibit variable, with a value of
e node is in coldstart inhibit mode and a value of false indicating the node is not in coldstart in
rt inhibit mode can be used either to completely prohibit active startup attempts of a node (if

issues an ALLOW_COLDSTART command), or only delay them (if the host issues the

all fault-free coldstart nodes are ready for startup and in the POC:coldstart listen state before
ptes a coldstart attempt.

hode in a TT-E cluster (i.e., a node with pExternalSync set toytrue) will never be in coldstart in

ollows a fundamentally different path for startup. Such nodes*will operate as a coldstart node ¢
ssuance of an ALLOW_COLDSTART command.

Dverview of the different startup paths
everal ways that a node can enter communication. Subclause 11.3.5.2 describes the path follo

hg coldstarter in a TT-D or TT-L cluster. Subclause 11.3.5.3 describes the paths available to a
node that does not act as the leading coldstarter. Subclause 11.3.5.5 describes the path follo

subclauses provide only(anoverview9?) of the operation - the precise behaviour is defined by

oldstart node. Subclause 11.3.5.6-describes the path of a non-coldstart node in all cluster types.

true
nibit

the
CHI
t to
one

nibit
ven

wed
TT-
wed

the

90) There is no mechanism that allows the host to explicitly place the node into coldstart inhibit mode - this happens
automatically as part of the process of reaching POC:ready.
91) There are a large number of paths possible involving multiple executions of the STARTUP_PREPARE macro (for
example, paths involving one or more aborted startup attempts). No overview of these paths is provided, but their
behaviour is explicitly defined by the SDL descriptions in this subclause.
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Figure 135 depicts the startup state di

dcl zZTwoSNRequired  Boolean;
dcl zStartupNoiseOut ~ Boolean;
dcl zColdstartNoise Boolean;
dcl zColdstartAborted  Boolean;

dcl zCycleTemp T_CycleCounter;
dcl zIntegrating T_ChannelBoolArray;
dcl zZTwoSNSeen Integer;

dcl vRemainingColdstartAttempts Integer;

agram [POC].

STARTUP

d )

ISO 17458-2:2013(E)

vRemainingColdstartAttempts := gColdstartAttempts;
'update vRemainingColdstartAttempts in CHI’;

r- - = - —
uT timer tStartup := pdListenTimeout; reE e r (optional) ]
UT timer tStartupNoise := gListenNoise * I enter |

’ ) . . STARTUP_PREPARE external EXTERNAL_STARTUP
pdListenTimeout;
i i | startup |
enter enter ~—_ T T — — T T V"0 I
coldstart listen integration listen |
\ | 4 — 1
INTEGRATION_
‘ ‘ COLDSTART_LISTEN ‘ ‘ ‘ LISTEN
\ \
enter coldstart enter enter startup
collision resolution enter initialize schedule prepare
initialize schedule
COLDSTART_COL- INITIACIZE _ |
LISION_RESOLUTION SEHEDULE \
\ \
enter coldstart abort enter integration  enter integration enter startup
consistency check startup coldstart check  consistency check prepare
COLDSTART_CON- INTEGRATION .COLD- INTEGRATION_CON-
SISTENCY_CHECK START_CHECK SISTENCY_CHECK
I I abort | I
enter enter startup enter abort abort enter
operation coldstart gap coldstart join startup  startup operation
‘ ‘ COLDSTART_JOIN }—‘
\
enter abort
‘ COLDSTART GAP operation startup
aport
enter coldstart startup
collision resolution
‘ ‘ ABORT_STARTUP ‘
\
Figure 135 — Startup state diagram [POC]
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Figure 136 depicts the helpful macros for startup [POC].

zColdstartAborted := false;
zColdstartNoise := false;
Q STARTUP_PREPARE ) zIntegrating(A:B) := false; Q ABORT_STARTUP )

\ \
‘ FSP control on A (STANDBY), ‘
FSP control on B (STANDBY),

MAC control on A (STANDBY) ‘ -
’ reset macrotick
true: pExternalSync ? MAC control on B (STANDBY), eneration ‘
CSP control (STANDRY) 9en

false ‘
: zColdstartAborted ?
FSP control on A (STARTUP), ‘
FSP control on B (STARTUP), true false
\ MAC control on A (STANDBY), S
attempt integration ‘ MAC control on B (STANDBY), indicator in CHI' ‘
[ CSP control (NOSYNC) !
pKeySlotUsed-
ForStartup ? false
T
true
vRemainingCold- clse
startAttempts ?
>1
vColdstartinhibit ? true———
false
enter enter enter
external startup coldstart listen integration listen

Figure 136 — Helpful macr@s for startup [POC]
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Figure 137 depicts the example of state transitions for a fault-free startup.

ISO 17458-

earliest point in

2:2013(E)

time for all

nodes to leave startup

\ \ \ \ \ \
Node A POC coldstart L . coldstart .
coldstartnode  state ready I listen I coldstart collision resolution consistency check normal active
scchyecc;ﬁle no schedule cycle 0 Y cycle 1 Y cycle 2 Y cycle 3 \ cycle 4 Y cycle 5 Y cycle 6 X cycle 7 Y cycle 8
Node B POC coldstart initialize integration coldstart i i
coldstartnode  state ready I listen Lchedule 9 check coldstart join normallactive
Node C . L initiali ) ) . normal
5&% ready Ilntegratlon Ilstenﬂgﬁggﬁﬁr integration consistency check active
CAS| S S S S SS S S SS SS 5SS
I Al - el
CAS S S
Legend U : CAS symbol : startup frame of node A staitlip frame of node B : frame of nodg C
Figure 137 — Example of state trarsitions for a fault-free startup 92
11.3.5.2 Path of a TT-D leading coldstart hode

Nod

When a coldstart node enters startup, it listens to its attached channels and attempts to recei

frames (see SDL macro COLDSTART_LISTEN in Figure 142).

If n

e A in Figure 137 follows this pathcand is therefore called a leading coldstart node.

CA$ symbol is succeeded by the first regular cycle. This cycle has the number zero.

Fromn cycle zero gn,the node transmits its startup frame (with the exception of the coldstart gap or
Startup attemnpt). Since each coldstart node is allowed to perform a coldstart attempt, it may
bral nodes.simultaneously transmit the CAS symbol and enter the coldstart path. This situation
ng the,first four cycles after CAS transmission. As soon as a node that initiates a colds
ivessa' CAS symbol or a frame header during these four cycles, it reenters the listen state.

the
sev
duri
rece

b communication93) is\.réceived, the node commences a coldstart attempt. The initial transn

ve FlexRay

nission of a

the abort of
occur that
is resolved
art attempt

Consequently, only one node remains in this path (see SDL macro COLDSTART_COLLISION_RESOLUTION

in Fi

gure 144).

In cycle four, other coldstart nodes begin to transmit their startup frames. The node that initiated the coldstart
collects all startup frames from cycle four and five and performs the clock correction as described in
clause 12. If clock correction does not signal any errors and the node has received at least one valid startup

92) Several simplifications have been made within this diagram to make it more accessible, e.g. the state transitions do

not occur on cycle change, but well before that (see clause 12).

93) See Figure 142 for exact definition.
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pair,
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the  node leaves  startup and  enters  operation (see  SDL

COLDSTART_CONSISTENCY_CHECK in Figure 145).

11.3.5.3 Path of a TT-D following coldstart node

Node B in Figure 137 follows this path and is therefore called a following coldstart node.

macro

When a coldstart node enters the startup, it listens to its attached channels and attempts to receive FlexRay
frames (see SDL macro COLDSTART _LISTEN in Figure 142).

If communi
pair of start
see SDL m

If these fran
following d
sufficient fr
reenters thq

If for the fol
node is visi
the node th

p frames to deri
hcro INITIALIZE_SCHEDULE in Figure 147).

he receptions have been successful, it collects all sync frames and performs clock cortection in
uble cycle. If clock correction does not signal any errors and if the node continues to rec
mes from the same node it has integrated on, it begins to transmit its startup\frame; otherwi
listen state (see SDL macro INTEGRATION_COLDSTART_CHECK in Figure‘148).

owing three cycles the clock correction does not signal any errors and-at least one other cold

ht initiated the coldstart (see SDL macro COLDSTART_JOIN in Figure 149).

Another pa

execution df the STARTUP_PREPARE macro, the node is prevented from acting as a leading coldsta
(either becguse the vColdstartinhibit flag is set to true, or because’the vRemainingColdstartAttempts vari
indicates there are no remaining coldstart attempts) the node willinstead begin to act as a normal integra

node, waiti
INTEGRAT
INITIALIZE]

11.3.54 H

Node A in F
Whena TT

frames (se
frames of i

The initial t%

of zero.

h, not shown in Figure 137, is also possible for an integrating coldstart node. If, at the time of

g for a leading coldstarter to begin transmissions that will initialize the schedule (see SDL m
ON_LISTEN). Once such communication IS detected, the node then executes
| SCHEDULE macro and behaves as described-earlier in this subclause.

ath of a TT-L coldstart node
igure 138 follows this path.
L coldstart node enters startup, it listens to its attached channels and attempts to receive Flex

SDL macro COLDSTART, LISTEN in Figure 142) even though it is the sole provider of stg
cluster. As no communication can be received, the node soon commences a coldstart atte

alid
and

the

eive
5e it

Start
ble, the node leaves startup and enters operation. Thereby, it leaves ‘startup at least one cycle after

the

wrter
Able

ting
hCro
the

Ray
rtup
mpt.

nsmission of a CAS-symbol is succeeded by the first regular cycle, which is given a cycle nunmber

94) See clause 12 for exact definition.
95) Presumably it is the node that initiated the coldstart, but not necessarily.
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earliest point in time for all
nodes to leave startup

2:2013(E)

| | | | | | |
Node A pPOC coldstart - . coldstart )
coldstartnode  State ready I listen I coldstart collision resolution consistency check normal active
scchiccliile no schedule cycle 0 Y cycle 1 X cycle 2 Y cycle 3 Y cycle 4 Y cycle 5 X cycle 6 Y cycle 7 Y cycle 8
Node B PoC read integration listen | initialize integration consistency check normal active
state Y 9 schedule 9 4
CAS|S S|S S|S S|S S|S S|s S|S s|s.S|s s
e I N A e A AT AT
CAS S
Lepend U : CAS symbol : startup frame of node A H : frame of node B

Frofn cycle zero on, the node transmits its two startup frames.

As

cas
folld
prod
mai

11.3

Figu
this
sou
time

Figd
the

no collision with startup frames or CAS symbols transmitted by other nodes can occur (in th

wing two cycles, the TT-L coldstart node remains in POC:coldstart consistency check

htain the TT-L cluster (see SDL macro COLDSTART_CONSISTENCY_CHECK in Figure 145).

Figure 138 — Example of state transitions for a fault-free startup in a TT-L cluster®

), the TT-L coldstart node proceeds straight through the POC:coldstart collision resolution s

eeds on to POC:normal active, as the twoStartup frames it provides are sufficient to ir

.5.5 Path of a TT-E coldstart node

re 139 depicts a system topology that is used to describe the path followed by TT-E coldsta
figure, which depicts two independent time gateways, nodes M, N, P and Q are connected
ce cluster (a cluster using the TT-D synchronisation mode) and nodes A, B, and C are conn
sink cluster. In the TT-D cluster, nodes N, P, and Q are coldstart nodes.

re 140 depicts the-path of nodes A and B, the coldstart nodes of the TT-E cluster. As Figure
behaviour of a-hode following this path is straightforward.

=

O)

e fault-free
tate. In the
and always
itialize and

It nodes. In
to the time
pcted to the

141 shows,

96) Please note that several simplifications have been made within this diagram to make it more accessible, e.g. the

state transitions do not occur on cycle change, but well before that (see clause 12).
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Node P Node Q

Node M
time gateway time gateway

source node 1 source node 2
TT-D cluster

Node N

The node fi
this, the no
(just started

I I I

I I |

I I |

I I |

I I I

I I |
TT'E\,:UDLCI | |

I I

I I

I I

I I

I I

| |
| |
Node A : Node B :
time gateway I time gateway I Legend:
sink node 1 | sink node 2 |
I I coldstart
—————— —-—— - " node (’Et
non-cold-
Node C start' node

Figure 139 — Topology for the startup example ofa TT-E cluster

Fst starts the CSP, MAC and FSP processes and thenvawaits the first cycle start signal; receiying
e directly continues into POC:normal active. The“cycle start signal is generated as soon as| the
) CSP process has managed to synchronize itselfonto the time gateway source (see Figure 156).
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time gateway 1
Node M integration consistency )
time gateway ot heck normal active
source node | e | | | | | | | | | | |
; | | | | | | | | | | | |
tlmecilocllgcseclgleudsttjleer )‘;’\cycle 18)(\cycle 19)(\cycle 20)‘{\cycle le(\cycle szficycle 23)‘;’\cycle 24)E/\cycle 25)E/\cycle 26)‘;’\cycle 27)E/\cycle 28)‘(:
i i i i i i i i i i i i
Node A POC external i
time gateway ~ state ready Istartup normal active
sink node | | | | | | | | | | | |
q H | | | | | | | | | | | |
t'?ﬁ:ﬁ;nsﬁﬁgdsﬁg no schedule cycle 20 | cycle 21 ) cycle 22 ) cycle 23 ) cycle 24 ) cycle 25 ) cycle 26 ) cycle 27 ) cycle 28
1 1 1 1 1 1 1 1 1 1 1 3
cdTSrcCycleOffset | | | | | | | | | I
timg gateway 2 —_— | ! ! ! ! ! ! ! !
NbdeN  poc | | | | | | | | | | | |
i Idstart initial int i Idstart . .
ts'gjg:tnegé%y state ready c?ists(;r?r ISIZLE diﬁél n egraclﬁgcti‘(o star coldstart join I norrpal active
Npde B POC
tie gateway state ready Iemema]stame normal active
simk node
Nofle C sptgt(é: ready I intﬁgtr:r:ion Egﬁ?gﬁ%l integration consistency. check normal aftive
Sss |ss |ss |s9s/ |ss |ss |s S |ssss||ssss
e e i i
timg sink cluster
s s
Lepend : startup frame of node A : startup frame of node B : frame of node C
Figure 140 — Example of state'transitions for a fault-free startup in a TT-E cluster9)
Node A in Figure 140 enters POG:normal active very shortly after its time gateway source node (rjode M) has
entgred POC:normal active itself. The time gateway source node has provided the node A with|all relevant
infofmation about clock carrection values during cycles 18 and 19, but as node M was not yet in POC:normal
actiye, node A could not-proceed. Node A uses the cycle counter value provided by the time soulce gateway
node and therefore directly starts with the cycle number 20, the same cycle number the time solrce cluster
currently uses. The'cycle schedules of Figure 140 have been drawn slightly offset to one another tp symbolize
the fixed offset ef €dTSrcCycleOffset microticks between the cluster schedules.
The| second-TT-E coldstart node, node B, also enters POC:normal active as soon as it has feceived all
relejyant_ terms from its time gateway source node (node N) and does not verify its view on the schedule
aga|nstithe already present startup frames. Node B is not required for node C to complete its startup.

97) Several simplifications have been made within this diagram to make it more accessible, e.g. the state transitions do
not occur on cycle change, but well before that (see clause 12).
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TT-E time gateway sink behaviour (optional)l

EXTERNAL_STARTUP >

‘ FSP control on A (GO),
vPOC!StartupState := FSP control on B (GO),
EXTERNAL_STARTUP; MAC control on A (ALL),

'update vPOC in CHI’; MAC control on B (ALL),
I CSP control (SYNC)

vPOC!SlotMode ?

else——

l
KEYSLOT
L

11.3.5.6 H
Node C in F

When a no
frames (ses

If communi

pair of starltj

see SDL m
In the follow
cluster thes
the node al

After receiy
node leaves

For TT-D ¢

<
-

external startup > FSP control on A (GO),
‘ FSP control on B (GO),
MAC control on A (KEYSLOTONLY),
MAC control on B (KEYSLOTONLY),
CSP control (SYNC)

cycle start
(vCycleCounter)

Figure 141 — External startup state [POC]

ath of a non-coldstart node
igure 137, Node B in Figure 138, and Node C\in Figure 140 follow this path.

n-coldstart node enters startup, it listens to its attached channels and tries to receive Flex
SDL macro INTEGRATION_LISTEN.in Figure 150).

cation98) is received, it tries tosintegrate to a transmitting coldstart node. It tries to receive a
p frames to derive its schedule and clock correction from the coldstart node (see clause 12
cro INITIALIZE_SCHEDYLFE'in Figure 147).

ing double cycles, jt’ires to find at least two startup frames that fit into its own schedule. In a T
e frames will comé-from different coldstart nodes. If this fails, or if clock correction signals an e
orts the integration attempt and tries again.

ing two valid startup frame pairs with different frame IDs for two consecutive double cycles,
startup-ard enters operation.

usters, this means that the non-coldstart node leaves startup at least two cycles later than

Ray

alid
and

T-D
ror,

the

the

node that i

ot ao ol i+l lolad 4 I—L£f . 1 L 2l £ T 1 % ] % 'y il Al £
natcu uic vuivotalt. ITTuuvly, Al TIUUTOo UT'a T T LiuolTlh LAl 1TTave otditup at uic THhiu Ur vyo

e 7,

just before entering cycle 8 (see Figure 137 and SDL macro INTEGRATION_CONSISTENCY_CHECK in
Figure 151). For TT-D and TT-E clusters, this time is reduced by one double cycle, as the two necessary
startup frames are present as much earlier (see Figure 138 and Figure 140).

98) See cla

178

use 12 for exact definition.
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11.3.5.7 The POC:coldstart listen state

Figure 142 depicts the Transitions from the POC:coldstart listen state [POC].

Q COLDSTART_LISTEN )

zChannelldle(A) and false
zChannelldle(B) ?

true
|

‘ set (tStartup); ‘

zStartupNoiseOut := false;
set (tStartupNoise);

ISO 17458-2:2013(E)

rROCTStartapState-=—-CODSTART TSN,

'update vPOC in CHI’;

/
( coldstart listen )

header received on A,
header received on B,
CAS_MTS decoded on A,
CAS_MTS decoded on B

set (tStartupNoise);
zStartupNoiseOut := false;

\4

‘ CHIRP on A

‘ CHIRP on B ‘ idle end omA

idle end on B

‘ zChannelldle(A) := true; ‘

‘ zChannelldle(B) := true; ‘ ‘ zChannelldle(A) := false;

zChannelldle(B) := false;

“
-«

zStartupNoiseOut ?

false

true

zChannelldle(A) and

reset (tStartup);
reset (tStaftupNoise);

‘ zStartupNoiseOut := true; ‘

true
zChannelldle(B) ? ‘ set (tStartup); ‘ ‘ reset (tStartup);
false ¢ ¢
\ \ \ \
tStartup ‘ tStartupNoise ‘ integration started on A ‘ integration started on B
\ \ \
CHECK_ATTACHED_ ) _ . ] — .
‘ CHANNELS ‘ zIntegrating(A) := true; ‘ ‘ zIntegrating(B) := true;
T
start transmission  continue waiting ‘ >}
‘ reset (tStartup);
‘ zColdstartNoise := true; ‘ reset (tStartupNoise);
» \

enter initialize schedule

coldstart ‘

N

FSP control on A (STARTUP),

FSP control on B (STARTUP),

MAC control on A (STARTUPFRAMECAS),
MAC control on B (STARTUPFRAMECAS),
CSP control (SYNC)

)

enter coldstart
collision resolution

Figure 142 — Transitions from the POC:coldstart listen state [POC]99)

99)
a different state.
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Figure 143 depicts the Macro CHECK_ATTACHED_CHANNELS [POC].

< CHECK_ATTACHED_ )

CHANNELS
\
’7 = Channels ? = A&B
B_< " \ Ch I‘Idl (A)
zChannelldle(A) or
?
true zChannelldle(B) ~ —A true zChannelidle(B) ?
\ \
false | false
ZChanneTaieA) e —
\
false
|

continue waiting

O

start transmission

Figure 143 — Macro CHECK_ATTACHED_CHANNELS [POC]

A coldstart [node still allowed199) to initiate a coldstart enters the POC:coldstart listen state before actyally
performing [the coldstart. In this state the coldstart nodeytries to detect ongoing frame transmissions [and
coldstart atempts.

This state i§ left and the POC:initialize schedule state is entered as soon as a valid startup frame has fdeen
received (see clause 12 for details of this mechanism), as the node tries to integrate on the node that|has
transmitted [this frame.

When neither CAS symbols nor framesheaders can be detected for a predetermined time duration, the node
initiates the| coldstart and enters the(POC:coldstart collision resolution state. The amount of time that hgs to
pass beford a coldstart attempt may,be performed is defined by the two timers tStartup and tStartupNoise.

The timer t$tartup expires quiekly, but is stopped whenever a channel is active (see clause 7 for a descrigtion
of channel gtates). It is restarted when all attached channels are in idle state. The timer tStartupNoise is pnly
restarted by the reception. of correctly decoded headers or CAS symbols to guarantee a cluster startup when
noise interference isgresent or if a single channel is permanently busy.

100) See macro STARTUP_PREPARE in Figure 136. The condition 'vRemainingColdstartAttempts > 1' arises from the
necessity of using up one round through the POC:coldstart collision resolution state for the collision resolution and
needing the second round for actually integrating the other nodes.
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Figure 144 depicts the transitions from the POC:coldstart collision resolution state [POC].

COLDSTART_COL-
LISION_RESOLUTION

)

vRemainingColdstartAttempts := vRemainingColdstartAttempts - 1;

zCycleTemp :=0;

vPOC!StartupState := COLDSTART_COLLISION_RESOLUTION;

A
coldstart
resol

collision
ution

)

2 o n H £ orbabatari-Au P ST
Pt vRemMammgyg T oGSt RtemptST—CriT,

‘'update vPOC in CHI’;

SyncCalcResult

header received on A,
header received on B

CAS_MTS decoded.on A,
CAS_MTS decbded on B

HANDLE_DEFERRED _
CHI_COMMANDS

g

zCycleTemp :=
zCycleTemp + 1;

'set coldstart abort
indicator in CHI'

I )
1 This macro also contains

_ 4 transitions to states that are

else zCycleTemp ?

HANDLE_DEFERRED_
CHI_COMMANDS

: defined outside the macro.

[
=4

O

enter coldstart
consistency check

abort’startup

Figure 144 — Transitions from the POC:coldstart collision resolution state [POC]

Thel purpose of this state is to detect and resolve collisions between multiple simultaneous coldstart attempts

of several coldstart nodes. Each entry into this state starts a new coldstart attempt by this node.

Thel reception of a complete’ header without coding errors or the reception of a valid CAS symbol|causes the
communication controliér’/to abort the coldstart attempt. This resolves conflicts between multigle coldstart

nodps performing a-coldstart attempt at the same time, so only one leading coldstart node remains

In the fault-free\ease and under certain configuration constraints (see Annex A) only one coldstart node will
prog¢eed to the/POC:coldstart consistency check state. The other nodes abort startup since they| received a
frame header from the successful coldstart node.

The[nGmber of coldstart attempts that a node is allowed to make is restricted to the initial value of the variable

vRemainingColdstartAttempts. vRemainingColdstartAttempts is reduced by one for each attempted coldstart.
A node may enter the POC:coldstart listen state only if this variable is larger than one and it may enter the
POC:coldstart collision resolution state only if this variable is larger than zero. A value of larger than one is
required for entering the POC:coldstart listen state because one coldstart attempt may be used for performing

the collision resolution, in which case the coldstart attempt could fail.

After four cycles in this state, the node enters the POC:coldstart consistency check state.

© I1SO 2013 - All rights reserved
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11.3.5.9 The POC:coldstart consistency check state

Figure 145 depicts the transitions from the POC:coldstart consistency check state [POC].

COLDSTART_CON-
SISTENCY_CHECK

VvPOC!StartupState := COLDSTART_CONSISTENCY_CHECK;
‘'update vPOC in CHI’;

A J
( coldstart consistency )

check SyncCalcResult (zSyncCalcResult,

zStartupX, zRefX)

[ )
[ I This macro also contains

HANDLE_DEFERRED_ ———{ transitions to states that are

CHI CO'\‘AMANDS : defined outside the macro.

vCycleCounter ? odd
\
even
‘ ————else zStartupX ?
else zStartupX ? i
\
=0 >0

|
else—><7else—< zSyncCalcResult ?

|

vRemainingCold-
startAttempts ?

\

\ WITHIN_BOUNDS

>0 |
] i =
zColdstartAborted := true; vPOC.CoIdstartN_msp )
zColdstartNoise;
enter abort startup enter
coldstart gap operation

T

gure 145 — Transitions from the POC:coldstart consistency check state [POC]101)

In this statg, the leading coldstart node checks whether the frames transmitted by other following coldstart
nodes (nontcoldstart nades cannot yet transmit in the fault-free case) fit into its schedule.

If a TT-D coldstartsnode receives no valid startup frames in the even cycle in this state, it is assumed thaf the
other coldsfart nodes were not ready soon enough to initialize their schedule from the first two startup frames
sent during|the,POC:coldstart collision resolution state. Therefore, if another coldstart attempt is allowed, the

d 4l Do lalat + ‘ot + W 4+l +lo lalad 4 | £ + |
node entersthe POt cotastart gap-stateto-wait-for-theotner-cotastart noces-togetreaay-

If a TT-D coldstart node has received a valid startup frame in the even cycle in this state, but the clock
correction signals errors in the odd cycle or no valid pair of startup frames can be received in the double cycle,
the node aborts the coldstart attempt.

If a TT-D coldstart node has received a valid pair of startup frames and the clock correction signals no errors
the node leaves startup and enters operation (see clause 6).

101) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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A TT-L coldstart node will enter operation after having remained for two cycles in this state, as it is the sole
provider of startup frames of the cluster.

11.3.5.10 The POC:coldstart gap state

Figure 146 depicts the transitions from the POC:coldstart gap state [POC].

COLDSTART_GAP >

FSP control on A (STARTUP),
FSP control on B (STARTUP),

vPOC!StartupState :=

VIAL COMroron A (NUTEej,
MAC control on B (NOCE),
CSP control (NOSYNC)

COLDSTART_GAP;
‘update vPOC in CHI’;

/

( coldstart gap

SyncCalcResult

O

enter

coldstart collision
resolution

header received on A,
header received on B

CAS_MTS decoded on A,
CAS_MTS decoded on B

|-

FSP control on A (STARTUP),
FSP control on B (STARTUP),

CSP control (SYNC)

L

zColdstartAborted := true;

MAC control on A (STARTURFRAME),
MAC control on B (STARTUPFRAME),

O

abort startup

Figure 146 — Transitions-from the POC:coldstart gap state [POC]

In the POC:coldstart gap state thetleading coldstart node stops transmitting its startup frame. Thi$ causes all

nodps currently integrating on the,leading coldstart node to abort their integration attempt.

In the same way as during“the POC:coldstart collision resolution state, the leading coldstart nod¢ aborts the
coldstart attempt if it receiyes a frame header or a valid CAS symbol. If it does not receive either,|it proceeds
aftef one cycle by reentering the POC:coldstart collision resolution state for another coldstart attempt.

© I1SO 2013 - All rights reserved
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11.3.5.11 The POC:initialize schedule state

Figure 147 depicts the transitions from the POC:initialize schedule state [POC].

SCHEDULE

vPOC!StartupState :=
INITIALIZE_SCHEDULE;
'update vPOC in CHI';

INITIALIZE_ >

|
y
( initialize schedule >
\ |
integration started on A integration started on B
\ \
infegration successful on A (), zIntegrating(A) := true; zIntegrating(B) := true;
infegration successful on B ()
Y >
\ \ |
integration aborted on A integration aborted on B
e pKeySlotUsed- zIntegrating(A) 5 false; zIntegrating(B) := false;

ForStartup ? |

‘ -

true zIntegrating(A) or ru
zlntegrating(B) ? =
\
false
gnter enter
integration integration
consistgncy check  coldstart check enter

startup prepare

Figure 147 — Transitions from the POC:initialize schedule state [POC]

As soon ap a valid _startup frame has been received in one of the listen states (see Figure 135),
POC:initialize schedule "state is entered. If clock synchronisation successfully receives a matching sed

on A or intggration successful on B), the POC goes to the POC:integration coldstart check state (for cold

the
ond
sful
start

valid startuar frame and derives a schedule from them (indicated by receiving the signal integration succes

nodes) or the"POC:integration consistency check state (for non-coldstart nodes).
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11.3.5.12 The POC:integration coldstart check state

Figure 148 depicts the transitions from the POC:integration coldstart check state [POC].

vPOC!StartupState :=
INTEGRATION_COLDSTART_CHECK;
'update vPOC in CHI’;

INTEGRATION_
COLDSTART_CHECK

\ ESP control on A (STARTUP)
FSP control on B (STARTUP),
MAC control on A (NOCE),

» MAC control on B (NOCE),
CSP control (NOSYNC)

integration
coldstart check

SyncCalcResult (zSyncCalcResult,
‘ zStartupX, zRefX)

zSyncCalcResult ? else——
T
WITHIN_BOUNDS
\
zStartupX ? = 0= P
\
>1 =1
1
zRefX ? false———p»
I
true
L—even vCycleCounter ?
I
odd
enter abort startup

coldstart join

~

Figure 148 — Transitions from the POC:integration coldstart check state [POC]103

Only integrating/(following) coldstart nodes pass through this state. In this state it shall be verifjed that the
clogk correction can be performed correctly, that at least one coldstart node is still available, and if{exactly one
coldstart node is available that it is the same coldstart node that was used to initialize the schedule

Thelclock correction is activated and if any error is signalled the integration attempt is aborted.

During the first double cycle in this state either two valid startup frame pairs or the startup frame pair of the
node that this node has integrated on shall be received; otherwise the node aborts the integration attempt.

If at the end of the first double cycle in this state the integration attempt has not been aborted, the
POC:coldstart join state is entered.

102) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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11.3.5.13 The POC:coldstart join state

Figure 149 depicts the transitions from the POC:coldstart join state [POC].

COLDSTART_JOIN ) FSP control on A (STARTUP),
‘ FSP control on B (STARTUP),
MAC control on A (STARTUPFRAME),
MAC control on B (STARTUPFRAME),
‘ CSP control (SYNC)

zCycleTemp :=0;
> vPOCI!StartupState := COLDSTART_JOIN;
‘update vPOC in CHI’;

( coldstart join )
| SyncCalcResult (zSyncCalcResult,

zStartupX, zRefX)

\ T
HANDLE DEFERRED : This macro also contains
—————— - transitions to states that are

CHI—CO'\‘AMANDS : defined outside the macror

zSyncCalcResult ? else———

\
WITHIN_BOUNDS

|
zCycleTemp =
zCycleTemp +1;

zStartupX ? =0——=p

>‘0
|

else zCycleTemp ?

[
=3

O O

enter abort startup
operation

Figure 149 -“Transitions from the POC:coldstart join state [POC]103)

Only following coldstart nodes enter this state. Upon entry they begin transmitting startup frames and contfnue
to do so in pubseguent cycles. Thereby, the leading coldstart node and the nodes joining it can check if their
schedules ggree with each other.

If the clock correction signals any error, the node aboris the integration attemprt.

If a node in this state sees at least one valid startup frame during all even cycles in this state and at least one
valid startup frame pair during all double cycles in this state, it leaves startup and enters operation (see
clause 6).

103) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles
and zRefPair in odd cycles. See Figure 157 for details.
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Figure 150 depicts the transitions from the POC:integration listen state [POC].

INTEGRATION_
LISTEN

)

vPOC!StartupState :=
INTEGRATION_LISTEN;
‘'update VPOC in CHI'.

A

( integration listen

CHI ALLOW_COLDSTART
command

integration started on A

integration started on B

zIntegrating(A) := true;

zIntegrating(B) := true;

vColdstartinhibit := false;

enter
initialize
schedule

In this state the node waits for either a valid/startup frame or for the vColdstartinhibit variable to be

If the vColdstartinhibit variable is cleared the node reevaluates whether it is allowed to initiate a ¢

congequently enter the POC:coldstart listen state.

enter
startup prepare

Figure 150 — Transitions from the POC:integration listen state [POC]

cleared.

Dldstart and
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11.3.5.15 The POC:integration consistency check state

Figure 151 depicts the transitions from the POC:integration consistency check state [POC].

SISTENCY_CHECK

FSP control on A (STARTUP),
INTEGRATION_CON- > FSP control on B (STARTUP),
MAC control on A (NOCE),

| MAC control on B (NOCE),

CSP control (NOSYNC)

zTwoSNSeen := 0;
zTwoSNRequired := false;

> vPOC!StartupState :=
INTEGRATION_CONSISTENCY_CHECK;
integration 'update vPOC in CHI’;
< consistency check )

zStartupX, zRefX)

SyncCalcResult (zSyncCaleResult,

zSyncCalcResult ?

else

I
WITHIN_BOUNDS
I

ZTwoSNSeen + 1;

—>1 zStartupX ? =0——>
T
=1
|
|
zRefX ? false—
\
true
|
zTwoSNRequired ? true—p
\
false
|
ZTwoSNSeen :=

zTwoSNSeen :=0;

7= ———————€ven

|

vCycleCounter ?

odd
|

zTwoSNRequired := true;

else

zTwoSNSeen ?

T
>=4

enter abort startup
operation

Figure 151 — Transitions from the POC:integration consistency check state [POC]104)

104) zStartupX is zStartupNodes in even cycles and zRxStartupPairs in odd cycles. zRefX is zRefNode in even cycles

188

and zRefPair in odd cycles. See Figure 157 for details.
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Only integrating non-coldstart nodes pass through this state. In this state the node verifies that clock
correction can be performed correctly and that enough coldstart nodes are sending startup frames that agree

with

the node's own schedule.

Clock correction is activated and if any errors are signalled the integration attempt is aborted.

During the first even cycle in this state, either two valid startup frames or the startup frame of the node that

this

node has integrated on shall be received; otherwise the node aborts the integration attempt.

During the first double cycle in this state, either two valid startup frame pairs or the startup frame pair of the
node that this node has integrated on shall be received; otherwise the node aborts the integration attempt.

Afte)
two

Nod
allo
dou

r the first double cycle, if less than two valid startup frames are received within an even cycle;
valid startup frame pairs are received within a double cycle, the startup attempt is aborted:

es in this state need to see two valid startup frame pairs for two consecutive double cycles
ved to leave startup and enter operation (see clause 6). Consequently, theyéave startup 3
ble cycle after the node that initiated the coldstart and only at the end of a cycle with an odd cy

por less than

each to be
it least one
le number.
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12 Clock synchronisation

12.1 Introduction
In a distributed communication system every node has its own clock. Because of temperature fluctuations,

voltage fluctuations, and production tolerances of the timing source (i.e. oscillator), the internal time bases of
the various nodes diverge after a short time, even if all the internal time bases are initially synchronized.

Figure 152 depicts the clock synchronisation context.

to / from host
controller
| host interface <
protocol
operation 4
control 2
4 A A N
\J Y \J
macrotick clock
: l——p synchronization
generation )
precessing
VY Ad A
clock A
synchronization clock
startup | synchronization
channel B | startup channel A
) A
media access W | frame and symbol [<
control _ processing
channel A ‘ media channel A
access
control
channel B \\
coding / decoding M frame and
processes symbol
channel A processing
channel B
coding / decoding
processeg
to channel interface channel B from channel interface

Figure 152 — Clock synchronisation context

A basic assumption for a time-triggered system is that every node in the cluster has approximately the same
view of time and this common global view of time is used as the basis for the communication timing for each
node. In this context, "approximately the same" means that the difference between any two nodes' views of
the global time is within a specified tolerance limit. The maximum value of this difference is known as the

precision.
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The FlexRay protocol uses a distributed clock synchronisation mechanism in which each node individually
synchronizes itself to the cluster by observing the timing of transmitted sync frames from other nodes. A fault-
tolerant algorithm is used.

The relationship between the clock synchronisation processes and the other protocol processes is depicted in
Figure 152105),

12.2 Time representation

12.2.1 Timing hierarchy

The|time representation inside a FlexRay node is based on cycles, macroticks and microticks: A’macrotick is
confposed of an integer number of microticks. A cycle is composed of an integer number, of macyoticks (see
Figuyre 153).

communication o 1 @ 3 4 5 m-1 @
cycle level

vCycleCounter

gCycleCountMax

gdCycle
i »
macrotick level 0 1 @ 3 4 5 n-1 @
vMacrotick gMacroPerCycle - 1

gdMacrotick

microtick level 0 1 @ 3 4 5

i »

vMicrotick  pdMicrotick

Figure 153 — Timing hierarchy

Microticks are time units derived directly from the communication controller's (external) oscillatof clock tick,
optipnally making/~dse of a prescaler. Microticks are controller-specific units. They may haye different
durations in different controllers. The granularity of a node's internal local time is a microtick.

The| macfoticks are synchronized on a cluster-wide basis. Within tolerances, the duration of a facrotick is
idertieal throughout aII synchronized nodes in a cluster. The duration of each local macrot|ck ig an mteger
num 2
within the same node The number of mlcrotlcks per macrotlck may also differ between nodes, and depends
on the oscillator frequency and the prescaler. Although any given macrotick consists of an integral number of
microticks, the average duration of all macroticks in a given cycle may be non-integral (i.e., it may consist of a
whole number of microticks plus a fraction of a microtick)106),

105) The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines
are relevant to the protocol, but not to this subclause.

106) This is true even for the nominal (uncorrected) average duration of a macrotick (for example 6 000 microticks
distributed over 137 macroticks).
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A cycle consists of an integer number of macroticks. The number of macroticks per cycle shall be identical in
all nodes in a cluster, and remains the same from cycle to cycle. At any given time all nodes should have the
same cycle number (except at cycle boundaries as a result of imperfect synchronisation in the cluster)107),

12.2.2 Global and local time

The global time of a cluster is the general common understanding of time inside the cluster. The FlexRay
protocol does not have an absolute or reference global time; every node has its own local view of the global
time.

The local tirre-is-the e of the node's clock-and-isrepresented-b e variables vCycleCounte
and vMicrotick. vCycleCounter and vMacrotick shall be visible to the application. The update of vCycleCounter
at the begirjning of a cycle shall be atomic with the update of vMacrotick108),

The local time is based on the local view of the global time. Every node uses the clock synehronisgtion
algorithm td attempt to adapt its local view of time to the global time.

The precisipn of a cluster is the maximum difference between the local times of any twe_synchronized nqdes
in the cluster.

12.2.3 Pargmeters and variables

vCycleCounter is the (controller-local) cycle number and is incremented by one at the beginning of gach
communication cycle. vCycleCounter ranges from 0 to gCycleCountMax. When gCycleCountMax is reached,
the cycle cpunter vCycleCounter shall be reset to zero in the next;communication cycle instead of bging
incremented.

vMacrotick | represents the current value of the (centroller-local) macrotick and ranges from
0 to (gMacrpPerCycle - 1). gMacroPerCycle defines the (integer) number of macroticks per cycle.

vMicrotick represents the current value of the (controller-local) microtick.
Definition: |T_Macrotick and T_Microtick B1)
syntype

T Macrotick
endsyhtype;

Integer

syntype
T Microtick
endsyhtype;

Irmteger

The FlexRaly "titing" will be configured by

— gCycleCountMax,
— gMacroPerCycle, and

— two of the three parameters pMicroPerCycle, gdCycle and pdMicrotick. pMicroPerCycle is the node
specific number of microticks per cycle, gdCycle is the cluster wide duration of one communication cycle,
and pdMicrotick is the node specific duration of one microtick. The relation between these three
parameters is described in B.4.16.

107) The cycle number discrepancy is at most one, and lasts no longer than the precision of the system.
108) An atomic action is an action where no interruption is possible.
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12.3 Synchronisation process

Clock synchronisation consists of two main concurrent processes. The macrotick generation process (MTG)
controls the cycle and macrotick counters and applies the rate and offset correction values. This process is
explained in detail in 12.7. The clock synchronisation process (CSP) performs the initialisation at cycle start,
the measurement and storage of deviation values, and the calculation of the offset and the rate correction
values.

Figure 154 illustrates the timing relationship between these two processes and the relationship to the media
access schedule.

media access schedule (MAC)

cycle 2n cycle 2n+1 cycle 2n+2 cycle 2n+3
tatic | dyn. | sym. | NIT static | dyn. | sym. | NIT static | dyn. | sym. | NIT static | dyn. | sym. | NIT
-
clpck sync correction schedule (MTG)
‘ ‘ offset offset
rate correction rate correction rate correction rate correction
T \ T
; - / ;
correction values .
clpck sync calculation schedule (CSP) ./ ~~~~~~~ ./ /'
[ ] i 1 e [Crl |,
4 4 / _ - _ -
\ N \ N A
S~ S~
\ / \ /
megsurement  \ measurement / 7 rate correction AN / 7
phase N values _ value correction N _
~ ~

~ —_— - ~ —_— -

offset correction
1 2 value correction

Key
1 measurement values
2 forrection values

Figure 164)*— Timing relationship between clock synchronisation operations and media pccess
schedule

Thel| primary task of the clock synchronisation function is to ensure that the time differences hetween the
nodesof a CluSter stay Withim the precisior.

Two types of time differences between nodes can be distinguished between
— Offset (phase) differences and

— Rate (frequency) differences.
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Methods are known to synchronize the local time base of different nodes using offset correction or rate
correction. FlexRay uses a combination of both methods. The following conditions shall be fulfilled.

— Rate correction and offset correction shall be done in the same way in all nodes. Rate correction shall be
performed over the entire cycle.

— Offset correction shall be performed only during the NIT in the odd communication cycle, starts at
pOffsetCorrectionStart, and shall be finished before the start of the next communication cycle.

— Offset changes (|mplemented by synchronlzmg the start time of the cycle) are descnbed by the variable

commy
commu
implem
window

SyncCalcResult and offset calc ready signals) is delayed until the NIT. The calculation shall be com

before

— Rate f

numbef

(pMicrg
the clo
zRate(
zRate(
indicats
of this
compu
delaye

The followin
Definition:
newty

11

endne
synty

Tf
endsy

orrection is determined by the clock synchronisation algorithm. The calculation
orrection takes place every cycle but a correction is only applied at the end- of
nication cycles. The calculation of zOffsetCorrection is based on values measuréd,in a sipgle

as long as the reaction to the computation (update of the CHI and’ transmission of

the offset correction phase begins.

of microticks that are added to the configured number of mictoticks in a communication ¢

PerCycle)109) zRateCorrection may be negative. The value of’zRateCorrection is determine
ck synchronisation algorithm and is only computed once. per double cycle. The calculatio
orrection takes place following the static segment™in an odd cycle. The calculation
orrection is based on the values measured in an (éven-odd double cycle. Although the
S that this computation cannot begin before the NIT,»an implementation may start the computg
parameter within the dynamic segment or symbol window as long as the reaction to
ation (update of the CHI and transmission of\the SyncCalcResult and rate calc ready signal
| until the NIT. The calculation shall be completed before the next even cycle begins.

g data types will be used in the definition of the clock synchronisation process:
T _EvenOdd and T_Deviation (I
pe T EvenOdd
terals even, odd;
Wtype;

pe

Deviation<{Z.T Microtick
htype;

nication cycle. Although the SDL indicates that this computation cannot begin hefore the NIT],
entation may start the computation of this parameter within the dynamic segment or symbol

fset
of
of
odd

an

the
lete

Fequency) changes are described by the variable zRateCorrection(_zRateCorrection is an int¢ger

ycle
1 by
h of
of
S5DL
tion
the
5) is

12)

| eperation control (POC) process sets the operating mode for the clock synchronisation pro

The protoc

ess

(CSP) (Figure 156) into one of the following modes.

— Inthe STANDBY mode the clock synchronisation process is effectively halted.

— In the NOSYNC mode CSP performs clock synchronisation under the assumption that it is not

transm

itting sync frames (i.e., it does not include its own clock in the clock correction computations).

— In the SYNC mode CSP performs clock synchronisation under the assumption that it is transmitting sync

frames

(i.e., itincludes its own clock in the clock correction computations).

109) pMicroPerCycle is the configured number of microticks per communication cycle without correction.
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Definition (43) gives the formal definition of the CSP operating modes.
Definition: T_CspMode and T_SyncCalcResult

newtype T CspMode
literals STANDBY, NOSYNC, SYNC;
endnewtype;

newtype T SyncCalcResult

literals WITHIN BOUNDS, EXCEEDS BOUNDS, MISSING TERM;
endnewtype;

(43)

After the POC sets the CSP mode to something other than STANDBY, the CSP waits)in”"the GSP:wait for
starfup state until the POC forces the node to a coldstart or to integrate into a clusterOThe startup procedure,

incliding its initialisation and interaction with other processes, is described in
INTEGRATION_CONTROL, which is explained in 12.4.

Be:l)re further explanation of the processes an array is defined (Definition (44)), which is used
franpe IDs of the sync frames that are considered in the clock correction procéss.

Def|nition: T_Arraylndex, T_SyncFramelDCount, and T_Frame|DJTable

syntype T ArraylIndex = Integer
constants 1 : cSyncFrameIDCountMax
endsyntype;

syntype T SyncFrameIDCount = Integen
constants 0 : cSyncFrameIDCountMax
endsyntype;

newtype T FrameIDTable
Array (T ArrayIndex, T /FramelD)
endnewtype;

Def|nition: T_SyncExtern

newtype T SynCkxtern
literass\UNSYNC, ACTIVE, PASSIVE;
endnewtypey;

he macro

o store the
(44)
(45)

© I1SO 2013 - All rights reserved
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Figure 155 depicts the declarations for the clock synchronisation process [CSP].

196

dcl zTSrcCycleStartRec
dcl zIntCycleStartRec

dcl zTSrcRateCorrRec

dcl zTSrcOffsetCorrRec
dcl zTSrcSyncCalcResRec
dcl zTSrcRateCorrection
dcl zTSrcOffsetCorrection
dcl zTSrcSyncCalcResult
dcl zExtCycleStartCounter

UT timer tCycleStartTimeout
UT timer tTSrcCycleOffset

Boolean;
Boolean;

Boolean;

Boolean;

Boolean;
T_Deviation;
T_Deviation;
T_SyncCalcResult;
T_CycleCounter;

:= cdCycleStartTimeout;
:= cdTSrcCycleOffset;

dcl zsMRateAB

dcl zStartupNodes
dcl zRxStartupPairs
dcl vStartupPairs

dcl zLine, zPos, z
dcl zRateCorrection
dcl zOffsetCorrection
dcl zActionPoint

dcl vCycleCounter
dcl zSyncCalcResult
dcl vsSynclIDListA
dcl vsSynclDListB
dcl vExternalSync
dcl zSyncExtern

dcl zsID

dcl vRF

gc: ZEeIIF\)Io_de Soo:eani dcl zAllOnA Boolean;

cl zretrair oolean, ) dcl zAllOnB Boolean;
dcl vExternOffsetControl ~ T_ExternCorrection; .

. dcl zCh T_Channel;

dcl vExternRateControl T_ExternCorrection; .
del vinterimOffsetC tion T Deviation: dcl zsDev T_DevTable;
dCI vlnter!mR tseC orretg ‘on T_Dev!at!on: dcl vMacrotick T_Macrotick;

cl vinterimRateCorrection T_Deviation; del ZEO T_EvenOdd;

. . " . - dcl zID T_FramelD := 0;

uT timer tMicrolnitialOffset_A := pMicrolnitial Offset[A]; del 2CenMade T_CsnMade:
[AT_tmer IMicrolnitialonset_B .= pMicrolnitialonset[B]; del zsMListAB T:DeviationTabIe;

T_DeviationTable;
T_SyncFramelDCount;
T_SyncFramelDCount;
T_SyncFramelDCount;
T_SyncFramelPCount;
T_Deviation;
T_Deviation;
T_MicrotickTime;
T_CycleCounter;
T_SyncCalcResult;

T _FramelDTable;

T FramelDTable;
Boolean;
T_SyncExtern;
T_FramelDTable;
T_ReceiveFrame;

Figure 155 — Declarations for the clock synchronisation process [CSP]
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Figure 156 depicts the start of the clock synchronisation process [CSP].

C ‘ )

( standby )

ISO 17458-2:2013(E)

>
a8 I
z CSP control
,i: (zCspMode )
@ I
\—< zCspMode ?
elée vExternalSync := pExternalSync;

‘update vExternalSync in CHI’;
zSyncExtern := UNSYNC,;

A

I_____ ____________ —,

TT-E time gateway sink behaviour (optional)

zTSrcRateCorrRec := false;

|

wait for
external rate correction

zSyncExtern = ACTIVE
and zTSrcRateCorrRec = true ?

|

IMP rate calc ready
(zTSrcRateCorrection)

I
IMP sync state
(zSyncExtern)

‘ zTSrcRateCorrRec := true; ‘

v

{

wait for startup )

‘ attempt integration

INTEGRATION
CONTROL

vinterimOffsetCorrection :F
zOffsetCorrection;
vinterimRateCorrection :=
zRateCorrection;
zsID(1:15) := 0; zLine := 0;

L—1
| b frie
| | | |
| zRateCorrection := zTSrcRateCorrection; |
vinterimRateCorrection := zTSrcRateCorrection;
| - |
I ! I
( wait for external cycle.start ) |
| | |
| external cycle start IMP sync state |
| (vCycleCounter) (zSyncExtern) |
[
zSyncExtern =
| K ACTIVE ? true |
| | false |
| vInterimOffsetCorrection := 0;
ZTSrcCycleStartRec = true; start macrotick generation |
| zIntCycleStartRec :=false; (vCycleCounter, 0, zRateCorrection)
| ‘ |
‘ ‘ TT-E_INIT_MEASURE ‘
I | | .
e o . c—— c— C— C— — — — — — @ — & — —— @ —— —— — 8 w— —I

update vinterimOffsetCorrection, vinterimRateCorrection in CHI’;
vsSynclIDListA := []; vsSyncIDListB := [];
‘'update vsSynclIDListA, vsSyncIDListB in CHI’;

v

( wait for cycle start )

Figure 156 — Start of the clock synchronisation process [CSP]
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Figure 157 depicts the wait for cycle

start [CSP].

'

( wait for cycle start )
[
cycle start
(vCycleCounter)
false true
| TT-E time gateway sink behaviour |
| (optional) |
| true false |
| |
reset(tCycleStartTimeout); set(tCycleStartTimeout); |
| zTSrcCycleStartRec := false; zIntCycleStartRec := true;
| ‘4 | zTSrcRateCorrRec := false; |
| ‘ zTSrcOffsetCorrRec := false; |
| ‘ % zTSrcSyncCalcResRec := false; |
‘ ‘ INIT_MEASUREMENT ‘
[
‘ ‘ MEASUREMENT ‘
zSyncCalcResult := WITHIN_BOUNDS;
‘ ‘import vExternOffsetControl,
‘ vExternRateControl from CHI';
[
‘ ‘ CALC_OFFSET ‘
false true

_____________ —

| ‘ ‘ EXT_WAIT_OFFSET }»

TT-E time gateway sink behaviour

standbyﬁ (optional)

standby

'update vinterimOffsetCorrection,

odd
|

vsSynelbListA, vsSyncIDListB in CHI’;

CALC_|

RATE.

—false

vExternalSync ?

vExternalSync ? false—

T
true

T
true
[ |
-

_____________ —

EXT_WA

TT-E time gateway sink behaviour
IT_SYNC standby- (optional)

%

T
odd

EXP rate calc ready

T
even
standby

{zRateCorrectrony

vStartupPairs in

‘update vinterimRateCorrection,

CHI;

EXP SyncCalcR
Result, zZRxStartupPairs, zRefPair)

esult (zSyncCalc- EXP SyncCalcResult (zSyncCalc-

Result, zStartupNodes, zRefNode)

Fi
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gure 157 — Wait for cycle start [CSP]
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Figure 158 depicts the measurement initialization for TT-E coldstart [CSP].

TT-E_INIT_MEASURE >

zsID(1:15) := 0; zLine := 2;

zsID(1) := pKeySilotID;

zsID(2) := pSecondKeySlotID;
zsDev(1:15)(even:odd)(A:B)!Valid ;= false;

zsDev(1:15)(even:odd)(A:B)!Startup := false;

ISO 17458-2:2013(E)

——————————=A pChannels ?

T
=A&B
|

ZsDev(1:2)(even:odd)(A)!Valid := true;
ZsDev(1:2)(even:odd)(A)!Value := 0;
ZsDev(2)(even:odd)(A)!Startup := true;

zsDev(1:2)(even:odd)(A:B)!Valid := true;
zsDev(1:2)(even:odd)(A:B)!Value := 0;
zsDev(2)(even:odd)(A:B)!Startup := true;

zsDev(12)(even:odd)(B)!V
zsDev(2)(even:odd)(B)!Start

stev(l:2)(even:odd)(B)!V%Iid = true;

lue :=0;
p =true;

>l

O

Figure 158 — Measurement initialization for TT-E coldstart [CSP]

After finishing the startup procedure a repetitive sequence consisting of cycle initialisation (see Fi
measurement phase (see Figure 165), and offset'{see Figure 144) and rate (see Figure 169) c

exeguted.

All ¢lements of this sequence are described below. The offset calculation will be done every cyq

caldulation only in the odd cycles.

Thel clock synchronisation control.(See Figure 159) handles mode changes done by the POC. It &
progess termination requests sént by the POC.

ure 168), a
Iculation is

le, the rate

Iso handles

© I1SO 2013 - All rights reserved
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*
(standby)

CSP control

(zCspMode )
\

STANDBY

zCspMode ?

terminate CSS_A,
terminate CSS_B

reset macrotick
generation

else

' )

terminate CSP

terminate CSS_A,
terminate CSS_B

\
fals&< pExternalSync ?
\

true

reset(tTSrcCycleOffset);
I reset(tCycleStartTimeout);

>

- - -

reset(tMicrolnitialOffset_A);
reset(tMicrolnitialOffset_B);

A

( standby

12.4 Startup of the clock synchronisation

12.4.1 Preg¢onditions and startup types

The startup|of the node's clock synchronisation requires

— the initjalisation and start of the MTG process and

TT-E time gateway sink
behaviour (optional)

Figure 159 — Clock synchronisation controf/and termination [CSP]

— the initfalisation and start.of the CSP process. This process contains the repetitive tasks of measurement

and stdrage of deviation\values and the calculation of the offset and the rate correction values.

There are tyvo ways to_start the clock synchronisation of a node.

— The nofe is the leading coldstart node.

— The naddezadopts the initialisation values (cycle counter clock rate and cycle start time) af a runhing

coldstart node.

200
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Figure 160 depicts the integration control [CSP].

INTEGRATION_
CONTROL

=

ISO 17458-2:2013(E)

CSS_A CSS_A, CSS_B CSS_B

>l |

Ll

zOffsetCorrection := 0;
zRateCorrection := 0;

¢
A J
< run )
\
[ \ \
‘ tMicrolnitialOffset_A ‘ coldstart ‘ tMicrolnitialOffset_B
\ \
continue integration on A ‘ continue integration on B ‘
# integration successful on A integration successful on B #
(zID, zRateCorrection) (zID, zRateCorrection)
< A_active ) ( B_active )
\ \
\ \ \ |
‘ integration aborted on A ‘ < ‘ ‘ integration aborted on B
\ \ | \
‘ reset(tMicrolnitialOffset_A); ‘ terminate CSS_B ‘ terminate CSS_A ‘ ‘ reset(tMicrolnitialOffset_B); ‘

terminate CSS; B

i
Lagiia |

terminate CSS A, ‘

< run, A_active > ( A_active ) < B_active >

( run, B_active )

‘ integration aborted on B

‘ tMicrolnitialOffset_A ‘ tMicrolnitialOffset_B

‘ integration aborted on A

‘ reset(tMicrolnitialOffset_B);

eontinue integration on A‘ continue integration on B ‘

‘ reset(tMicrolnitialOffset_A);

'

' v

'

( : )

( : ) | : )

( : )

( run, A_active, B_active )

‘ integration request on A ‘ integration request on B

‘ set(tMicrolnitialOffset_A); ‘ ‘ set(tMicrolnitialOffset_B);

l—|

Figure 160 — Integration control [CSP]

The startup procedure will be entered when the CSP receives the signal attempt integration from the POC
(see Figure 156). The control of the node's startup is described in the INTEGRATION_CONTROL macro

depicted in Figure 160.

© I1SO 2013 - All rights reserved
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12.4.2 Coldstart startup

If ongoing communication on the channels is not detected the POC may force the node to perform the role of
the leading coldstart node of the cluster. This causes the following actions.

The clo

ck synchronisation startup processes on channel A and B (CSS_A, CSS_B) will be terminated.

The INTEGRATION_CONTROL macro will be left.

The macrotick generation process (MTG) (see Figure 176) leaves the MTG:wait for start state. Depending

her

on the_initialisation values, macrotick and cycle start signals are generated and distributed to o
procesges.
— The C$P waits for the cycle start.
The CSP anpd MTG processes continue their schedules until the POC changes the CSP modeto STANDB
an error is detected.
12.4.3 Intepration startup
If ongoing gommunication is detected during startup, or if the node is not allowed to perform a coldstart,
node attempts to integrate into the timing of the cluster by adopting the rate/the’cycle number, and cycle

instant of 3
synchronisg

After their i
the coding
and waits f
was receive
received.

When a va
counter and

is expected in a time window. When a ‘potential frame start is detected in this time window

tMicrolnitial
process (se
inside the t
process (th
complete s
process, bu
behaviour g
the initial c
terminate it

Figure 161

coldstart node. To accomplish this, the CSP process (se€ Figure 160) instantiates the ¢
tion startup processes for channel A and B (CSS_A, CSS_BY.

nstantiation, the CSS_A process (see Figure 162) and the CSS_B process wait for a signal f
decoding unit that a potential frame start was detected. The CSS process then takes a timest
br a signal indicating that a valid even startup frame was received. If no valid even startup fr
d the time stamp will be overwritten with the time stamp of the next potential frame start th

id even startup frame is received the node is able to pre-calculate the initial values for the ¢
the macrotick counter. The node ther’waits for the corresponding odd startup frame. This fr

Dffset timer is started in the INTEGRATION_CONTROL macro. When this timer expires the N
e Figure 176) is started using the pre-calculated initial values. A second potential frame
Ime window leads to a restart of the tMicrolnitialOffset timer. Only one channel can start the N
b initial channel)110). Between the expiration of the timer tMicrolnitialOffset and the reception of
artup frame, the othefThannel (the non-initial channel) can not start, stop, or change the N
t it can receive potential frame start events and can start its own tMicrolnitialOffset timer.
f the CSS process of the non-initial channel is the same as the behaviour of the CSS proceg
hannel except that the non-initial channel is unable to start the MTG process and is unabl
belf and the\€SS process of the other channel.

Hepictsthe termination of the CSS process [CSS_A].

Y or

the

start

ock

rom
hmp
hme
at is

ycle
hme
the
TG
start
TG
the
TG
The
s of
e {0

x

‘ terminate CSS_A

X

Figure 161 — Termination of the CSS process [CSS_A]

110) There is no configuration that selects the channel that starts the MTG process. The process is started by the first
channel that receives a potential frame start in the expected time window after reception of a valid even startup frame
on the same channel (see Figure 162).
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Figure 162 depicts the clock synchronisation startup process on channel A [CSS_A].

Th

dcl vRF
dcl zID
zFrameStart := 0;
zID :=0;
MT timer
UT timer

zIntegration := false;
zPotFrameStart := false;

dcl vCycleCounter
dcl zFrameStart
dcl vMacrotick

dcl zIntegration
dcl zPotFrameStart Boolean;

dcl zRateCorrection T_Deviation;

T_ReceiveFrame;

T_FramelD :=0;

T_CycleCounter;

T_MicrotickTime;

T_Macrotick;

tID := 2 * (pMicroPerCycle + pRateCorrectionOut);
tSecondFrame := pMicroPerCycle + pRateCorrectionOut;
Boolean := false;

[

wait for first startup frame

true
1

valid even startup frame .
‘ on A (VRF) ‘ tiD ‘potentlal frame start on A
[ [ [
zFrameStart := now;
= 1 l 2 =0; :
4—=zID VRF!Header!FramelD ? ‘ zID :=0; ‘ ‘ ZPotFrameStart := true;
T
else ‘
false- zPotFrameStart ?

zID := vRF!Header!FramelD;

vMacrotick := (zID -1) * gdStaticSlot + pMacrolnitialOffset[A];
reset(tID); set(tSecondFrame);

vCycleCounter := (VRF!Header!CycleCount + 1) mod (gCycleCountMax + 1);

integration started on A

RMicroPerCycle -
pRateCorfectionOut > now -
zFrameStart ?

wait for second startup frame

valid odd startup frame

tSecondFrame ‘ on A (VRF)

=zID

VRF!Header!FramelD ? else—

potential frame start on A

I

———true-

~ I
AN | frame too

VRFIHeader!CycleCount
= vCycleCounter ?
true
|

T
false | early ?
| [
true
7
4, T
———————— v false
/ |
If;a;\;ns 100} RateCorrection = now -
; I | zFrameStart - pMicroPerCycle;

integration request on A

l

— false: 2Zintegration ?

integration aborted on A ‘
true

set(tID);
reset(tSecondFrame);

zIntegration,?

\
true

integration successful on A
(zID, zRateCorrection)

fesetymacrotick
geheration

pMicroPerCycle +
pRateCorrectionOut < now -
zFrameStart ?

continue integration on A

|

start macrotick generation (vCycle-
Counter, vMacrotick, zRateCorrection)

zlntegration := true;

!

Figure 162 — Clock synchronisation startup process on channel A [CSS_A]111)
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ditions for

integration leads to the termination of the CSS process for this channel. Before termination a signal is sent
indicating successful integration; this signal causes the INTEGRATION_CONTROL macro of CSP to

terminate the CSS process for the other channel (see Figure 160). This behaviour of this termination is
depicted in Figure 161.

The timer tSecondFrame in Figure 162 is used to restart the clock synchronisation startup process if the
corresponding odd startup frame was not received after an appropriate period of time.

111) The priority input symbol on the CSS_A:wait for second startup frame state has been included to resolve the

© I1SO 2013 - All rights reserved
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The variable zID is used to prohibit attempts to integrate on a coldstart node if an integration attempt on this
coldstart node failed in the previous cycle. The timer tID prevents this prohibition from applying for more than
one double cycle.

12.5 Time measurement

12.5.1 General

Every node shall measure and store, by channel, the time differences (in microticks) between the expected
and the observed arrival times of all sync frames received during the static segment. A data structure is
introduced [m—12-5:2—Thisdata—strocture—is—used—mthe—exptamatiomof the—initiatisation—(12-5-3)—anth the
measuremgnt, storage, and deviation calculation mechanisms (12.5.4).

12.5.2 Data structure

The following data types are introduced to enable a compact description of mechanisms_related to cjock
synchronisgtion:

Definition:|T_DevValid (#6)
newtype T DevValid
strucf
Value T Deviation;
valid Boolean;
Stlartup Boolean;

endnepWtype;

Definition:|T_ChannelDev, T_EOChDev, and T_DevTable ®7

newtype T ChannelDev
Array (T Channel, T DevValid)
endnepWtype;

newtype T EOChDev
Array (T _EvenOdd, T ChannelDev)
endnepWtype;

newtype T DevTable
Array (T _Arraylndex, T EOChDev)
endneptype;

The structured datatype T_DevTable is a three dimensional array with the dimensions line number (1 .. [15),
communication{channel (A or B), and communication cycle (even or odd). Each line is used to store|the
received data-of one sync frame pair transmitted by the same node in the same slot in subsequent cycles.

If the node is itself a sync node the first line is used to store a deviation of zero, corresponding to the deviation
of its own sync frame. TT-E and TT-L sync nodes store zero deviations in the first two lines of the table, one
for each of the two sync frames transmitted.

Each element in this three dimensional array contains a deviation value (the structure element Value), a
Boolean value indicating whether the deviation value is valid (the structure element Valid), and a Boolean
value indicating whether the sync frame corresponding to this deviation was a startup frame (the structure
element Startup).

Figure 163 gives an example of this data structure.
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data structure T_DevTable

even odd

A A
4 Y4 \

channel A channel B i1 channel A channel B
A A ¥ A N A
|
linei (Value Valid Startup * Value Valid Startup\‘I Value Valid Startup ' ' Value Valid Startu

p

17 true false 13 true false 4 true false 11 true false
12 true true 11 true true 14 true true 21 true true
14 true false 19 true false 24 true false 5 true falsé
13 true false 10 true false -11 true false -8 true false
-7 true false -6 true false -6 true false 27 truen)false
-5 false false -1 true false 9 true false -18 false false
1 true true -5 true true 23 false false 12 nfrue true
9 true false 17 true false -15 true false 17\ true false
22 true false 12 true false 17 true false ~-15 true false
10 | -12 true false -17 true false -12 true false 7 true false

©Oo00~NO UL WD

11 7 true false 10 true false -6 true false
12 0 false false 0 false false 0 false false
13 0 false false 0 falsé. false 0 false false
14 alse) 0 false false 0 @ false 0 false false
15 \Fa\ 0 false false 0 f se false 0 false false
\?d access: /
stev(14)(even)(A)|VaI|d and
true zsBev(14)(odd)(A)Valid ? false—
write access: table reset:
zsDev(11)(even)(A)lValue := 23; zsDev(1:15)(even:odd)(A:B)!Valid := false;
zsDev(11)(even)(A)Valid := true; zsDev(1:15)(even:odd)(A:B)!Startup := false;

Figure 163 — Data structure example

12.8.3 Initialisation

The| data Structure introduced in 12.5.2 is used to instantiate a variable (zsDev). The variable zgDev will be
initialized at the beginning of an even communication cycle112), Additionally, if the node is cgnfigured to
transmit sync frames (mode SYNC), corresponding entries are stored Iin the variable as depicted in
Figure 164. If the node is operating in the two key slot mode (i.e., is either a TT-L coldstart node or a TT-E
coldstart node), entries corresponding to the second transmitted startup frame are also added to the variable
zsDev.

In contrast to the entries for the first sync frame, the entries for the second key slot are also flagged as
belonging to a startup frame, which allows a TT-L coldstart node to proceed through the startup without having
received any startup frames from other nodes (see clause 11).

112) TT-E coldstart nodes also initialize zsDev on the first cycle of operation regardless of whether it is an even or odd
cycle. See Figure 156 and Figure 158 for details.
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Q INIT_MEASUREMENT )

odd vCycleCounter ? even ZEO = even;
‘ ‘ zsDev(1:15)(even:odd)(A:B)!Valid := false;
zsDev(1:15)(even:odd)(A:B)!Startup := false;
ZEO := odd; ‘ ‘ zsID(1:15) := 0;
‘ “ zLine :=0;
il
zCspMode ? >—elsc
T
SYNC
|
E— AL vCycleCounter ?
zLine = 1; odd
zpID(zLine) := pKeySlotID;
| -
=A pChannels ? =B
T
= A&B
|
zsDev(1)(zEO)(A)!Valid := true; zsDev(1)(zEO)(A:B)!Valid := true; zsDev(1)(zEO)(B)!Valid4=ltrue;
zsDev(1)(zEO)(A)!Value := 0O; zsDev(1)(zEO)(A:B)!Value := 0; zsDev(1)(zEO)(B)!Value\:= 0;
\
pTwoKeySlotMode ? false. >
T
true
|
ven vCycleCounter ?
zLine :=2; odd
zBID(zLine) := pSecondKeySlotID;
‘ |-
=A pChannels ? =B
T
= A&B
|
zsDev(2)(zEO)(A)Valid := true; zsDev(2)(zEO)(A:B)Valid<= true; zsDev(2)(zEO)(B)!Valid := true;
zsDev(2)(zEO)(A)!Value := 0; zsDev(2)(zEO)(A:B)!Value := 0O; zsDev(2)(zEO)(B)!Value := 0;
zsDev(2)(zEO)(A)!Startup := true; zsDev(2)(zEO)(A:B)IStartup := true; zsDev(2)(zEO)(B)!Startup := true;

i
Lt

O

Figure 164 — Initialisation of the data structure for measurement [CSP]

12.5.4 Time measurement storage

bd arrival time of'a static frame is the static slot action point, which is defined in clause 9. The MAC
ess

The expect
generates @ signal when the static slot action point is reached. When the clock synchronisation proq
receives thig action point signal a time stamp is taken and saved.

oint
) ) : tion
point time stamp. The decodrng unit then computes the primary time reference point by subtractrng a
configurable offset value from the secondary time reference point time stamp. This result is passed to the
Frame and Symbol Processing process, which then passes the results to CSP for each valid sync frame
received. Further information on the definition of the reference points may be found in 7.2.6.

ecept|on of a frame the decoding unit takes a tlme stamp When the secondary time reference o

During the
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=A pChannels ? =B———
T
=A&B
|
ZAlIONA := false; ZAllIONA = false; ZAllIONA := true;
zAllOnB :=true; zAllOnB := false; zAllOnB := false;
-t
\ 4
( wait for sync frame )
. __________
‘ f:;nr:]e EZEE:T I ' member returns true if the f:;‘)r:]e lr;‘;eg:%n
p ‘ I defined FramelD exists in the p
| list 'zsID’, otherwise returns
‘ ZAIIONnA := true; l: false ZAlIONB :=true; ‘
r _ _ _ _ _ _______
| q
ZAlIONA = true and >
false—m

zAllOnB = true ?
T

|
I
I
. . [ ]
valid sync frame valid sync frame | action point on A, trie
on A (VRF) on B (VRF) | action point on B
* - * O
member(zsiD, | zActionPoint := now;
‘ vRF!Header‘!FramelD) ? \ -
true false
|
zLine ? >= gSyncFramelDCountMa: ‘
el"se 'set sync frame
| overflow indicator in CHI";
zPos := position(zsID, \ o
vRF!Header!FramelD);
| ‘ >‘ zLine := zLine+1,;
I VRF!Header! zPos := zLine;
| ‘ CycleCount ? zsID(zPos) := vRF!Header!FramelD;
| T -
| even odd
| |
| ZEO :=even; ‘ ‘ ZEO := odd;
|
| ‘ >‘ zCh := vRF!Channel;
| ‘ zsDev(zPos)(zEO)(zCh)!Value := vRF!PrimaryTRP - zActiopPoint;
bt ‘ zsDev(zPos)(zEO)(zCh)!Valid := true;
" psition returns the index |
| d located i the st 291D" VRFTHaader -0 -
1] SuFIndicator ?
N ‘
=1
___________ |
abs(zsDev(zPos) clse .

abs returns‘the L, ~
absolute value

(zEO)(zCI?)!VaIue) ?

<= pdAcceptedStartupRange

|
zsDev(zPos)(zEO)(zCh)!
Startup := true;

l—igure 100 — Mieasuremernt and storage or tne geviation vatues [COF]

The difference between the action point and primary time reference point time stamps, along with Booleans
indicating that the data is valid and whether or not the frame is also a startup frame, is saved in the
appropriate location in the previously defined data structure (see Figure 165). The measurement phase ends

when the static segment ends.
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The reception113) of more than gSyncFramelDCountMax unique sync frame identifiers in either a single
communication cycle or an even / odd communication cycle pair indicates an error inside the cluster. This is
reported to the host and only measurements corresponding to the first gSyncFramelDCountMax unique sync
frame identifiers are considered for the correction value calculations.

12.6 Correction term calculation

12.6.1 Fault-tolerant midpoint algorithm

The technique used for the calculation of the correction terms is a fault-tolerant midpoint algorithm (FTM). The
algorithm VIJrKS as folttows (See Figure 166 and Figure 1677

a) The algorithm determines the value of a parameter, k, based on the number of values in the,sorted list
(see Table 5)114),

Table 5 — FTM term deletion as a function of list size

Number of values

1-2

3-7

N || Ogx

>7

b) The mdasured values are sorted and the k largest and the k smallest values are discarded.

c) The larpgest and the smallest of the remaining values.are averaged for the calculation of the midpoint
value. Note that the division by two of odd numbers:should truncate towards zero such that the result is

an integer number11®. The resulting value is assumed to represent the node's deviation from the glpbal
time bgse and serves as the correction term.

”

11~ _
6 —

f

Figure 166 — Example clock correction value calculation with k=2

+— 17/2=8

113) Nodes that transmit sync frames, and are operating in the POC:normal active state, will also use their own sync
frame measurement values in clock correction. For the purposes of this check, the node's own sync frame is
considered to be implicitly received, even though there is no actual reception. As a result, the node's own sync frame
is included in the count of sync frame identifiers that is checked against gSyncFramelDCountMax.

114) The parameter k is not the number of asymmetric faults that can be tolerated.

115) Example: 17/2=8and -17/2 = -8.
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returns T_Deviation; | dcl zCorrectValue T_Deviation

fpar zList ﬁ MIDTERM dcl zLength T_Arraylndex; ﬁ

zLength := length(zList); | j=—=——=—=—-=--=------
| \\: length returns the number of

=0 zLength ? e
el‘se i sort returns a sorted list
‘ _ 4 beginning with the smallest and
zList := sort(zList); ~ ! ending with the largest value
<3 zLength ? >7
L else
sCorrectValue ‘= O: zCorrectValue := (zList(1) + zCorrectValue := (zList(2) + zCorrectValue := (zLipt(3) +
RS zList(zLength))/2; zList(zLength-1))/2; zList(zLength-2))[2;
® zCorrectValue
Figure 167 — Fault-Tolerant Midpoint/Ptecedure [CSP]

12.4.2 Calculation of the offset correction value

Thel offset correction value zOffsetCorrection is a sighed integer that indicates how many microticks the node

shopld shift the start of its cycle. Negative values, mean the NIT should be shortened (making thg¢ next cycle

starf earlier). Positive values mean the NIT should be lengthened (making the next cycle start later).

In Fjgure 168 the procedure of the calculation of the offset correction value is described in detail. The following

stefds are covered in the SDL diagram‘in/Figure 168.

a) |Selection of the previously stored deviation values. Only deviation values that were measured and stored
in the current communication cycle are used. If a given sync frame ID has two deviation valdes (one for
channel A and one forehannel B) the smaller value will be selected.

b) |The number of rfegeived sync frames is checked and if an insufficient116) number of sync frames was
received the efror condition MISSING_TERM is set.

c) |The faulttalerant midpoint algorithm is executed (see 12.6.1).

d) |The& correction term is checked against specified limits. If the correction term is outside of the specified
limits the error condition is set to EXCEEDS_BOUNDS and the correction term is set to the maximum or
TTHTTITTTONT Value as appropriate (See 12.6.47.

e) If appropriate, an external correction value supplied by the host is added to the calculated and checked

correction term (see 12.6.5).

116) The number of sync frames that need to be received to be considered sufficient depends on the synchronisation
mode and the node's role. For devices in a TT-D cluster, and for non-coldstart nodes in a TT-E or TT-L cluster, the
reception of a single valid sync frame is considered sufficient. TT-E or TT-L coldstart nodes do not need to receive
any sync frames, i.e., the number of received sync frames is always considered sufficient. Figure 168 implements
this behaviour not by checking the number of received sync frames directly but rather by checking the number of

entries in the zsMListAB array.
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The following data structure is used to save and handle the selected data:

Definition: T_DeviationTable

newtype T DeviationTable
Array (T ArraylIndex,
endnewtype;

T Deviation)

Q CALC_OFFSET )

zsMListAB :=];
z:=0;

R zStartupNodes := 0;

(48)

LZINCTTINUUCT .= Iabc,
vsSyncIDListA :=[];
vsSyncIDListB := [];

‘ zEO := odd;

odd vCycleCounter ? even

ZEO :=even; ‘

'

yifalse
——false—< zsDev(z)(zEO)(B)!Valid ?
\

else
|

‘ z:=7+1; ‘

zsDev(z)(zEO)(A)!Valid ?

’—true

>= gSyncFramelDCountMax

true

zsDev(z)(zEO)(B)!Valid ?

true
\
append(zsMListAB,
zsDev(z)(zEO)(B)!Value);
append(vsSynclDListB, zsID(z));

append(zsMListAB,
min(zsDev(z)(zEO)(A)!Value,
zsDev(z)(zEO)(B)!Value));
append(vsSynclIDListA, zsID(z));
append(vsSyncIDListB, zsID(2));

false

append(zsMListAB,
zsDev(z)(zEO)(A)!Value);
append(vsSynclDListA, zsID(z));

l«
-

zStartupNodes :=
zStartupNodes + 1;

<] ——else zsID(z) ?

T
=zID
|

‘ zRefNode := true; ‘

'

< -pOffsetCorrectionOut

tru e_<stev(z)(zEO)(A)!Startup or

zsDev(z)(zEO)(B)!Startup ?

false

=1

—SYNC zCspMode ?

else

zSyncCalcResult :=
MISSING_TERM;

zOffsetCorrection := 0;

zOffsetCorrection := call
MIDTERM(zsMListABY);

[«
-

vinterimOffsetCorrection
zOffsetCorrection;

else

zOffset€orrection := -pOffsetCorrectionOut;
2SyneCalcResult := EXCEEDS_BOUNDS;

zOffsetCorrection ?

> pOffsetCorrectionOut

zOffsetCorrection := pOffsetCorrectionOut;
zSyncCalcResult := EXCEEDS_BOUNDS;

ZOff o=

VvExternOffsetControl * pExternOffsetCorrection;

O

Figure 168 — Calculation of the offset correction value [CSP]

The SDL abstraction of execution in zero time could lead the reader to the conclusion that the calculation of
the offset correction value needs to complete in zero time. This is of course unachievable. It is anticipated that
real implementations may take substantial time to calculate the correction, and that implementations may
begin the calculation earlier than is shown in Figure 157 (i.e., may begin the calculation during the

measurement process).
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Therefore the following restriction on the time required for offset correction calculation is introduced:

The offset correction calculation shall be completed no later than cdMaxOffsetCalculation after the end of the
static segment or 1 MT after the start of the NIT, whichever occurs later.

12.6.3 Calculation of the rate correction value

The goal of the rate correction is to bring the rates of all nodes inside the cluster close together. The rate
correction value is determined by comparing the corresponding measured time differences from two
successive cycles. A detailed description is given by the SDL diagram depicted in Figure 169.
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zsMRateAB := [];

Q CALC_RATE

)

z:=0;
zRxStartupPairs := 0; \i

zRefPair := false;

>= gSyncFramelDCountMax:

l<

-

else
I

zZ:=2z+1;

'rrue—<Z

[
sDev(z)(even)(A)!Valid an
2sDev(z)(odd)(A)Valid ? d>fa's

ZzsDeu(ZWeven\BM\alid and.

zsDeovu(ZWevenBW\Valid and.

2sDev(z)(odd)(B)!Valid ? true
T

Talse—

zsDev(z)(odd)(B)!Valid ?
I

false

append(zsMRateAB, (zsDev(z)(odd)(A)!Value -
zsDev(z)(even)(A)!Value + zsDev(z)(odd)(B)!Value
- zsDev(z)(even)(B)!Value)/2);

true

append(zsMRateAB, (zsDev(z)(odd)(A)!Value -
zsDev(z)(even)(A)!Value));

append(zsMRateAB, (zsDev(z)(odd)(B)!Value -
zsDev(z)(even)(B)!Value));

=1

zSyncCalcResult ? else

— |

4—SYNC zCspMode ?

-
(zsDev(z)(even)(A)!Startup and true
zsDev(z)(odd)(A)!Startup) or T
(zsDev(z)(even)(B)!Startup and false ZRXStarntupPairs =
zsDev(z)(odd)(B)!Startup) ? ZRXStartupPairs+1;

S TR
—————————=0 length(zsMRateAB) ? else—;

=zID
|

‘ zRefPair := true;

else EXCEEDS_BOUNDS

|
zSyncCalcResult :=
MISSING_TERM,;

zRateCorrection.«=((¢all MIDTERM
(zsMRateAB)) +ZRateCorrection ;

zRateCorrection := zRateCorrection -

else
|

>= pCIusterDriftDamping <= -pClusterDriftDamping

zRateCorrection := zRateCorrection +

pClusterDriftDamping; ‘ zRateCorrection := 0; ‘ pClusterDriftDamping;

zCspMode = SYNC and ‘ vInteZnFr;; T:éi?ggﬁg;@n = ‘
pKeySlotUsedForStartup = true 2, !
false true
vStartupPairs := vStartupPairs =
ZzRXStartupPairs; zRxStartupPairs+ 1,
\ \ |
zRateCorrection := zRateCorrection + __ | VExternRateControl is set by
VvExternRateControl * pExternRateCorrection; 7‘ the host to one of {-1, 0, +1 }

< -pRateCorrectionOut:
!

zRateCorrection ?

> pRateCorrectionOut
|

zRateCorrection := -pRateCorrectionOut;

zRateCorrection := pRateCorrectionOut;

zSyncCalcResult := EXCEEDS_BOUNDS;

eise

zSyncCalcResult := EXCEEDS_BOUNDS;

Figure 169 — Calculation of the rate correction value [CSP]

The rate correction value zRateCorrection is a signed integer indicating by how many microticks the node's
cycle length should be changed. Negative values mean the cycle should be shortened; positive values mean

the cycle should be lengthened.
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The following steps are depicted in the SDL diagram in Figure 169.

a) Pairs of previously stored deviation values are selected and the difference between the values within a
pair is calculated. Pairs are selected that represent sync frames received on the same channel, in slots
with the same slot number, on consecutive cycles. If there are two pairs for a given sync frame ID (one
pair for channel A and another pair for channel B) the average of the differences is used.

b) The number of received sync frame pairs is checked and if an insufficient117) number of sync frame pairs
was received the error condition MISSING_TERM is set unless the error condition EXCEEDS _BOUNDS

had been set previously118),

c) |The fault-tolerant midpoint algorithm is executed (see 12.6.1).
d) |A damping value pClusterDriftDamping for the rate correction term is applied.

e) |If appropriate, an external correction value supplied by the host is added to the galculated corfection term
(see 12.6.5).

f) |The correction term is checked against specified limits. If the correctionterm exceeds the spegcified limits
the error condition is set to EXCEEDS BOUNDS and the correctiansterm is set to the mpaximum or
minimum value as appropriate (see 12.6.4).

In the list above division operations shall produce an integral resulttfiat is truncated towards zero39).

The| pClusterDriftDamping parameter should be configured intsuch a way that the damping value jn all nodes
has|approximately the same duration120),

The| SDL abstraction of execution in zero time introduces similar problems for the rate correction calculation
as gre described in 12.6.2 for the offset correction-calculation. Therefore the following restriction [on the time
required for rate correction calculation is introduced:

Thel rate correction calculation shall be cempleted no later than cdMaxRateCalculation after the end of the
stat|c segment or 2 MT after the start of the’NIT, whichever occurs later.

12.4.4 Value limitations

Befgre applying the calculated correction values, they shall be checked against pre-configured limits (see
Figyre 168 and Figure 169).

If cqrrection values afe’inside the limits, the node is considered fully synchronized.

If either of the cerrection values is outside of the limits, the node is out of synchronisation. This corfesponds to
an grror condition. Information on the handling of this situation is specified in clause 6.

117) The number of sync frame pairs that need to be received to be considered sufficient depends on the synchronisation
mode and the node's role. For devices in a TT-D cluster, and for non-coldstart nodes in a TT-E or TT-L cluster, the
reception of a single valid sync frame pair is considered sufficient. TT-E or TT-L coldstart nodes do not need to
receive any sync frames, i.e., the number of received sync frame pairs is always considered sufficient. Figure 169
implements this behaviour not by checking the number of received sync frame pairs directly but rather by checking
the number of entries in the zsMRateAB array.

118) The consequence of this behaviour is that in a TT-D cluster operating with only a single sync node the sync node
would detect MISSING_TERM before the non-sync nodes. The non-sync nodes would not detect MISSING_TERM
until the last sync node has stopped transmitting, presumably due to loss of synchronisation. As a consequence, in
this circumstance different types of nodes would cease operation at different times.

119) Example: 17/2=8and -17/2 =-8.

120) A node-specific configuration value is used to allow clusters that have different microtick durations in different nodes.
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The correction values are inside the limits if:

- pRateCorrectionOut <= zRateCorrection <= pRateCorrectionOut

- pOffsetCorrectionOut <= zOffsetCorrection <= pOffsetCorrectionOut
If both correction values are inside the limits the correction will be performed; if either value exceeds its
preconfigured limit, an error is reported and the node enters the POC:normal passive or the POC:halt state

depending on the configured behaviour (see clause 6). If a value is outside its pre-configured limit it is reduced
or increased to its limit. If operation continues, the correction is performed with this modified value.

12.6.5 Host-controlled external clock synchronisation

During normal operation independent clusters can drift significantly. If synchronous operation s~ dedired
across mulgple clusters, external synchronisation is necessary even though the nodes within edch cluster are
synchronizgd. This can be accomplished by the synchronous application of host-controlled éxternal rate Jand
offset corregtion terms to both clusters.

The control data vExternRateControl and vExternOffsetControl of the external cloek correction have three
different values, +1 / -1 / 0 with the following meanings as specified in Table 6.

Table 6 — External clock correction control

Value +1 -1 0
rqte correction increase cycle length by decrease cycle length by no change
vExjernRateControl pExternRateCorrection pExternRateCorrection
offset correction start cycle later by start cycle earlier by no change
VvExternOffsetControl pExternOffsetCorrection pExternOffsetCorrection

The size ¢f the external rate and the external- offset correction values pExternOffsetCorrection |and
pExternRatgCorrection are fixed and configuredhin-the POC:config state.

The applicgtion shall ensure that the extetnal offset correction is performed in the same cycle with the same
value in all hodes of a cluster and thatthe external rate correction is performed in the same double cycle with
the same value in all nodes of a cluster;
The type is |defined as follows:
Definition: |T_ExternCorréction (9
syntype T Exté&rnCorrection = Integer

constantss™-1, 0, +1
endsyhtype’

The handling of the external correction values is depicted in Figure 168 and Figure 169.

The configuration shall ensure that the addition of the external correction value can be performed even if the
pre-configured limit is exceeded by the addition of an external correction term.

12.6.6 TT-E time gateway sink correction determination
A node operating as TT-E coldstart node supports additional functionality which is described in Figure 170 to

Figure 175. This functionality is optional and is shown in the SDL diagrams as a dashed outline box labelled
"TT-E time gateway sink behaviour".
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A TT-E coldstart node calculates the clock correction values as any other node in the cluster based on the
measured deviation between the expected and the observed arrival times of the sync frames, even though the
calculated clock correction values will eventually be overwritten by the clock correction values provided by the
time gateway source node.

If a TT-E coldstart node is configured to switch to the local synchronisation method in case the
synchronisation with the time gateway source node is lost, it will use the clock correction values it has
calculated itself.

However, as a TT-E coldstart node configured to switch to the local synchronisation method shall necessarily
be the sole coldstart node of the TT-E cluster, the calculated correction values will always be zero, just as they
are for a TT-L coldstart node.

- - - --=--=-"¥"-"7="—_ o, — o T = T
I TT-E time gateway’sink behaviour (¢ptional)
wait for sync frame, wait for cycle start, wait for cycle start imminent,
I ( wait for offset correction start imminent I
| | I
I external cycle start tCycleStartTimeout I
| \
vExternalSync ? false I
I
I true <—false—< vExternalSync ? I
\
” \
I zIntCycleStartRec false e I
I
I true | I
| < |
reset(tCycleStartTimeout); set(tCycleStarfTimeout); fallback EXT_SYNC_ERROR
— . — . [
I zIntCycleStartRec := false; zTSrcCycleStartRec := true; standby I
> -
| , I

i
© ) —
Y o\ —

—

Figure 170 — Cycle start supervision [CSP]

Figyre 170 aboye describes how the time gateway sink node continuously monitors that its locally generated
cycle start Signal is still synchronous to the one periodically sent by its time gateway source node.

Should) the externally generated cycle start event and the locally generated cycle star{ event be
cdCycleStartTimeout or _more microticks apart, the tume gateway SNk node assumes that it has lost
synchronisation to the time gateway source node (see Figure 175).
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1

TT-E time gateway sink behaviour (optional)

An implementation must take the propagation delay |
of the time gateway interface into account but still [
provide an offset of cdTSrcCycleOffset between the, 1
cycle starts of the source and sink clusters. s |

IMP cycle start

The delay t
time gatewa

The SDL d
interface in
the two cyc
— an impl
cdTSrcCycl

This may ré
specificatio

1ITSreCyvelaOffsat
p4

(zExtCycleStartCounter)

external cycle start

false (zExtCycleStartCounter)

vExternalSync ?

I
true
\
set(tTSrcCycleOffset);

Figure 171 — External cycle start delay {CSP]

mer tTSrcCycleOffset provides a delay between:the cycle starts of the time gateway source
ly sink clusters. It is intended that this offset is.&protocol constant (i.e., cdTSrcCycleOffset).

pscription makes the assumption that the:cycle start event propagates across the time gate
zero time, and thus the SDL describes;a delay that is equal to the delay that is required betw
e starts. In practice, propagation acress the time gateway interface will not take place in zero

ementation shall take this propagation time into account but still provide an offse
pOffset between the cycle starts.in the two clusters.

bquire an implementation.té provide one or more configuration parameters, not described in
N, if the propagation (delay across the time gateway interface is not under the control of

implementation (for example, if.the time gateway interface is external to the implementation).

The time d
updates of

ateway sinknode continuously monitors the time gateway interface and stores any rece
tlock correction values as depicted in Figure 172.

and

way
een
ime

of

this
the

ved
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TT-E time gateway sink behaviour (optional) I

wait for cycle start imminent, wait for
offset correction start imminent

wait for sync frame, wait for cycle start,

IMP offset calc ready

IMP rate calc ready

Sho
PO(
gate

If th

else zSyncExtern ?

I
ACTIVE, PASSIVE

EXT_SYNC_ERROR

—fallback——— |

I
standby

( standby

PO(

C:normal passive.

false

(zTSrcOffsetCorrection) (zTSrcRateCorrection)
I I
vExternalSync ? ‘ vExternalSync ? false
I false I
o L 1 T - S R —— - _|
: — ‘ The second and third arguments 1|
zTSrcOffs;;(;prrRec - zTSrcRateCorrRec :=true; of this signal are not used: //:
L I R R R R R R R RIS /_ — J
7/
\ J \ J \ J ’
7
7
7
7
I e
IMP sync state IMP SyncCalcResult
(zSyncExtern)
I
vExternalSync ? false r< vExternalSync ?
I I
false
true true
I -«

|
ZTSrcSyncCalcResRec 3
true;

pFallBackinternal ?

I
true

|
ZTSrcSyncCalcResult :=
WITHIN_BOUNDS;

Figure 172 — Obtain external clock sync signals [CSP]

uld the time gateway source node indicate that it is neither in the state POC:normal active nor
C:normal passive, the time gateway sink node will behave as if it has lost synchronisation
way souree node (see Figure 175).

I
I
I
I
I
I
I
I
I
(zTSrcSyncCaIcITesuIt, ey ) |
I
I
I
I
I
I
I
I
I

in the state
to the time

e time gateway sink node is the sole provider of startup frames of the cluster, it shall nTt switch to

To that end, the node overwrites the zSyncCalcResult value of the time gateway source node with the fault
free value "WITHIN_BOUNDS" if it is configured to "fall back" to the local synchronisation method, which
implies that it is the sole coldstart node. If several TT-E coldstart nodes are present in the cluster, it is
obviously important that they all agree upon the schedule.

Should the time gateway source node of one of the time gateway sink nodes have a problem with its clock
synchronisation, it cannot ascertain the validity of its view on the time source cluster schedule.

Therefore, its time gateway sink node should (also) enter POC:normal passive and only return to POC:normal
active when its time gateway source node has recovered its synchronisation with the time source cluster.
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[ TT-E time gateway sink behaviour (optional)-|
I EXT_WAIT_OFFSET > I
| - |
wait for offset
I correction start imminent I
offset correction start I
I |mm|njnt vinterimOffsetCorrection := zTSrcOffsetCorrection;
) FSreOHsoiComN zOffsetCorrection := zTSrcOffsetCorrection + |
I Rec ? true vExternOffsetControl * pExternOffsetCorrection; !
I
I false \\\ I
\ \ mmmmm
|
I EXT_SYNC_ERROR ] \\: vExternOffsetControl I
‘ fallback \ is set by the host to
I standby loneof {-1,0, +1} I

l_ standby done

Figure 173 — Macro EXT_WAIT_OFFSET{CSP]

The time dateway sink node requires an update of the offsét correction term before it enters the offset
correction ghase. Figure 173 shows how it checks just beforelthe start of the offset correction phase whetHer it
has received a new offset correction term from its time gatéway source node. If it has not received an update,
it will behave as if it has lost synchronisation to the time gateway source node (see Figure 175).

If it has recg¢ived an update, it will discard its locallytgenerated offset correction term and use the one supplied
by the time [gateway source node instead.
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TT-E time gateway sink behaviour (optional)

zTSrcSyncCalcResRec = true
and zTSrcRateCorrRec = true ?

T
true

|
zSyncExtern =

true

\
zSyncCalcResult :=
zTSrcSyncCalcResult;

vCycleCounter ? odd ACTIVE 2 false—
ev‘en m‘Je
7TQrPQ\‘mr‘(‘nlr~_ I | |
ResRec ? ZRXSTartupPars .= 2,
false <

‘ ‘ EXT_SYNC_ERROR ‘

T
standby

‘ ‘ EXT_SYNC_ERROR ‘

T
fallback

even

The|time gateway sink node requires an update of\the rate correction term before it enters a new e

Figyre 174 shows how it checks just before the start of the new even cycle whether it was provided

T
standby

standby

Figure 174 — Macro EXT_WAIT_SYNC [CSP]

T
fallback
o

vinterimRateCorrection := zTSrcRateCorrection;

zRateCorrection := zTSrcRateCorrection
vExternRateControl * pExtefnRateCorrection;
zSyncCalcResult := zTSreSyncCalcResulf;

\ JvExternRateCOmroI
\[ is set by the host to

odd

‘oneof{ -1,0,+1}

ven cycle.

with a new

rate| correction term by its time gateway.squrce node. If it has not received such an update, it will pehave as if

it hgs lost synchronisation to the time gateway source node (see Figure 175).

If the time gateway sink node has:téceived an update, it will discard its locally generated rate cor
use the one supplied by the’time gateway source node instead. In addition, if the zSyncExt
indi¢ates that the time gateway source node is in POC:normal active the time gateway sink
varifible zRxStartupPairs-to.2 - this allows the time gateway sink to follow the time gateway source

and

a transition from POC:neormal passive to POC:normal active.
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EXT_SYNC_ERROR )

VExternalSync := false;
'update vExternalSync
in CHI’;
reset (tCycleStartTimeout);
reset (tTSrcCycleOffset);

rue.

The macro
determines
sink node
synchronisg
loss of syng

12.7 Cloc

Once calcu
closely with
microticks i

nEallBacklntarnal 2
P o

I
false

\
reset macrotick
generation

external sync lost

®

standby

O

fallback

Figure 175 — Macro EXT_SYNC_ERROR [CSP]

EXT_SYNC_ERROR describes the behaviour of\the time gateway sink node in the case th
a loss of synchronisation with the time gateway source node. In such a case, the time gate
irst informs the CHI. The CSP then checks\whether it is configured to "fall back" to the |
tion method. If yes, it does so; if not, it stops the macrotick generation process and indicates
hronisation to the POC, which will then enter POC:halt.

k correction

the global clock. This is-accomplished by using the correction terms to adjust the numbsg
h each macrotick.

The macrotjck generation (MTG) process (see Figure 176) generates (corrected) macroticks. There are t

different wa

For a |
(via the

ys to begin th€.process of generating macroticks.

pading coldstart node, the protocol operation control (POC) process initiates macrotick generg
coldstart signal) if the conditions to start the node as a coldstart node are satisfied, or

at it
way
pcal
the

ated, the correction terms.are used to modify the local clock in a manner that synchronizes it more

r of

nree

tion

For an

integrating or following coldstart node, the clock synchronisation startup (CSS) processes ini

iate

macrotick generation (via the start macrotick generation signal) upon the reception of an acceptable pair
of startup frames, or

For a TT-E coldstart node, the clock synchronisation process (CSP) initiates macrotick generation (via the

start macrotick generation signal) if the conditions to perform the startup of the time sink cluster are
satisfied.

Either of the three paths will set initial values for the cycle counter, the macrotick counter, and the rate
correction value. A loop will be executed every microtick and, as a result, macroticks are generated that
include a uniform distribution of a correction term over the entire time range. This loop is only left if the
macrotick generation process is terminated by the POC process (e.g. in case of an error) or if a reset
macrotick generation signal is received from the POC, CSP, CSS_A, or CSS_B process.
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The relevant time range for the application of the rate correction term is the entire cycle; the time range for the
application of the offset correction term is the time between the start of the offset correction until the next cycle
start. The macrotick generation process handles this by two different initializations. At the cycle start the
algorithm is initialized using only the rate correction value; at the start of the offset correction phase the
algorithm is initialized again, this time including the offset correction values.

Concurrent with the MTG process new measurement values are taken by the CSP and these values are used
to calculate new correction values. These new correction values are ultimately applied and used by the
macrotick generation process. The new offset correction value is applied at the start of offset correction period
in an odd communication cycle, and the new rate correction value is applied at the cycle start in an even
communication cycle.
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'

( wait for start
\

start macrotick generation (vCycle-
Counter, vMacrotick, zRateCorr)

~

coldstart

vMacrotick := gMacroPerCycle -
gdStaticSlot; zRateCorr := 0; ‘ zIntegrationRound := true;

dcl zIntegrationRound Boolean;

dcl zMicroPerPeriod T_Microtick;
dcl zMacroPerPeriod  T_Macrotick;
dcl zMicroDistribution ~ T_Microtick;
dcl zRateCorrection T_Deviation := 0;

dcl vMacrotick T_Macrotick;

dcl vMicrotick T_Microtick := 0;
dcl vCycleCounter T_CycleCounter;
dcl zRateCorr T_Deviation := 0;
dcl zOffsetCorr T_Deviation := 0;

zIntegrationRound := true;

vCycleCounter := gCycleCountMax; ‘

else vMacrotick 7

. macrotick (vMacrotick),
=0 EXP cycle start (vCycleCounter)

macrotick (vMacrotick)

| initialize rate

//} correction

"update vMacrotick,
vCycleCounter in CHI';

vMicrotick := 0;

zRateCorrection := zRateCorr;

zMicroPerPeriod := pMicroPerCycle + zRateCorrettion;
zMacroPerPeriod := gMacroPerCycle;
zMicroDistribution := 0;

zOffsetCorr := 0;

“
7‘

wait for microtick

Y
~—

H zMicroDistribution := zMicroDistribution + zMicroPerPeriod,;

offset calc ready oscillator reset macrotick
(zOffsetCorr) microtick clock generation

start macrotick generation (vCycle-
Counter, vMacrotick, zRateCorr)

‘ wait for start

‘ zIntegrationRound := true; ‘

‘ rate calc ready

(zRateCorr) GENERATE_IMMI-
NENT
\
L else zMicroDistribution 2 vMicrotick := vMicrotick + 1;
i zMicroDistribution := zMicroDistribution - zMacroPerPeriod;
<=0

)
vMacrotick :=+{(vMacrotick +
1) mod.gMacroPerCycle;

:0—‘

else vCycleCounter :=
! (vCycleCounter +1) mod
macrotick (vMacrotick) ‘ (gCycleCountMax + 1);

[ zIntegrationRound := false;

'update vMacrotick in CHI’; ‘

(-} else

|
|

= pOffsetCorrectionStart

even vCycleCounter ?
[ y

odd

I

!

false pExternalSync ?
/
/
zIntegrationRound ? false true K B
true zMicroDistribution := 0;
|

‘ zIntegrationRound := false; ‘ ‘

v |

—
)‘ initialize offset
/I correction

7 |

zMicroPerPeriod := pMicroPerCycle +
zRateCorrection - vMicrotick + zOffsetCorr;
zMacroPerPeriod := gMacroPerCycle -
pOffsetCorrectionStart;

Figure 176 — Macrotick generation [MTG]

Figure 177 depicts the macro GENERATE_IMMINENT [MTG].

222

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

GEN ERATE_IMMINEN'D
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nod
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rate|
nod

Figd

false pExternalSync ?
I
true
| _r TT-E time gateway sink behaviour (optional) 1
| —false I
: zMicroDistribution <= zMacroPerPeriod |
| true and zMicroDistribution > 0 ?
I
I —else vMacrotick ? ‘ :
| ‘
| = pOffsetCorrectionStart - 1 = gMacroPerCycle - 1 |
| \
offset correction start N
| S cycle start imminent |
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| > < | I
________________________ -
»>

Figure 177 — Macro GENERATE_IMMINENT [MTG]

macro GENERATE_IMMINENT encapsulates the generation of two signals used only by TT|
bs. These signals are used to determine the points in time at which a TT-E coldstart node de
lost synchronisation with its time gateway sourCe if it has not received the appropriate cloc
e. The offset correction value should be received before the offset correction start imminent sig
correction value should be received befare the cycle start imminent signal, otherwise the TT|
b will assume a loss of synchronisation:

re 178 depicts the termination of the’'MTG process [MTG].

> )

terminate MTG

X

Figure 178 — Termination of the MTG process [MTG]

-E coldstart
cides that it

correction
nal and the
-E coldstart

12.8 Sync frame configuration

12.8.1 Configuration rules

FlexRay supports a distributed clock synchronisation that can be configured in many different ways. Table 7
specifies a number of rules constraining the possible configurations.
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Table 7 — Configuration rules for the clock synchronisation

limit, range
Element
TT-D TT-L TT-E
Number of sync nodes 22,.. cSyncFramelDCountMax 1 1 ... floor( cSyncFramelDCountMax / 2')
Number of sync frame number of sync nodes 2 = 2 * number of sync nodes
ID's
Number of static slots >= number of sync frame ID's >=2 >= number of sync frame ID's
2 A TT-D plusterwith-on NO-SYRG-Rodes{e8ac of-which-is-also-configured-to-be-a-coldstart-node)-would-be-ab p-and
continue to pperate, but a loss of either of the two sync nodes would result in the loss of all communication.
12.8.2 TT-D cluster
A TT-D clugter consists of a number of sync nodes and an arbitrary number of non-sync nodes. Each coldgtart
node is alwpys a sync node but there can be more sync nodes than coldstart nodes. A number of nodes ghall

be configur
— Atleas
— Atleas
— Atmos

— Onlyn
configy

— Sync n
channdg

suppor
the slot

— The syl
— Non-sy|
12.8.3 TT-4

A TT-E clug
following ru

— Atleas

bd as sync nodes depending on the following rules.

two nodes shall be configured to be sync nodes.

two of the sync nodes shall also be TT-D coldstart nodes.

L cSyncFramelDCountMax nodes shall be configured tocbersync nodes.

bdes with pChannels = gChannels may be sync nades (i.e., sync nodes shall be connected t
red channels).

odes that support two channels shall send, two sync frames in the static segment, one on €
I in the corresponding slot with the slot number which equals pKeySlotID121). Sync nodes that
a single channel shall send one sync{frame in the static segment. The sync frame shall be se
with the slot number which equals pKeySlotID.

nc frames shall be sent in all-Stets with the same slot number, i.e. in each cycle.

nc nodes shall not transmit frames with the sync frame indicator set to one.

F cluster

ter consists-ofly of coldstart nodes and an arbitrary number of non-sync nodes. In that respect
es shall beyobserved.

oné node shall be configured to be a sync node.

D all

ach

pnly
Nt in

the

— Each sync node shall also be a TT-E coldstart node.

— Atmos

t cSyncFramelDCountMax / 2 nodes shall be configured to be sync nodes.

— Only nodes with pChannels = gChannels may be sync nodes (i.e., sync nodes shall be connected to all
configured channels).

121) The frames sent on the two channels in these slots do not need to be identical (i.e., they may have differing
payloads), but they shall both be sync frames.
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— Sync nodes that support two channels shall send four sync frames in the static segment, two on each
channel, in the slots with slot number equal to pKeySlotID or pSecondKeySlotlID122), Sync nodes that
support only a single channel shall send two sync frames in the static segment in the slots with slot
number equal to pKeySlotID or pSecondKeySlotID.

— The sync frames shall be sent in all slots with the same slot number, i.e. in each cycle.

— Non-sync nodes shall not transmit frames with the sync frame indicator set to one.

12.8.4 TT-L cluster

A TJT-L cluster consists only of a single coldstart node and an arbitrary number of non-sync ‘nogdes. In that
respect the following rules shall be observed.

— | A single node shall be configured to be a sync node.
— | The single sync node shall be a TT-L coldstart node.

— |Only nodes with pChannels = gChannels may be sync nodes (i.e., sync_nodes shall be connected to all
configured channels).

Sync nodes that support two channels shall send four sync frames in the static segment, tyo on each
channel, in the slots with slot number equal to pKeySlotIDor pSecondKeySlotlD123). Sync|nodes that
support only a single channel shall send two sync frames\in the static segment in the sidts with slot
number equal to pKeySlotID or pSecondKeySlotID.

— | The sync frames shall be sent in all slots with the same slot number, i.e. in each cycle.

— |Non-sync nodes shall not transmit frames with'‘the sync frame indicator set to one.

12.9 Time gateway interface

The| time gateway interface connects jtwo communication controllers. It provides information about the
schedule of the time gateway source node to the time gateway sink node.

Thel|signals to be provided by-the’time gateway source node are marked in the SDL description using the EXP
keyyord. The signals in question are as follows.

— |cycle start
This signal is used by the time gateway sink node to initialize its own schedule and later on to|monitor if it
still operatesssynchronously to the time gateway source node.

— |sync state
This ‘'signal is used by the time gateway sink node to determine if the time gateway sourcg¢ node is in
ROC:normal active, POC:normal passive or a different state.

— offset calc ready
This signal is used by the time gateway sink node to perform the same clock offset correction as the time
gateway source node.

122) The frames sent in these slots by a TT-E sync node do not need to be identical (i.e., different payloads may be sent
on each channel, or in each of the key slots), but all shall be sync frames.

123) The frames sent in these slots by a TT-L sync node do not need to be identical (i.e., different payloads may be sent
on each channel, or in each of the key slots), but all shall be sync frames.
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— rate calc ready
This signal is used by the time gateway sink node to perform the same clock rate correction as the time

gateway source node.

— SyncCalcResult
This signal is used by the time gateway sink node to determine if the time gateway source node maintains
synchronisation with the time source cluster.

The fixed offset of cdTSrcCycleOffset microticks between the schedule of the time gateway source node and
the time gateway sink node ensures that each transferred piece of information arrives in time to be properly
used by the time gateway sink node.

13 Contnoller Host Interface

13.1 Pringiples

The controller host interface (CHI) manages the data and control flow between the_host processor and| the
FlexRay protocol engine within each node124). The CHI contains two major interfage‘blocks - the protocol ¢lata
interface arld the message data interface. The protocol data interface manages all. data exchange relevang for
the protoco| operation and the message data interface manages all data exchange relevant for the exchange
of messages as illustrated in Figure 179.

host processor.

host processafinterface
e S —— g S— =
CHI e = Mo b = N -
: : pr_otoco! N protocol N protocol RR message m msj;zge m msj;z?e i
CHI Services conf:jgl.ltratlon cgnirol séattus buffers configuration status
T aa M aa M aa R M data M data m
O e e N S
protocol engine interface

17

protocol engine

Figure 179 — Conceptual architecture of the controller host interface

The protocol data interface manages the protocol configuration data, the protocol control data, and the
protocol status data. The message data interface manages the message buffers, the message buffer
configuration data, and the message buffer status data.

In addition, the CHI provides a set of CHI services that define self-contained functionality that is transparent to
the operation of the protocol.

124) Due to implementation constraints the CHI may add product specific delays for data or control signals exchanged
between the host and the protocol engine.
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The descriptions of the CHI in this clause are behavioural descriptions, not requirements on a particular
method of implementation. In many cases the method of description was chosen for ease of understanding
rather than efficiency of implementation. An actual implementation should have the same behaviour as the
description, but it need not have the same underlying structure or mechanisms.

13.2 Description

The relationships between the CHI and the other protocol processes are depicted in Figure 180125),

to / from host
| cor_\troller
host interface
A
Y
protocol
operation
control <X
A
. clock
macrotick .
B synchronization
generation ;
processing
clock QO
synchronization clock
startup | .*Synchronization
channel B/ startup channel A
Y Y
media access W frame and symbol [<
control N processing
channel A ‘ media channel A
access
X control
% channel B
coding / decoding M frame and
processes symbol '
channel A processing
channel B
coding / decoding
processes
to channel interface. channel B from channel interface

Figure 180 — Controller host interface context

125) The dark lines represent data flows between mechanisms that are relevant to this subclause. The lighter gray lines
are relevant to the protocol, but not to this clause.
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13.3 Interfaces

13.3.1 Protocol data interface

13.3.1.1 Protocol configuration data

13.3.1.1.1

Host read and write access

The host shall have write access to protocol configuration data only when the protocol is in the POC:config

state.

The host sh

13.3.1.1.2

All configurn

protocol configuration data:

— the nur

— the nur

— thenu

— the nun

— the nun

— the nun

— the nun

— the number of macroticks gdMinislotActionPointOffset constituting the offset of the action point with

minislo

— the nu
dynam

— the nun

— the nun

all have read access to protocol configuration data regardless of the protocol state.

Communication cycle timing configuration

ation data relating to the following communication cycle timing parameters, Shall be treateq

hber of microticks pMicroPerCycle constituting the duration of the commuhnication cycle;
nber of macroticks gMacroPerCycle within a communication cycle;

Mber of static slots gNumberOfStaticSlots in the static segment,

nber of macroticks gdStaticSlot constituting the duration ef a static slot within the static segmen
nber of macroticks gdActionPointOffset constituting the offset of the action point within static sl
hber of macroticks gdMinislot constituting the-duration of a minislot;

nber of minislots gNumberOfMinislots within the dynamic segment;

| of the dynamic slot;

mber of minislots gdDynarmicSlotldlePhase constituting the duration of the idle phase with
c slot;

nber of the last minislot pLatestTx in which transmission can start in the dynamic segment;

nber of mactoticks gdSymbolWindow constituting the duration of the symbol window;

within

— the nu‘erer of>macroticks gdSymbolWindowActionPointOffset constituting the offset of the action {

e.’symbol window;

as

in a

na

oint

— thecyc

le number gCycleCountMax after which the cycle counter is reset back to zero126),

In addition to the above, an implementation shall allow a system designer control over the parameters
gdSampleClockPeriod and pSamplesPerMicrotick. These parameters need not be directly implemented, but
may instead be derived from other parameters not explicitly defined in this specification.

For example, gdSampleClockPeriod may be derived from parameters that set the prescalers, phase-locked
loop multipliers, etc. for an implementation's sample clock and the designer's knowledge of the design
frequency of the underlying clocks. As a result, there is no specific requirement to be able to read or configure

126) The cycle counter will return to the same value after gCycleCountMax + 1 cycles.
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these exact parameters, but there is a requirement for a system designer to be able to control their values,
i.e., to control the period of the sample clock and the duration of the microtick to allow the values for those
guantities required by the specification.

13.3.1.1.3 Protocol operation configuration

All configuration data relating to the following protocol operation parameters shall be treated as protocol
configuration data:

the number of consecutive even/odd cycle pairs with missing clock correction terms
gMax\WithoutClockCarrectionEatal that will cause the protocol to transition from the PQC:narmal active or

POC:normal passive state into the POC:halt state;

the number of consecutive even/odd cycle pairs with missing clock correction_terms g
ClockCorrectionPassive that will cause the protocol to transition from the POC:nermal a
POC:normal passive state;

the number of microticks pClusterDriftDamping constituting the cluster drift.damping factor u
correction within clock synchronisation;

the number of macroticks pOffsetCorrectionStart between the start.of the communication cyf
start of the offset correction within the NIT;

the number of microticks pExternOffsetCorrection constituting the correction term used to
calculated offset correction value in the course of external ¢lock synchronisation;

the number of microticks pExternRateCorrectionsconstituting the correction term used to
calculated rate correction value in the course of external clock synchronisation;

the number of microticks pOffsetCorrectionOut constituting the upper bound for a permis
correction;

the number of microticks pRateCofrectionOut constituting the upper bound for a perm
correction and the maximum drift-effset between two nodes operating with non-synchronize
one communication cycle,

the Boolean parameter pAllowHaltDueToClock that controls the transition to the POC:halt stz
clock synchronisation(etror;

the number of-consecutive even/odd cycle pairs pAllowPassiveToActive during which
synchronisationiterms shall be received before the node transitions from the POC:normal pas
the POC:nosmal active state, including the configuration data to disable transitions from the F
passive State to the POC:normal active state;

the“Boolean parameter pKeySlotOnlyEnabled that defines whether, after completing startug
reStricted to send only in its key slots or is allowed to transmit in all assigned slots;

MaxWithout
ctive to the

sed for rate

cle and the

correct the

correct the

sible offset

issible rate
H clocks for

ite due to a

valid clock
Sive state to
POC:normal

, a node is

the Boolean parameter pKeySlotUsedForStartup that defines whether the specific node shall send startup
frames;

the Boolean parameter pKeySlotUsedForSync that defines whether the specific node shall send sync
frames;

the slot ID of the key slot, pKeySlotID. A node that does not have a key slot would configure pKeySlotID
to zero (a value which will never match any actual static slot ID). The effect of such a zero configuration
for pKeySlotID is that no static slot has the characteristics of the key slot (and thus the node, in effect,
does not have a key slot). The key slot, if the node has one, shall be assigned to the node by the CHI in
all cycles. In particular, the slot ID indicated by a non-zero configuration of pKeySlotID is assigned to the
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node (in the sense that for that slot the variable vTCHI!'Assignment is set to ASSIGNED) on all configured
channels in all communication cycles;

— the slot ID of the second key slot, pSecondKeySlotID in which a second startup frame shall be sent when
operating as coldstart node in a TT-L or TT-E cluster;

— the number of microticks pDecodingCorrection used by the node to calculate the primary time reference

point;

— the enumeration pChannels that indicates the channels to which the node is connected. The configuration

of cha

nnels supported by the device, pChannels., has a unique characteristic in that it may a

fect

signific
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to confi
mecha
paramsg
or in ar

— the mal
CAS sy

— the nun

— the nur
in the @

— the nur
in the @

— the nun
— the nun
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— the opfionall29 Bgelean parameter pExternalSync that defines whether the node begins operation
e clock&synchronisation externally synchronized (pExternalSync = true) or not externally

with th
synchr

hnt hardware details of the implementation. Dual channel devices shall be able to support si
| operation and single channel devices shall be configurable to work on either chapnel
| B. As aresult, it is required that an implementation be able to configure pChannels, but the al
gure this more than once while the CC is in the power on state (see 6.1.2) is not required.
nism does not need to be available in POC:config. A device may not, however, allow
tter to be modified in the POC:ready, POC:normal active, POC:normal passive, or-POC:halt stg
y of the states that are defined in the WAKEUP and STARTUP macros of the ROC process;

Kimum number of consecutive low bits gdCASRxLowMax which the nade-would accept as a
mbol;

nber of bits gdignoreAfterTx for which bit strobing is paused after<a transmission;

hber of microticks pDelayCompensation[A] used to include\the channel A specific reception d
alculation of the primary time reference point;

hber of microticks pDelayCompensation[B] used to“include the channel B specific reception d
alculation of the primary time reference point;

nber of bits gdTSSTransmitter within.the transmission start sequence;

XKimum number gSyncFramelD€ountMax of distinct sync frame identifiers that may be present
luster;

onall27) Boolean parameter pFallBackinternal that defines whether a time gateway sink node

to local clock opération when synchronisation with the time gateway source node is
ackinternal = trugyor will instead go to POC:halt (pFallBackinternal = false)129);

bnized (pExternalSync = false);

ngle
N or
bility
This
this
tes,

alid

blay

blay

nber of two-byte words gPayloadLengthStatic contained in the payload segment of a static frame;

ina

will
lost

130)

— the Bo

plean parameter pTwoKeySlotMode that defines whether the node operates as a coldstart nod

ein

aTT-E

13.3.1.1.4

or TT-L cluster.

Wakeup and startup configuration

All configuration data relating to the following wakeup and startup parameters shall be treated as protocol

configuratio

n data:

127) The Boolean parameter is only required in implementations that implement a time gateway sink.
128) This parameter shall not be set to true if the cluster contains more than one TT-E coldstart node.
129) The Boolean parameter is only required in implementations that implement a time gateway sink.
130) It is possible that the actual synchronisation mode of the cluster (as represented by the variable vExternalSync) can

change
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from externally synchronized to not externally synchronized during the operation of the cluster.
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the number of bits gdWakeupRxIdle used by the node to test the duration of the received id
high’ parts of a wakeup;

the number of bits gdWakeupRxLow used by the node to test the duration of the received
parts of a wakeup;

-2:2013(E)

le or 'active

‘active low’

the number of bits gdWakeupRxWindow used by the node to test the duration of a received wakeup;

the number of bits gdWakeupTxldle used by the node to transmit the idle part of the wakeup symbol;

the number of hits gd\AInI(nulnTyAm‘i\m used hy the node to transmit the 'active low/ part of

he wakeup

13.3

All
prot

symbol and the active low’ and "active high’ parts of a WUDOP;
the number of wakeup symbols pWakeupPattern to be sent by the node to create a wakeup p4

the enumeration pWakeupChannel that indicates on which channel a wakeup symbol shall b
issuing the WAKEUP command,;

the number of macroticks pMacrolnitialOffset[A] between a static slot boundary and the
macrotick boundary of the secondary time reference point based on the'Tmominal macrotick dun

the number of macroticks pMacrolnitialOffset[B] between a static slot boundary and the
macrotick boundary of the secondary time reference point based on the nominal macrotick du

the number of microticks pMicrolnitialOffset[A] between the secondary time reference point o
and the macrotick boundary immediately following the_secondary time reference point;

the number of microticks pMicrolnitialOffset[B] between the secondary time reference point o
and the macrotick boundary immediately following the secondary time reference point;

the number of microticks pdAcceptedStartupRange constituting the expanded range of
deviation for startup frames during integration;
timeout;

the maximum number ofitimes gColdstartAttempts that a node is permitted to attempt to star
by initiating schedule synchronisation;

the upper limit glistenNoise of the number of startup and wakeup listen timeouts in the presen|

.1.1.5 Network Management Vector configuration

onfiguration data relating to the following Network Management Vector parameters shall bg
peol eonfiguration data:

wttern;

P sent upon

subsequent
ation;

subsequent
ation;
n channel A

n channel B

measured

the number of microticks pdListenTimeout constituting the upper limit for the startup and wakeup listen

the cluster

ce of noise.

treated as

the number of bytes gNetworkManagementVectorLength contained in the network manageme

nt vector;

the Boolean parameter pNMVectorEarlyUpdate that defines the segment after which the accrued network

management vector is exported to the CHI;
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13.3.1.2 Protocol control data

13.3.1.2.1

Control of the protocol operation control

The CHI shall provide means for the host to send the following protocol control commands to the POC
process of the protocol. The conditions under which these commands will be acted upon or ignored are
defined in clause 13 and Table 4131)

— An ALLOW_COLDSTART command that activates the capability of the node to coldstart the cluster.

— An AL_ SLCTS CUTTITTTcal Id that bUIItIU:O thC tlallo;t;ull fIUIII thc :\C_y O:Ut \JII:y III\JdC tU thc (1” -.lOtS
transmjssion mode.

— A CONFIG command that causes a transition of the POC process from either the POC:default cgnfig
state of the POC:ready state to the POC:config state.

— A CONFIG_COMPLETE command that causes a transition of the POC process Arom the POC:cqnfig
state tq the POC:ready state.

— A FREEZE command that causes a transition of the POC process from any. ROC state to the POC|halt
state.

— An IMMEDIATE_READY command that causes an immediate transition of the POC process to|the
POC:rgady state.

— A RUN|[command that initiates the startup procedure.

— A DEFAULT_CONFIG command that causes a transition, of the POC process from the POC:halt stafe to
the POLC:default config state.

— ADEFERRED_HALT command that causes a transition of the POC to the POC:halt state.

— A WAKEUP command that initiates the wakeup procedure.

— A DEFERRED_READY command_that causes a transition of the POC process to the POC:ready gtate
from al| states except POC:default.config, POC:config, POC:ready, POC:halt.

— A CLEAR_DEFERRED command that removes any pending DEFERRED_READY or DEFERRED_HALT
commgnd.

13.3.1.2.2 |Control of MTS and WUDOP transmission

The CHI shall provide'means for the host

— to contfal’the transmission of MTS symbols on channel A within the symbol window. To perform thig the
CHI interacts—with—theprotocotengimevia thevarabte vFransmitMTS—A(asdefimedwithimthemMAC_A
process),

— to control the transmission of MTS symbols on channel B within the symbol window. To perform this the
CHI interacts with the protocol engine via the variable vTransmitMTS_B (as defined within the MAC_B
process),

131) The CHI does not buffer host commands and issue them to the POC at a later time — they are essentially passed

"immed
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iately" to the POC process.
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to control the transmission of WUDOPs on channel A within the symbol window. To perform this the CHI

interacts with the protocol engine via the variable vTransmitWUDOP_A132) (as defined within
process), and

the MAC_A

to control the transmission of WUDOPs on channel B within the symbol window. To perform this the CHI
interacts with the protocol engine via the variable vTransmitWUDOP_B (as defined within the MAC_B

process).

The control of MTS transmission shall support, at a minimum, the ability of the host to request a single MTS
transmission (i.e., a "one-shot" or manual MTS request).

The
tran
whi
the
the
indi

The
sup
defi

Autpmatically transmit a WUDOP in the symbol window if

with

It is
eac
acc
Wu

is r¢quired, however, that automatic WUDOP generation be independently controllable (i.e., swi

off)

A tr
WU

Trapsmissionsyin the symbol window shall be coordinated at a system level, i.e., the system de|

ens
the

control of the WUDOP transmission shall support the ability of the host to request a sing
smission (i.e., a "one-shot" or manual WUDOP request), but shall also support an automatic
h the host can identify a set of FlexRay communication cycles in which the CC will transmit a|
symbol window without additional host interaction. This automatic mechanism shall ‘operate in
manual mechanism (i.e., a WUDOP should be sent if either the manual or automaticymechanis
Cate that a WUDOP should be sent).

configuration of the specific cycles in which the automatic transmission\of WUDOPs takes

bort, at a minimum, the ability to define sets of communication cycles avhich equal the sets w
ned using a Cycle_Repetition and a Cycle_Offset to determine the cenfiguration:

vCycleCounter mod Cycle_Repetition = Cycle_Offset

Cycle_Repetition selected from the set of {1, 2,45, 8, 10, 16, 20, 32, 40, 50, 64}133),
Cycle_Offset selected from the set {0 ... 63} with Cycle_ Offset < Cycle_Repetition.

not required that an implementatien‘supports independent sets of repetition and offset par
N channel (i.e., a single set of parameters controlling automatic WUDOP generation for both
bptable). It is acceptable, but not required, that the repetition and offset parameters controllin
PDOP generation be modifiable;during operation (i.e., when the node is in the POC:normal act
bn a per channel basis-when the node is in the POC:normal active state134),

ansition into the ROC:ready state shall cause the CHI to reset any pending one-shot trans

PDOP's or MTS'§135).

ire for each channel that in any given cycle at most one node will transmit either an MTS or a
5ymbol window on that channel.

le WUDOP
request by
WUDOP in
addition to
ms, or both,

place shall
hich can be

ameters for
channels is
j automatic
ve state). It
ched on or

missions of

signer shall
WUDORP in

132) This variable represents the control value of both the automatic and manual mechanisms for WUDOP transmission.
133) These particular values of Cycle_Repetition are those that could be achieved by combining a "power of 2" filter with a

"count to 5" filter.

134) It is also allowable that automatic WUDOP generation can be switched on or off in other POC states, but the actual

generation of WUDOPs will only take place when the node is in the POC:normal active state.

135) This prevents unintentional WUDOP or MTS transmissions left over from previous operation for TT-E coldstart nodes

(for example, if an IMMEDIATE_READY command is followed by a RUN command).
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13.3.1.2.3

Control of external clock synchronisation

The CHI shall provide means for the host

control

control

value vExternOffsetControl,

value vExternRateControl.

to control the application of the external offset correction parameter pExternOffsetCorrection using the

to control the application of the external rate correction parameter pExternRateCorrection using the

A transition into the POC:ready state shall cause the CHI to set the variables that control the operation of the

external rat|
rate or offse

13.3.1.3 H

13.3.1.3.1
The CHI sh

The followir
can take or
the CHI wh
"reset" valu

An implemg
least one of

every t

every t

every t

The specifi

implementation dependent.

13.3.1.3.2
The followin
the stal

the flag

e and offset correction (i.e., vExternRateControl and vExternOffsetControl) such that no extg
t correction is requested.

rotocol status data

Overview and general behaviour

bll provide the protocol status information described in the following subclauses.

g subclauses define a number of indicators. These indicators are a-type of status information
two distinct values, labelled as "set" and "reset". An indicator is_set (i.e., given the "set" valug
bn certain events occur in the execution of the protocol, andare, in general, reset (i.e., given
B) by the host.

bntation shall ensure that each indicator described in.the following subclauses is reset undg
the following conditions:

ansition into the POC:default config state;
ansition into the POC:config state;
ansition out of the POC:config state.

Cc behaviour of an implementation with respect to the reset behaviour of each indicatio

Protocol operation-control status
g protocol operation control status variables shall be provided in the CHI:
us variable YPOC!State (as maintained by the POC process);

vPOCHreeze (as maintained by the POC process);

| P2 +ha Do

rnal

that

by
the

n is

the flag
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the flag vPOC!ICHIHaltRequest (as maintained by the POC process);
the flag vPOC!ColdstartNoise (as maintained by the POC process);
the status variable vPOC!SIotMode (as maintained by the POC process);

the status variable vPOCI!ErrorMode (as maintained by the POC process);
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— the number of consecutive even / odd cycle pairs vAllowPassiveToActive that have passed with valid rate
and offset correction terms, but with the node still in POC:normal passive state due to a host configured
delay to POC:normal active state (as maintained by the POC process);

— the status variable vPOC!WakeupStatus (as maintained by the POC process);
— the status variable vPOC!StartupState (as maintained by the POC process);

— the optionall36) flag vExternalSync (as maintained by the CSP process).

13 N4 Q. N \Alal (R * s
. 1L.O0.0 VVARTUU dITU Stdltupy status

The| number of remaining coldstart attempts vRemainingColdstartAttempts (as maintained by the POC
progess) shall be provided in the CHI as a startup status variable.

The| CHI shall provide indicators for the following wakeup and startup events:

— |a coldstart abort indicator that shall be set upon 'set coldstart abort indicator in CHI' (in accoydance with
the POC process) and reset under control of the host;

— |a wakeup pattern received indicator for channel A that shall be sefrupon 'set wakeup received indicator
on A in CHI' (in accordance with the FSP_A process) and reset{nder control of the host;

— |a wakeup pattern received indicator for channel B that shall be set upon 'set wakeup received indicator
on B in CHI' (in accordance with the FSP_B process) and\yreset under control of the host.

13.3.1.3.4 Communication cycle timing status

Thelfollowing communication cycle timing variablesshall be provided in the CHI:

— |the macrotick vMacrotick (as maintained by the MTG process);

— |the cycle counter vCycleCounter (as maintained by the MTG process);

— |the slot counter vSlotCounterfor channel A (as maintained by the MAC_A process);
— |the slot counter vSlotCeunter for channel B (as maintained by the MAC_B process).

The|values provided to-the host by the CHI for vMacrotick, vCycleCounter and vSlotCounter for channel A and
B shall be valid duringthe states POC:normal active and POC:normal passive.

A sapshot ofthe following communication cycle timing variables shall be provided in the CHI:

— |thegate correction value vinterimRateCorrection (in accordance with the CSP process):

— it VEXtEMatSync s false the Tate correction vatue 15 based o the ntermatty catcutated values, is
not limited by pRateCorrectionOut, and does not include any external rate correction value;

— if vExternalSync is true the rate correction value is imported from the time gateway source and
includes the limitation and external rate correction values as configured in the time gateway source.

— the offset correction value vinterimOffsetCorrection (as maintained by the CSP process):

136) The status variable is only required in implementations that implement a time gateway sink.
137) If the optional flag vExternalSync does not exist the communication controller shall behave as if vExternalSync is
equal to false. Refer to 5.6.4.
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— if vExternalSync is false the offset correction value is based on the internally calculated values, is not
limited with pOffsetCorrectionOut, and does not include any external offset correction value;

— if vExternalSync is true the offset correction value is imported from the time gateway source and
includes the limitation and external offset correction values as configured in the time gateway source.

The CHI shall provide indicators for the following communication cycle timing events:

— a sync frame overflow indicator that shall be set upon 'set sync frame overflow indicator in CHI' (in
accordance with the CSP process) and reset under control of the host;

— a pLatisth violation status indicator for channel A that shall be set upon 'set pLatestTx violation st

indicat

— a platg

indicatgr on B in CHI' (in accordance with the MAC_B process), and reset under control ofithe host;

— a trang
transm
proces

— a trans

transm
proces

13.3.1.3.5

A snapshot
by the CSP

— A list
commu

— A list
commu

— A list
commu

— A list
commu

The inform4
start of the

NOTE L

ron A in CHI' (in accordance with the MAC_A process), and reset under control of the hest;

StTX violation status indicator for channel B that shall be set upon 'set pLatestTx violation st

mission across boundary violation status indicator for channel A that shall be set upon
ssion across slot boundary violation indicator on A in CHI' (in accgrdance with the FS

5);

mission across boundary violation status indicator for channel B that shall be set upon
ssion across slot boundary violation indicator on B in CHI"(in accordance with the FS

).
Synchronisation frame status

of the following information, derived from the vsSyncIDListA and vsSynclDListB variables prov
process, shall be provided in the CHI:

containing the IDs of the sync frames *received or transmitted on channel A within the €
nication cycle as well as the number of\valid entries contained in this list;

tontaining the IDs of the sync.frames received or transmitted on channel B within the €
nication cycle as well as the number of valid entries contained in this list;

containing the IDs of theJsync frames received or transmitted on channel A within the
nication cycle as well @s)the number of valid entries contained in this list;

containing the DS/ of the sync frames received or transmitted on channel B within the
nication cycle’as‘well as the number of valid entries contained in this list.

ition shallkbe updated no sooner than the start of the NIT and no later than 10 macroticks afte
pffseticorrection phase of the NIT.

atus

atus

'set
P A

'set

P_B

ded

ven

ven

odd

odd

the

his.implies that for some NIT configurations the data update may complete after the start of the next cycl¢.

The number of consecutive even/ odd cycle pairs vClockCorrectionFailed that have passed without clock
synchronisation having performed an offset or a rate correction due to lack of synchronisation frames (as

maintained

13.3.1.3.6

by the POC process) shall be provided in the CHI.

Startup frame status

The number of channel aligned startup frame pairs received or transmitted during the previous double cycle,
aggregated across both channels, derived from the vStartupPairs variable provided by the CSP process, shall
be provided in the CHI as a snapshot.
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The availability of this information depends on the synchronisation method and role of the node in the cluster.
For TT-E coldstart nodes the information shall be updated no sooner than one microtick before the end of the
NIT in the odd cycle and no later than 10 macroticks after the start of the next cycle. For all other nodes the
information shall be updated no sooner than the start of the NIT in the odd cycle and no later than
10 macroticks after the start of the offset correction phase of the NIT.

NOTE This implies that for some NIT configurations the data update may complete after the start of the next cycle.

13.3.1.3.7 Symbol window status

A snapshot of the following symbol window variables shall be provided in the CHI for the slot status vSS
estgblished for each channel at the end of the symbol window:

— |the flag vSS!ValidMTS for channel A (in accordance with the FSP_A process);
— |the flag vSS!ValidMTS for channel B (in accordance with the FSP_B process);
— |the flag vSS!SyntaxError for channel A (in accordance with the FSP_A process);
— |the flag vSS!SyntaxError for channel B (in accordance with the FSP_B-process);
— |the flag vSS!BViolation for channel A (in accordance with the FSP_A process);
— |the flag vSS!BViolation for channel B (in accordance with thelFSP_B process);
— |the flag vSS!TxConflict for channel A (in accordance with the FSP_A process);
— |the flag vSS!TxConflict for channel B (in accordance with the FSP_B process);
Thelfollowing list indicates the behaviour of the CHI depending on the activities detected on the RxD input.

— |The low phases of a WUDOP might'cause an indication of a valid MTS even if only a WJUDOP was
actually present. This may or may-not happen (depending on the data rate, which affects thel duration of

what is accepted as a valid MTS).

— |Because the low phases _df a WUDOP can be considered as a valid MTS, the reception of multiple valid
MTS's within a symbol window is not indicated as a syntax error.

— |Although the WUDBORP is transmitted in the symbol window, an indication that a wakeup has been
received may _ngt/occur until sometime during the NIT (i.e., the symbol window status may become
available to thevhost before the indication that a wakeup has been received becomes available to the
host).

errors (i.e., those conditions represent exceptional circumstances such as additional conpmunication
elements, noise on the link, etc.).

— |In the-normal situation, the reception of an MTS or WUDOP will not result in boundary violatior:Fs or syntax

— It is possible to detect a valid MTS, or to detect a wakeup, even in the presence of syntax errors or
boundary violations

13.3.1.3.8 NIT status

A snapshot of the following NIT variables shall be provided in the CHI for the slot status vSS established for
each channel at the end of the NIT:

— the flag vSS!SyntaxError for channel A (in accordance with the FSP_A process);

— the flag vSS!SyntaxError for channel B (in accordance with the FSP_B process);
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— the flag vSS!BViolation for channel A (in accordance with the FSP_A process);

— the flag vSS!BViolation for channel B (in accordance with the FSP_B process).

13.3.1.3.9 Aggregated channel status

The aggregated channel status provides the host with an accrued status of channel activity for all
communication slots regardless of whether they are assigned for transmission or subscribed for reception.
The status is aggregated over a period that is freely definable by the host.

The CHI sh

— a chanpel specific valid frame indicator for channel A that shall be set if a valid frame was received'in|any
static or dynamic slot on channel A (i.e., one or more static or dynamic slots had vSS!ValidFrame equfl to
true) amd reset under control of the host;

— a chanpel specific valid frame indicator for channel B that shall be set if a valid framewas received injany
static of dynamic slot on channel B (i.e., one or more static or dynamic slots had vSS!ValidFrame equal to
true) amd reset under control of the host;

— a chanpel specific syntax error indicator for channel A that shall be set if one or more syntax errors were
observed on channel A (i.e., one or more static or dynamic slots including” symbol window and NIT |had
vSSISyntaxError equal to true) and reset under control of the host;

— a chanpel specific syntax error indicator for channel B that shall be set if one or more syntax errors were
observed on channel B (i.e., one or more static or dynamic slots including symbol window and NIT [had
vSS!SyntaxError equal to true) and reset under control of the‘host;

— a chanpel specific content error indicator for channelPA that shall be set if one or more frames with a
contenf error were received on channel A in any static' or dynamic slot (i.e., one or more static or dynamic
slots had vSS!ContentError equal to true) and reset under control of the host;

— a chanpel specific content error indicator-for channel B that shall be set if one or more frames with a
content error were received on channel B'in any static or dynamic slot (i.e., one or more static or dyngmic
slots had vSS!ContentError equal to_ tfue) and reset under control of the host;

— a chanpel specific additional communication indicator for channel A that shall be set if one or more valid
frames|were received on channel A in slots that also contained any additional communication during| the
observation period (i.e., ong or more slots had vSS!ValidFrame equal to true and any combination of
either ¥SS!SyntaxError.equal to true or vSS!ContentError equal to true or vSSIBViolation equal to true)
and reget under controhof the host;

— a chanpel specific)additional communication indicator for channel B that shall be set if one or more valid
frames|were.received on channel B in slots that also contained any additional communication during the
observation, period (i.e., one or more slots had vSS!ValidFrame equal to true and any combinatioh of
either ySSISyntaxError equal to true or vSS!ContentError equal to true or vSS!BViolation equal to true)
and reset under control of the host;

— a channel specific slot boundary violation indicator for channel A that shall be set if one or more slot
boundary violations were observed on channel A (i.e., one or more static or dynamic slots including
symbol window and NIT had vSS!BViolation equal to true) and reset under control of the host;

— a channel specific slot boundary violation indicator for channel B that shall be set if one or more slot

boundary violations were observed on channel B (i.e., one or more static or dynamic slots including
symbol window and NIT had vSS!BViolation equal to true) and reset under control of the host;
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a channel specific transmission conflict indicator for channel A that shall be set if one or more

transmission conflicts were observed on channel A (i.e., one or more static or dynamic slots
symbol window had vSS!TxConflict equal to true) and reset under control of the host;

and / or the

a channel specific transmission conflict indicator for channel B that shall be set if one or more

transmission conflicts were observed on channel B (i.e., one or more static or dynamic slots
symbol window had vSS!TxConflict equal to true) and reset under control of the host.

13.3.1.3.10 Dynamic segment status

Th

13.3

13.3

The

Mes

followina dvnamic seament statiis variahles shall he nrovided in the CHI:
gy ) 10

a channel specific value which represents the slot counter of the last frame transmitted\by t
channel A in the dynamic segment as reflected by the variable vLastDynTxSlot in the MAC_A
is updated at the end of the dynamic segment and would have a value of zero if no frame was
during the dynamic segment138);

a channel specific value which represents the slot counter of the last frame transmitted by t
channel B in the dynamic segment as reflected by the variable vLastDyOTxSlot in the MAC_H
is updated at the end of the dynamic segment and would have a value-of zero if no frame was
during the dynamic segment;

a channel specific dynamic resynchronisation attempted flag as reflected by the variable v
Attempt in the MAC_A process which is set if either a slot{was skipped, or a transmission
been blocked (i.e., the zNoTxSlot variable was set to true,\whether or not this actually resulted
transmission in the system), otherwise it is reset. It is updated at the end of the dynamic segm
a channel specific dynamic resynchronisation attempted flag as reflected by the variable
Attempt in the MAC_B process which is set_if’either a slot was skipped, or a transmission

been blocked (i.e., the zNoTxSlot variable was' set to true, whether or not this actually resulted
transmission in the system), otherwise itis.reset. It is updated at the end of the dynamic segm

.2 Message data interface

.2.1 Subject

message data interface addresses

the management-ofithe communication slots in which the node shall transmit messages,
the subscription of messages the host wants to receive, and

the exehange of message data between the host and the protocol engine within the node.

sage' transmission pertains to the message data flow from the host out to a FlexRay ng

and / or the

he node on
process. It
transmitted

he node on
process. It
transmitted

DynResync
might have
in one less
Ent;

DynResync
might have
in one less
ent.

btwork, and

mes

£+ " Bian-Bertataa-ta-th "o P Aataflaoa frara FlavRav nabhaarle o +h 2N +
SAagCTC Lt PO PCTam TS toO tICTHCSSagtuata oV T O A T ICATAY TTCTVWWOTIK T Ot e T1O3tT

13.3.2.2 Communication slot assignment

A node in the POC:normal active state is able to transmit messages by sending frames on one or both
channels of the FlexRay bus and is able to receive messages by receiving frames on one or both channels of
the FlexRay bus.

138) This variable can be used to determine if the frame corresponding to a given slot in the dynamic segment was
actually transmitted. This is especially beneficial for continuous transmission mode since then the "frame transmitted"
flag is less useful. In the event of an aborted transmission due to a pLatestTx violation in the dynamic segment, this
value will indicate the ID of the frame that was aborted.
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The information on when a node shall send or receive a message is called communication slot assignment.
Communication slot assignment shall be done for each available channel.

A specific communication slot of a specific communication cycle can be identified by the pair of a slot number
and a communication cycle number in either the static or the dynamic segment.

Slot multiplexing, i.e. assigning slots having the same slot identifier but with different communication cycle
numbers to different nodes, is allowed by the protocol in the static segment for slots which are not configured
as key slots. The configuration of assignment shall ensure that transmission in the cluster is conflict-free139),
Slot multiplexing is allowed for all slots in the dynamic segment. It is up to the application or the configuration
to ensure that transmission in the cluster is conflict-free.

13.3.2.3 CGommunication slot assignment for transmission

13.3.2.3.1 |General behaviour

A specific TDMA slot (communication slot) in either the static or dynamic segment of a specific communication
cycle shall[be assigned to a node for transmission by assigning the correspanding slot identifier [and
communicafion cycle number for a channel to the node according to the constrtaints listed in subclayses
9.1.4.1 and|[9.1.5.1.

A node in the POC:normal active state will always transmit a null frame{oy‘a non-null (data) frame in a|slot
assigned td this node for transmission within the static segment. A nodé in the POC:normal active state| will
always transmit a non-null (data) frame in a slot assigned to this, nede for transmission within the dynamic

segment if @n active transmit message buffer is found (see 13.3.2,7.6).

13.3.2.3.2 |Cycle-independent and cycle-dependent slotassignment
The CHI sh
independen
this node o

all provide the possibility to assign communication slots of a channel to the node for transmisgion
t of the cycle number, i.e. all slots sharing:the slot ID in all communication cycles are assigned to
this channel. This method of assignment is referred to as "cycle-independent slot assignment.

The CHI shall provide the possibility to assign“individual slots (identified by the pair of a slot number and a
cycle countger number) or sets of slots (identified by a slot number and a set of communication cycle numbers)
of a channgl to the node for transmission. This method of assignment is referred to as "cycle-dependent|slot
'. The CHI shall provide a_mechanism to enable or disable the possibility of cycle-dependent|slot
assignment| for slots located in tHe static segment140). The enable / disable mechanism for cycle-depenglent
slot assignment shall be availakle/to the host only while the node is in the POC:config state.

If cycle-dependent slot assignment is disabled, the CHI shall only allow cycle-independent slot assignment for
communication slots in{the static segment. In this case the node will transmit a frame in all slots of the s}atic
segment sharing the‘slot number of the assigned slot in all communication cycles.

In the stati

segment when a slot in a communication cycle occurs and this slot is assigned to a node,

the

node shall fransmit either a non-null frame or a null frame in that slot. Specifically, a null frame will be sgnt if

there is no data ready, or if there is no transmit buffer configured for this slot (see 13.3.2.8.2).

In the dynamic segment when a slot in a communication cycle occurs and this slot is assigned to a node, the
node only transmits a non-null frame in this slot if an active transmit message buffer is found (see 13.3.2.7.6.

139) It is also possible to achieve slot multiplexing in the static segment by reconfiguring assignment during the operation
in the system. In this case it is up to the application to ensure conflict-free transmission.

140) The enable / disable mechanism allows the user to select between static segment behaviour consistent with the
previous versions of the protocol (where a node that transmits in a slot with a specific slot number in any cycle shall
transmit either a non-null frame or a null frame in all slots with this number in all cycles) and new static segment
behaviour that allows a node to transmit in a slot with a specific slot number in only some cycles (i.e., it is no longer
necessary that a node that transmits in a slot in a particular cycle shall transmit in all slots with this number).
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In both segments the system designer shall ensure that no two nodes transmit in the same slot.

13.3.2.3.3 Transmission slot assignment list

2:2013(E)

The set of all slots assigned to a node for transmission is called the "transmission slot assignment list".

An implementation may explicitly implement the transmission slot assignment list or derive it dynamically from
the transmit buffer assignment (see 13.3.2.8.2) or implement a mixture of explicit and implicit assignment.

In any case the implementation shall ensure that all requirements for the transmission slot assignment list in

this

nod
whi

The)
eng

subclause are fulfilled._This is nclnm‘inlly true for the Qlllhlhnl’fpri sets of slots which can he ass
b for transmission. The transmission slot assignment list has to support all combinations of setd
h transmit buffers can be configured.

jgned to the

of slots for

CHI has to ensure that at the beginning of each slot it provides up to date information to the protocol

ne as described in 13.3.2.8.3.

In t

spetific entry of the transmission slot assignment list, the corresponding~header CRC for
transmission slot assignment list entry shall be part of the transmission slof-assignment list so that
franpe can be sent. Further descriptions of the mechanisms in this subclause assume that the t

e static segment this is especially true for the header CRC. If there is no transmit buffer confjgured for a

his specific
a valid null
ansmission

slotfassignment list includes the corresponding header CRC for each.entry.

An |mplementation shall provide the ability to modify the transmission slot assignment list in all $tates other
than POC:default config, and shall prevent modification ofithe transmission slot assignmenf list in the
POC:default config state.

An [implementation shall provide a configurable mechanism to prevent the host from mqdifying the
transmission slot assignment list in states other thantPOC:config. Configuration (i.e., enabling or disabling) of
this| mechanism shall only be possible in the POC:config state. It is allowed, but not requirgd, that this
configuration mechanism be the same mechanism that allows configuration of write access to the message
buffer configuration information described in 13.3.2.6.2.

Modification of the transmission slot @ssignment list shall only be possible in states other than PDC:config if
this|capability was explicitly enabled during the POC:config state.

13.3.2.3.4 Key slot assighment

For [key slots only cyclesindependent slot assignment is allowed. Key slots shall be assigned to a|node for all
conhected channels,d-¢e: all slots of all connected channels sharing the key slot IDs in all comymunication
cycles are assigned. to this node.

Thel modification of the assignment of key slots shall only be possible during the POC:config stat¢. The node
shall ignore-attempts to change the assignment of a key slot in all other states.

13.3.24 Communication slot assignment for reception

A node in the POC:normal active state can receive all frames and therefore all messages on the FlexRay bus.
Frames which are relevant for the operation of the protocol (sync frames, for example) will be processed by
the protocol engine automatically without the need of explicit assignment of the corresponding communication
slots for reception.

This specification gives no guidance on how communication slot assignment for reception shall be
implemented.

See 13.3.2.8.2, which describes requirements for message buffers used for reception.
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13.3.2.5 Conflicting communication slot assignment for reception and transmission

In the static segment if a node has been configured to receive a message in a specific slot it shall only do so if
this slot has not also been assigned to the node for transmission. Transmission of messages in the static
segment always has precedence over reception.

In the dynamic segment transmission has precedence over reception in a specific slot if there is at least one
transmit message buffer with valid payload data configured for this specific slot.

13.3.2.6 Non-queued message buffers

13.3.2.6.1 |Structure and general behaviour

Message tflansmission and reception operate on message buffers. A non-queued message-huffer |s a
structure which consists of

— message buffer configuration data,
— message buffer status data, and
— message data.

Upon a tranpsition from either the POC:normal active or POC:normal passive state to either the POC:halt or
POC:ready |state the CHI shall continue to provide the host access to thée.data that it would have provided [had
the POC renained in the POC:normal active or POC:normal passive states. Note that at this point the CHI will
no longer update the data as the protocol engine will stop providing new data.
The behavipur of the CHI upon attempted host access to buffer status or payload data that has never been
updated by|the CHI because no data was provided by theZprotocol engine is implementation dependent.|lt is

required that the access to such data does not give the appearance that data was received or transmitted
when such a reception or transmission did not actually-take place.

13.3.2.6.2 |Message buffer configuration data

The message buffer configuration datasshall contain at least the following parameters for each mesgage
buffer:

— atype |ndication (transmit or receive message buffer);

— the chdnnel identifier (A}\B; or, for dual channel devices, A&B) on which the node shall transmit or recgive
a mesdage using this/buffer;

— the slof identifier of the communication slot in which the node shall transmit or receive a message uking
this buffer;

—  the set-effcommunication—ecvcles—in—which—-the—nhode—shalltransmit-or-receive—a—message—using—tata
N I I

provided in this message buffer.

Additionally a message buffer configured for transmission needs to contain the following configuration
parameters:

— the length of the available message data in the buffer (MessageLength)141);

141) In the static segment MessagelLength describes the number of two-byte words that are provided to the protocol
engine by the CHI. The macro ASSEMBLE_STATIC_FRAME assures that a frame with the correct length (i.e.,
gPayloadLengthStatic) is transmitted by the protocol engine. In the dynamic segment this value describes the actual
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— the payload preamble indicator (for the network management service or message ID filtering);
— the header CRC;

— atransmission mode indicator (single shot mode or continuous mode).

The previously identified buffer configuration information is divided into two classes.

— Class 1 Buffer Configuration Data:

— the f\]/pn indication;

— the channel identifier;

— the slot identifier;

— the set of communication cycles.

— |Class 2 Buffer Configuration Data.

— the length of the available message data;
— the payload preamble indicator;

— the header CRC;

— the transmission mode indicator.

The| host shall have read access to both classes.0f message buffer configuration data independently of the
protpcol state.

The|host shall have write access to both.classes of message buffer configuration data in the POC:¢onfig state.

An [mplementation shall allow configuration of message buffers in all states other than POC:default config,
and|shall prevent configuration of message buffers in the POC:default config state. An implementation shall
proyide a configurable mechanism to prevent the host from writing certain classes of mesgage buffer
configuration data in states other than POC:config. The configuration of this mechanism, i.e., the [selection of
whi¢h classes of messagé buffer configuration data can be written, shall only be possible in the |POC:config
state. At a minimum, an implementation shall support the following configurations.

— | No write accessto either Class 1 or Class 2 message buffer configuration data while in state$ other than
POC:configrand POC:default config.

— |Write~access to both Class 1 and Class 2 message buffer configuration data while in stateg other than
POE:config and POC.:default config.

— Write access to Class 2 message buffer configuration data but no write access to Class 1 buffer
configuration data while in states other than POC:config and POC:default config.

An implementation shall be capable of applying the previous configurations to all non-queued message
buffers142) but an implementation may provide more fine-grained control, allowing sets of message buffers to
have different restrictions.

number of two-byte words in the frame to be transmitted.
142) An exception to this requirement applying to all buffers is that it is allowable that message buffers exclusively
associated with key slots are always restricted from configuration in states other than POC:config.

© 1SO 2013 — All rights reserved 243


https://standardsiso.com/api/?name=f211e9aafd8b16a0eaf0dea8f11a435e

ISO 17458-2:2013(E)

The implementation shall ensure that it is not possible for the host to change the configuration data of a
message buffer while the buffer is being used according to 13.3.2.8.3 or while it is updated by the controller.

13.3.2.6.3

Message buffer status data

The message buffer status shall be able to provide the following information to the host:

aslots

slot status;

tatus updated indicator;

channe

The messal

| indication of the channel which the slot status refers to.

pe buffer status shall be able to indicate the status information listed in 13.3.2.8.4 for a tran

message buiffer or the status information listed in 13.3.2.9.3.1 for a receive message buffer.

The CHI sh
correspond

When the h
class 2 con

all indicate that the slot status information of a message buffer has been updated by setting
ng slot status updated indicator to true.

ost (re)configures a message buffer (i.e., when the host performs a writé access to the class
iguration data for a buffer), the CHI shall set the slot status updated:indicator of the correspon

message buffer to false.

The CHI sh
POC:ready
transition of

13.3.2.6.4

The payloa

state to either POC:coldstart listen, POC:external startup.or POC:integration listen (i.e., upd
the variable vPOC!State from READY to STARTUP).

Message buffer payload data and payload data valid flag

| data to be transmitted in a frame or the payload data which a node receives will be stored in

message bliffer data portion of the corresponding message buffer (see subclauses 13.3.2.9.2 and 13.3.2.§

smit

the

1 or
ding

all set the slot status updated indicator to false for all méssage buffers upon a transition from

na

the
2).

The CHI will grant the following access rights te thé message buffer payload data:

— for transmit buffers the host shall have read and write access to the data;

— for recgive buffers the host shall'\have read access to the data.

The CHI will write the data on.reception of the corresponding frame when the data is provided by the protpcol
engine.

The CHI shpll ensure that'it always provides a consistent set of configuration and status and message dafa to
the host in ¢ase of reeeive message buffers and to the protocol engine in case of transmit message buffers.
Each messpge buffer shall provide a Boolean payload data valid flag associated with the message buffer
payload data. T
The host shall be granted the same access rights to this flag as for the message buffer payload data.

By setting this flag to true in a transmit message buffer the host indicates that the message buffer payload
data in the message buffer is ready for transmission, i.e. the payload data is "valid". The CHI can change the
value of the payload data valid flag when the corresponding frame has been sent depending on the
transmission mode indicator (see 13.3.2.8.2).

For receive buffers the CHI sets the payload data valid flag to true when the message buffer payload data
actually contains the payload data of a received frame.
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When the host (re)configures a message buffer (i.e., when the host performs a write access to the class 1 or
class 2 configuration data for a buffer), the CHI shall set the payload data valid flag of the corresponding
message buffer to false.

The CHI shall set the payload data valid flag to false for all receive message buffers upon a transition from
POC:ready state to either POC:coldstart listen, POC:external startup or POC:integration listen (i.e., upon a
transition of the variable vPOC!State from READY to STARTUP). The payload data valid flag for transmit
message buffers shall not be modified upon a transition from POC:ready state to any state143) 144),

The CHI shall set the payload data valid flag to false for all transmit message buffers upon a transition into the
POC:ready state from any state other than POC:config, POC:wakeup listen, POC:wakeup send, and

PO(
or N

13.3

For
to th

In this context, a buffer being "enabled" refers to whether or not a buffe¥s) configuration (see 1

coI
con
recd

NOT
the 4

Buffer locking refers to an optional, implementation-specific mechanism often used to ensure thg

acc
will
vTQ
cap
if a

13.3
13.3
In ¢
in al
dete

a)

C:wakeup detect (i.e., when the vPOC!State variable changes from either STARTUP, NORMA
ORMAL_PASSIVE to READY)149),

.2.6.5 Buffer enabling and buffer locking

the purposes of the selection of buffers, this part of ISO 17458-2 defines twg additional conc
e availability of buffers — an enabled / disabled status and a locked / unlockéd (buffer locking) {

plete. A buffer that has not been configured, or is in the process of being configured or recd
sidered  disabled. A buffer whose configuration is complete;, and is not in the proces
nfigured, is considered enabled.

E The enabled / disabled status of a buffer has nothing to\do with the host reading or making ma
tatus or payload data of the buffer (see buffer locking, described-below).

bsses to a buffer's slot status and payload data-information are atomic. When a buffer is loch
hot update the buffer's slot status or payload data information, and will inform the protocol eng
HI'TxMessageAvailable flag) that no data is available from the buffer. Buffer locking is
hbility of an implementation, but if present,the locked / unlocked status shall be considered wh
puffer is a candidate (see 13.3.2.7.2.and"13.3.2.7.3).

.2.7 Non-queued message huffer identification

.2.7.1 Principles of méssage buffer selection

hse that the host has configured several non-queued message buffers for transmission and /
specific slot the€HI has to select an "active message buffer" at the beginning of this spec
rministic way,according to the following general steps which will be detailed in the following su

Identify. the 'set of "candidate transmit buffers" and the set of "candidate receive buffers", i.
bufferSwhich have been configured for the specific slot where the transmission or reception sh

b)

Identify one buffer out of the set of the candidate transmit buffers for the specific channel as th

L_ACTIVE,

bpts related
tatus.

B.3.2.6.2) is
nfigured, is
s of being

difications to

t the host's
ed the CHI
ine (via the
an optional
en deciding

Dr reception
fic slot in a
bclauses.

B, message
all happen.

e "selected

transmit buffer” and 1dentify It as the "active message buffer” for the channel. Tf no transmit bu
then identify one buffer out of the set of the candidate receive buffers for the specific cha
"selected receive buffer" and identify it as the "active message buffer" for the channel.

fer is found
nnel as the

143) This allows an application to pre-configure payload data for transmission in the POC:ready or POC:config states, i.e.

to prepare buffers for transmission before issuing the RUN command.

144) The system designer should be aware that after issuing a RUN command the payload data valid flag is only cleared

for receive buffers - the payload data valid flag for transmit buffers remains in the original state.

145) This prevents unintentional transmissions due to payload data valid flags left over from previous operation (for

example, if an IMMEDIATE_READY command is followed by a RUN command).
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These steps shall be performed on a per channel basis, i.e., if the communication controller is configured for
dual channel operation the identification process shall be performed for each channel without considering the
result of the other channel. As a result the CHI in this case may identify two active message buffers, one for

each channel146),

13.3.2.7.2

Candidate transmit message buffer identification

If a slot is assigned to the node according to the transmission slot assignment list the CHI shall evaluate

— the message buffer configuration (type indication, slot identifier, channel identifier and set of

commy
— the cur
— the sedg
— the cur
— the cur
to identify th

The followi

transmit buffers (value true in the "candidate" column).

The table u
— thetyp
— the slof

— the cha

— the spg

— the me

— if the i
host.

Buffer match evaluates to/trlie if all the conditions above are met. It evaluates to false if one or more of th
conditions gre not met.

Table 8 spdcifiesithe transmit message buffer candidate.

pication-cycles)}and-the-paydoad-datavalid lag-ofallnen-gueued-message butfers AND
rent status of the buffer locking (if applicable) AND

ment in which the slot with the specific slot identifier is located AND

Fent protocol state vPOC!State of the protocol engine AND

fent slot mode vPOCI!SlotMode of the protocol engine

e set of the candidate transmit message buffers for this slot.

ng table determines for a given buffer whether it becomesfa)member of the set of candi

5es the term "buffer match" to indicate that

b indication of the buffer identifies it as transmit buffer AND

identifier matches the slot number of the spécific slot AND

nnel identifier is included in pChannels AND

cific communication cycle is in the set of communication cycles AND
5sage buffer is enabled (see. 13.3.2.6.5) by the host AND

mplementation supperts/buffer locking (see 13.3.2.6.5) the message buffer is not locked by

late

the

ese

146) A message buffer that is configured for both channels can be the only active message buffer.
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Table 8 — Transmit message buffer candidate

Buffer Segment vPOC!State payload data valid vPOC!SlotMode Candidate
match flag
true dynamic NORMAL_ACTIVE true KEYSLOT or false
ALL_PENDING
true dynamic NORMAL_ACTIVE true ALL true
true dynamic NORMAL_ACTIVE false don't care false
true dynamic all but don't care don't care false
NORMAL AT /C
rue static don't care don't care don't care true
false don't care don't care don't care don't care false
If alslot is not assigned to the node for transmission according to the transmission slot assignment list, then

the

13.3

A ngn-queued message buffer will be included in the set of candidate(receive message buffers for

If ng
mes

13.3

Inc

et of the candidate transmit message buffers for this slot is empty.

.2.7.3 Candidate receive message buffer identification

the type indication of the buffer is set to receive buffer AND

the slot identifier matches the slot number of the specific slot AND

the channel identifier is included in pChannels AND

the specific communication cycle is in the Set of communication cycles AND
the message buffer is enabled (see<13/3.2.6.5) by the host AND

if the implementation supports, buffer locking (see 13.3.2.6.5), the message buffer is not lo
host AND

for the static segment anly the CHI does not consider the slot / channel combination to be &
transmission (i.e., theyvalue of vTCHI!Assignment that is passed to the protocol engine is UNA

ne of the configured receive message buffers fulfils all these conditions, then the set of candic
sage buffers is empty for the slot.

.2.7.4 . Selected transmit buffer identification

hse)that more than one message buffer is member of the set of candidate transmit message

A slot when

ked by the
ssigned for
SSIGNED).

ate receive

buffers, the

CHI has to select one specific message buffer out of this set. This selection process is implementation
dependent, but has to meet all of the following requirements.

The selection process has to be deterministic so that the host can predict the result.

If there is at least one candidate transmit message buffer there shall be a selected transmit message

buffer.

The selected transmit message buffer shall be one of the candidate transmit message buffers.

If one or more of the transmit candidate message buffers have the payload data valid flag set to true the

selected message buffer shall be one of these.
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— If the set of candidate transmit message buffers is empty, no buffer will become the selected transmit

buffer.

13.3.2.7.5

Selected receive buffer identification

In case that more than one message buffer is member of the set of candidate receive message buffers, the
CHI has to select one specific message buffer out of this set. This selection process is implementation

dependent,

— The sel

but has to meet all of the following requirements.

ection process has to be deterministic so that the host can predict the result.

— If therg
buffer.

— The se

— If the 3
buffer.

13.3.2.7.6

The active message buffer is determined according to the following rules.

— If there
messal

— If there
messal

— If there
no acti

Depending

message buiffer" or "active receive message-buffer" in the following subclauses.

For a given

13.3.2.8 Nlessage transmission

13.3.2.8.1

Message tr
13.3.2.3). T|
in principle

is at least one candidate receive message buffer there shall be a selected receive meéss

ected receive message buffer shall be one of the candidate receive message buffers.

et of candidate receive message buffers is empty, no buffer will become.the' selected rec

Active message buffer identification

is a selected transmit message buffer then the active message buffer is the selected tran
he buffer.

is no selected transmit message buffer but there is\a selected receive message buffer the ac
e buffer is the selected receive message buffer.

is neither a selected transmit message buffer nor a selected receive message buffer then the
e message buffer.

on the value of the type indication the active message buffer will be called "active tran

channel there can be at most'/one active message buffer at a time - independent of its type.

General conegpt

ansmission)is primarily determined by the concept of the transmission slot assignment list
ransmittmessage buffers provide the information (e.g. payload data) which shall be transmitted
ransmission could take place without a transmit buffer being configured.

age

eive

sMit

tive

eis

5mit

see
but

13.3.2.8.2

Transmit buffer configuration

A transmit buffer shall be configured for a transmission based on the channel identifier and the slot

assignment

information describing in which slot the transmission shall occur.

For frames transmitted in the static segment, the following channel configuration shall be supported:

— configured for channel A;

— configured for channel B;

— for dua
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| channel devices, configured for channel A and for channel B.
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For frames transmitted in the dynamic segment, the following channel configurations shall be supported:

configured for channel A;

configured for channel B.

It shall be possible to configure a transmit buffer for a single slot or for a set of slots sharing the same slot
identifier in a configurable set of communication cycles.

The configuration of the set of communication cycles shall support, at a minimum, the ability to define sets of

com

munication cycles which equal the sets which can be defined using a Cycle Repeti

ion and a

Cyc

with

Inc
buff]

Eac]
The|

For

The|
afte

e_Offset to determine the configuration:

The transmit buffer is configured for a transmission slot if vCycleCounter mod Cycle R
Cycle_Offset

Cycle_Repetition selected from the set of {1, 2, 4, 5, 8, 10, 16, 20, 32, 40,50, 64};
Cycle_Offset selected from the set {0 ... 63} with Cycle_ Offset < Cyele" Repetition.

ase the CHI allows that multiple buffers are configured for the“same slot the CHI has to sele
er for transmission in a deterministic way which is predictable by the host (see 13.3.2.6.5).

payload data valid flag denotes whether the message contained in the transmit buffer is valid g
each transmit buffer the CHI shall ensure that\the protocol engine either
is provided with a consistent set of valid-message data from the transmit buffer, or

receives an indication that a consistent read of message data is not possible or that the tral
contains no valid message (i.ex.when the payload data valid flag is set to false).

CHI shall support at least two modes, which determine how the payload data valid flag shall
[ a transmission.

Single shot transmission mode:

When payload‘data has been provided by the host and marked as valid by setting the payloa
flag to true;.the data remains valid until the data has been transmitted (i.e., the protocol en
vSS!FrameSent as true). After the transmission, the CHI shall automatically invalidate the da
the payload data valid flag to false (i.e., the payload data is transmitted exactly oncel47?) as

thecbuffer update by the host).

h transmit buffer is associated with a payload data valid ‘flag and a transmission mode indicatot].

epetition

ct a unique

r not.

nsmit buffer

be updated

d data valid
jine returns

by setting
he result of

Ccontinuous transmission mode:

When payload data has been provided by the host and marked as valid by setting the payload data valid
flag to true, the data remains valid until the host explicitly marks the data as invalid by setting the payload
data valid flag to false (i.e., the payload data is transmitted repeatedly until the host invalidates the buffer

data).

147) In the static segment null frames may be transmitted when the payload data valid flag is false.
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13.3.2.8.3 Transmit buffer identification for message retrieval

The protocol engine interacts with the controller host interface by importing the message data provided by the
CHI at the start of each slot according to the media access control processes defined in clause 9. The protocol
engine imports data elements from the CHI as defined in 9.3.

In response to each request the CHI shall perform the following steps.
a) The CHI shall check whether the slot is assigned to the node on the relevant channel by querying the

transmission slot assignment list for the relevant channel using vCycleCounter and the channel-specific
value for vSlotCounter.

b) If the glot is not assigned to the node then the CHI shall return vTCHI with vTCHI!Assignment, sat to
UNASS$IGNED else vTCHI'Assignment shall be set to ASSIGNED and the subsequent steps-shall be
executed.

c) vTCHI!'EeaderCRC shall be set to the value of the header CRC retrieved from the transmission |slot
assignient list148),

d) The acfive transmit message buffer shall be identified according to the process described in 13.3.2.7.

e) |If therq is no active transmit message buffer then the CHI shall signal to the protocol engine that| the
commynication slot is assigned but without any messagel data available by sefting
VTCHIlTxMessageAvailable to false and returning vTCHI.

f)  If therglis an active transmit message buffer then a consistent fead of its data shall be attempted.

g) If a consistent read is not possible (i.e., if the buffer is locked149)), or the payload data valid flag is s¢t to
false, then the CHI shall signal to the protocol engine that the communication slot is assigned but without

any mgssage data available by setting vTCHI!TxMessageAvailable to false and returning vTCHI.

h) If a copsistent read is possible, the CHI shall signal to the protocol engine that the message data is
available for this communication slot by setting

— VT[CHI!TxMessageAvailable to true,

— VTCHI'PPIndicator to the value-retrieved from the transmit buffer configuration data as defined by the
message ID filtering serviee in 13.3.3.3 and the network management service in 13.3.3.4,

— VT[CHI!Length to the-length of the message MessagelLength held in the corresponding trangmit
buffer,

— VT[CHI!Message to the message data from the transmit buffer

and refurning’ vTCHI.

13.3.2.8.4 Transmit buffer status

A message buffer configured for transmission shall be able to hold a snapshot of the following status
information:

148) The header CRC information in the transmission slot assignment list may be derived dynamically from information in
the transmit buffer configuration.

149) See 13.3.2.6.5. In most circumstances a buffer could not be an active transmit message buffer if it is locked. It is
possible, however, that the buffer is locked by the host after it has already been selected as the active transmit
message buffer.
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a frame transmitted indicator that shall be set to true if a frame that was not a null frame was completely

transmitted1%0). The CHI shall set the frame transmitted indicator to true if there was a com
transmission in the slot (vSS!FrameSent is true), and shall leave the frame transmitted ind
current value if there was not a complete frame transmission in the slot (vSS!FrameSent is
CHI shall provide a mechanism which allows the host to reset the frame transmitted indicator;

plete frame
icator at its
false). The

a syntax error flag that shall be set if a syntax error was observed in the transmission slot
(vSS!SyntaxError set to true) or cleared if no syntax error was observed in the transmission slot

(vSS!SyntaxError set to false);

a content error flag that shall be set if a content error was observed in the trans

nission slot

The
CHI

If a

liste
cha

13.3

13.3

Med
datd

(vSS!ContentError set to true) or cleared if no content error was observed in the transy
(vSS!ContentError set to false);

a slot boundary violation flag that shall be set if a slot boundary violation, i.e. channeljactive at
at the end of the slot, was observed in the transmission slot (vSS!BViolation setto true) or g
slot boundary violation was observed in the transmission slot (vSS!BViolation,setto false);

a transmission conflict flag that shall be set if a transmission conflict error was obse

transmission slot (vSS!TxConflict set to true) or cleared if no transmission conflict error was
the transmission slot (vSS!TxConflict set to false);

status52).

shall provide a mechanism that allows the host to resét this indicator.
transmit buffer is configured for both channelA*and channel B it shall be capable of storing

d status information separately for each channel, and it shall be possible to determine the co
nnel for each set of status information.

.2.9 Message reception

.2.9.1 Receive buffer types

sage reception operates ‘on queued and / or non-queued receive buffers. A non-queued receiv
storage structure

for which the hest-has access to the data through a read operation,
for which.the protocol engine has access to the data through a write operation, and

in whieh new values overwrite former values.

hission slot

the start or
leared if no

ved in the
bbserved in

a valid frame flag that shall reflect the status of the vSS!\ValidFrame variable in the transmission slot

slot status updated indicator shall be set to true by the*"CHI when the slot status has been updated. The

the above
responding

e buffer is a

Ref

br to.subclauses 1332902 and 13329 3 forthe rnnlllirnmnnfc on-Ron-gl 1leued-receive buffers

A queued receive buffer is a data storage structure

for which the host has access to the data through a read operation,

150) A frame is considered completely transmitted at the start of transmission of the FES. See the frame transmitted on A

signal in Figure 55 for details.

151) In most cases vSS!ValidFrame will be set to false if a transmit buffer was selected as the active buffer, but there are

circumstances where it could be set to true even though a transmit buffer was selected (if, for example,

transmission

is prohibited because the MAC is in the KEYSLOTONLY mode or if the node is in the POC:normal passive state).
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Refer to 13.

13.3.2.9.2

for which the protocol engine has access to the data through a write operation, and

in which new values are queued behind former values.

3.2.11 for the requirements on queued receive buffers / FIFO's.

Non-queued receive buffer configuration

For each slot on each channel the protocol engine provides a tuple of values to the CHI consisting of a slot
status vSS of the communication slot in the current communication cycle and, if a semantically valid frame

was receive
Subclause

In general,
a chan

a cycle

din thic cammunicatinn clat an thic channal tha cantante VRE of tha firct camanticallvs valid fr
e—HiHH HFHHGaHE RSO0t HS-GRa R e HRe-CoRe S =T e HSHSeantcary—vartaH

| 3.3.2.7 describes how a specific receive buffer is selected based on this tuple.

h receive buffer will be configured with the following:

a slot iglentifier configuration identifying a single slot identifier;

nel configuration identifying a set of channels (A, B, or both A and B);

counter configuration identifying a set of communication cycles.

It shall be possible to configure a receive buffer for a single slot or for a Set of slots sharing the same

identifier in
The config
communical
Cycle_Offs¢

The receive

vCycle
with
— Cycle_
— Cycle_
For frames

receive

receive

for dual

A configurable set of communication cycles.

Liration of the set of communication cycles shall support, at a minimum, defining setj
tion cycles which equal the sets which can be ,defined using a Cycle Repetition an
bt to determine the configuration:

buffer is configured for a reception slot if

Counter mod Cycle_Repetition = Cycle_Offset

Repetition selected from the setof {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 50, 64}

Dffset selected from the set'{0 ... 63} with Cycle_Offset < Cycle_Repetition

received in the static’segment, the following channel configuration shall be supported:
buffer configdred for channel A;

buffer_ configured for channel B;

channel devices, receive buffer configured for both channel A and channel B. In this case the

me.

slot

of

p

CHI

shall s

plect among the information provided by the channel specific FSP processes of the prot

pcol

engine. If the protocol engine provides only a single valid frame, that frame should be stored in the buffer,
regardless of which channel it was received on. If the protocol engine provides two valid frames (one from
each channel), and only one of the frames is a non-null frame, the non-null frame should be stored in the
buffer, regardless of which channel this non-null frame was received on. If the protocol engine provides
two valid frames and both are non-null frames52) the receive buffer shall store the frame that was
received on channel A153),

152) If both valid frames are null frames only the slot status from both channels is stored in the buffer.

153) The preference for channel A is entirely arbitrary, serving only to define a deterministic behaviour.
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Subclause 13.3.2.7 defines the requirements for resolving situations when more than one non-queued receive
buffer can serve as a candidate buffer for a given slot / cycle / channel combination. This process can result in
ambiguity in a case where one buffer is configured for channel A only (or channel B only, or channel A&B)
while another buffer is configured for both channel A and channel B for the same (or an overlapping) slot /
cycle combination. This specification makes no requirements on the buffer selection behaviour of an
implementation for such configurations — the behaviour in these circumstances is implementation
dependent154).

For frames received in the dynamic segment, the following channel configurations shall be supported:

— receive buffer configured for channel A;

— |receive buffer configured for channel B.

For leach receive buffer the CHI shall ensure that the host either

— |is provided with a consistent set of message data from the receive buffer, or

— |receives an indication that a consistent read of the message data is not possible.

For |leach receive buffer the CHI shall ensure that the information provided by the protocol engine fs written to
the porresponding receive buffer either

— |consistently, i.e. perform a consistent write of its data as if in,one indivisible operation, or

— |not at all. In this case the payload data valid flag shall be“set to false, so the host can assess fhat receive
buffer contents were lost.

In cpse the CHI allows that multiple buffers are coenfigured for the same slot the CHI has to seldct a unique
buffer in a deterministic way which is predictable-by the host (see 13.3.2.6.5).

If fgr the same slot both a receive bufferland a transmit buffer are configured, by following fhe process
desgribed in 13.3.2.6.5 the CHI will epsuré that the content of the active transmit buffer is proyided to the
protpcol engine. In such a case the transmission has priority over the reception.

Each receive buffer shall hold up-t6'a buffer specific bound of two-byte words.

Fornon-queued receive buffers this buffer specific bound may be set individually for each receive uffer within
a nqgde between 1 and gPayloadLengthMax.

13.3.2.9.3 Non-gueued receive buffer contents

Each receive‘buffer shall contain slot status data as well as frame contents data.

13.3.2.9:3:1 Slot status data

A message buffer configured for reception shall be able to store a snapshot of the following slot status
variables:

— a valid frame flag that shall be set if a syntactically and semantically correct frame was received in the
corresponding slot (vSS!ValidFrame set to true) and cleared if no valid frame was received
(vSS!'ValidFrame set to false);

154) The use of such a configuration is not recommended.
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— a syntax error flag that shall be set if a syntax error was observed in the corresponding slot
(vSS!SyntaxError set to true) or cleared if no syntax error was observed in the corresponding slot
(vSS!SyntaxError set to false);

— a content error flag that shall be set if a content error was observed in the corresponding slot
(vSS!ContentError set to true) or cleared if no content error was observed in the corresponding slot
(vSS!ContentError set to false);

— aslot boundary violation flag that shall be set if a slot boundary violation, i.e. channel active at the start or
at the end of the slot, was observed in the corresponding slot (vSS!BViolation set to true) or cleared if no
indary violation was observed in the corresponding slot (vSS!BViolation set to false);

slot bo

— a null frame indicator flag that shall be set according to the value of the vSSINFIndicator status-of| the

corresy
only hg

The slot stg
has been u

If a receive
listed statug
channel for

Table 9 list

ve a value of 1 if the slot contained a valid, non-null frame.

each set of status information.

onding slot. If no valid frame was received the flag vSS!NFIndicator will be set to 0. This flag will

tus updated indicator shall be set to true for the message buffer by the CHI when the slot status
pdated. The CHI shall provide a mechanism that allows the host to reset this)indicator.
buffer is configured for both channel A and channel B it has to be capable of storing the ahove
information separately for each channel, and it shall be possible ta. determine the correspongling

5 all possible combinations of ValidFrame, SyntaxError, ContentError and BViolation for the sjatic

and the dymamic segment along with a set of interpretations concerning the number of syntactically5%)|and

semanticall

156) valid frames received in a static or dynamic slot, respéectively.

155) A frame is syntactically valid if it fulfils the decoding rules defined in 7.3.5 including the check for a valid header CRC
and a valid frame CRC in accordance with the number of two-byte payload words as denoted in the header of the

frame.

156) A semantically valid frame is a syntactically valid frame that also fulfils a set of content related criteria.
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Valid Syntax Content BViolation Nothing One or more At least one Additional
Frame Error Error was syntactically semantically activity and a
received valid frames valid frame semantically
(silence) were was valid frame
received received was received
false false false false Yes No No -
false true false false No No No -
false false true false No Yes No -
false true true false No Yes No -
false false false true No No No -
false true false true No No No -
false false true true No Yes NoO -
false true true true No Yes No -
rue false false false No Yes Yes No
rue true false false No Yes Yes Yes?@
rue false true false No Yes Yes Yes
rue true true false No Yes Yes Yes
rue false false true No Yes Yes Yes
rue true false true No Yes Yes Yes
rue false true true No Yes Yes Yes
rue true true true No Yes Yes Yes
@ | The syntax error indication may be caused by additienal activity, but it could also be caused by a decoding error in the second bit
of fhe FES of a frame otherwise free of decoding efrors. In the latter case, there may or may not be additional activity.

13.3

A n
vari

equ
the

.2.9.3.2 Frame contentstdata

essage buffer configured-for reception shall be able to store a snapshot of the following fran
hbles at the end of the-communication slot if a valid frame was received in the slot (vSS!Vg
bl to true) and the-frame contained valid payload data (vVRF!Header!NFIndicator is equal to o
buffer was the active message buffer:

the reserved bit vRF'Header!Reserved;

theArame ID vRF!Header!FramelD;

ne contents
lidFrame is

ne)157) and

fd A}

thecyctecountervRFHeaderCycteCount:
the length field vRF!'Header!Length;
the header CRC vRF!Header!HeaderCRC;

the payload preamble indicator vRF!Header!PPIndicator;

157) The reception of a null frame should not cause a snapshot of the frame contents data to be stored in the buffer.
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a flag that indicates that the buffer has been updated at some point during operation. This flag should be

set to zero at buffer configuration, and be set to one when the buffer is updated as a result of the
reception of a valid, non-null frame. Note that this behaviour could be achieved by simply copying the
vRF!Header!NFIndicator flag whenever the VRF structure is passed to the CHI from the protocol engine;

does n

BufferL
the buf]

if a rec

VRF!Channel allowing the determination of the source of the frame contents data stored«in the buffer.

An exceptid
TT-E coldst
the start of
entire set d
configured
ISO 17458.
node's tran
but not requ

13.3.2.10 N

For a given
slot159),

In case that
the relevan
13.3.2.8.4 4

The active message buffer is available for the status update when

the act

AND

the hoq
messal

the sync frame indicator vRF!Header!SyFIndicator;

the startup frame indicator vRF!Header!SuFIndicator;

nt exceed the buffer length Bufferl ength of the receive message buffer:

vRF!Header!Length number of two-byte payload data words from vRF!Payload, if vRF!Header!Length

ength number of two-byte payload data words from vRF!Payload, if vRF!Header!Length~excs
er length BufferLength of the receive message buffer158);

pive buffer is configured for both channel A and channel B it shall also store the/channel indig

n to the normally required behaviour exists during the first slot of the firstycycle of operation
art node. Due to the short time between availability of information on the current cycle count
he first cycle of operation it may not be possible for an implementation to complete a search of
f buffers during the first slot. As a result, it may be possible that-even though a buffer may
hat an implementation may not be aware of this in time tojehave as described in this pal
As a result, a specific exception is made for the first slot 6f'the first cycle after a TT-E cold
ition from the POC:external startup state to the POC:normal active state - such a node is alloy
ired, to update the frame contents data for a receive buffer for this slot.

on-queued message buffer status update

channel the protocol engine makes the slotistatus vSS available to the CHI at the end of €

there is an active message buffer available for the given channel the CHI shall copy a snapsh
t vSS status information into the-status data of the active message buffer (see subclau
nd 13.3.2.9.3.1).

ve message buffer<has been identified at the start of the slot

t did notireconfigure the active message buffer between the time of the identification of the ag
je buffer and the point in time the status update should occur

AND

eds

ator

of a
and
the

be
't of
start
ved,

ach

bt of
ses

tive

the acti

ve message buffer is not locked at the time the status update should occur (see 13.3.2.6.5)

AND in case of an active transmit message buffer

provided to the protocol engine and the point in time at which the status update should occur.

158) The host can assess such a truncation through the data element vRF!Header!Length.
159) During the startup phase no buffer update will take place.
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there has been no write access by the host to the message buffer between the time the payload is
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If an active message buffer is configured for both channels, only the portion of the status relevant for the
channel(s) for which the active message buffer has been identified will be updated1€0).

In case there is no active message buffer available for the given channel at the time of the slot status update
no non-queued message buffer will be updated with status information.

An exception to the normally required behaviour exists during the first slot of the first cycle of operation of a
TT-E coldstart node. Due to the short time between availability of information on the current cycle count and
the start of the first cycle of operation it may not be possible for an implementation to complete a search of the
entire set of buffers during the first slot. As a result, it may be possible that even though a buffer may be
configured that an implementation may not be aware of this in time to behave as described in this part of

ISO
nod
but

13.3

13.3

Qud
stor]
the

mul
that
add

The|
rem
beh

Wh¢
stor
that

13.3

13.3

AF
rece
adni

Unli
if N@

17458. As a result, a specific exception is made for the first slot of the first cycle after a AT]
b's transition from the POC:external startup state to the POC:normal active state - such a.nedg
not required, to update the frame contents data for a receive buffer for this slot.

.2.11 General concept

.2.11.1 The concept of queued receive buffers
ued receive buffers, also referred to as FIFO buffers, are a class of-feceive buffer that are
ng status information and payload data for more than one frame. Information is placed into t
CHI and is removed from the FIFO by the host. The FIFO represents a queue, i.e., itis p
iple messages go into the FIFO before any of the messages{are removed by the host, and it
tional messages have been placed into the FIFO.

FlexRay FIFO preserves the order of the messages’ which are placed into the FIFO - mg
pved from the FIFO in the same order they are\placed into the FIFO (i.e., it has a "First |
Aviour). Refer to 13.3.2.11.4 for additional details:
en the host removes a message from the.EIFO the removal frees up FIFO resources that can

the FIFO does not fill up, all messages-that should go into the FIFO are made available to the
.2.11.2 Basic FIFO behaviour

.2.11.2.1 Design of a FIFO buffer

FO buffer consists of’a number of entries, each of which is capable of storing information re
ption of a frame,-Status variables and frame contents data are only stored in a FIFO buffg

ke non-queued receive buffers, FIFO buffers have no requirement to store slot status informati
validiframe was received.

ittance criteria’are passed (see 13.3.2.11.3) and the FIFO buffer is selected (see 13.3.2.11.2.2).

-E coldstart
is allowed,

capable of
he FIFO by
pssible that
is possible

the host reads multiple messages that have already been previously placed in the FIFO even though no

ssages are
h First Out"

be used to

b additional messages in the FIFO. As.long as the host removes the entries from the FIFO often enough

host161),

lated to the
r when the

bn for a slot

160) Under certain configurations this could result in only one of the two sets of channel-specific status information being

updated. This could happen, for example, if the configuration allows a buffer configured for both ch
selected as the active buffer on one channel and not the active buffer on the other channel. Since ther

annels to be
e is only one

slot status updated flag for a buffer, the host would not be able to determine that such a "half update" took place. As

a result, configurations in which this could occur should be avoided.

161) If the host does not remove the messages from the FIFO often enough eventually the FIFO will reach its limits and

an overrun will occur. The behaviour of the FIFO in this case is implementation dependent.
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A FIFO buffer shall be able to store a snapshot of the following slot status variables when a frame is admitted
into the FIFO:

— a syntax error flag that shall be set if a syntax error was observed in the corresponding
(vSS!SyntaxError set to true) or cleared if no syntax error was observed in the corresponding
(vSS!SyntaxError set to false);

— a content error flag that shall be set if a content error was observed in the corresponding
(vSS!ContentError set to true) or cleared if no content error was observed in the corresponding
(vSS!ContentError set to false);

— aslot tioundary violation flag that shall be set if a slot boundary violation, i.e. channel active at the stal

at the
slot bo

— anullf

corresy
only ha

admitted int

onding slot. If no valid frame was received the flag vSS!NFIndicator will be set,ie’ 0. This flag
\ve a value of 1 if the slot contained a valid, non-null frame.

A FIFO buffer shall be able to store a snapshot of the following frame contentsCvariables when a fram
o the FIFO:
brved bit VRF!Header!Reserved,;

— theres
— the fran
— the cyg
— thelen
— the hes
— the pay
— The sy

— the sta

— VRF!Hgader!Length numbet_of two-byte payload data words from vRF!Payload, if vRF!Header!Le

does n

— a num
VRF!Hg

— ifa FIR

nd of the slot, was observed in the corresponding slot (vSS!BViolation set to true) or cleared
indary violation was observed in the corresponding slot (vSS!BViolation set to false);

rame indicator flag that shall be set according to the value of the vSSINFIndicator status of

he ID vRF!Header!FramelD;

le counter vRF!Header!CycleCount;

jth field vRF!Header!Length;

der CRC vRF!Header!HeaderCRC,;

load preamble indicator vRF!HeaderPPIndicator;
nc frame indicator vRF!Header'SyFIndicator;

tup frame indicator vRF!'Header!SuFIndicator;

bt exceed the widthyof the selected FIFO buffer (see 13.3.2.11.4);

ber of two‘byte words equal to the width of the selected FIFO buffer from vRF!Payloa
bader!Length exceeds the width of the selected FIFO buffer;

O.may be configured to admit frames from both channel A and channel B it shall be capabl

slot
slot

slot
slot

It or
f no

the
will

e is

e of

storing

the/channel indicator vRF!Channel allowing the determination of the source of the frame cont

ENts

data stored in a FIFO entry.

Unlike non-queued receive buffers, FIFO buffers have no requirement to store slot status information for a slot

if no valid fr
For each FI

— is provi

ame was received.
FO buffer entry the CHI shall ensure that the host either

ded with a consistent set of message data from the receive buffer, or

— receives an indication that a consistent read of the message data is not possible.
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For each FIFO buffer entry the CHI shall ensure that the data provided by the protocol engine is written to the
corresponding FIFO buffer either

consistently, i.e. perform a consistent write of its data in one indivisible operation, or

not at all. In this case a flag shall be provided through which the host can assess that receive buffer

contents were lost.

13.3.2.11.2.2 Admittance into a FIFO

A FH=O-butter-has—a-set-ofadmittance-eriteria—{that-determines-when-the-CHiputsframe-status4qnd payload
datg from the protocol engine into the FIFO). When a frame matches all of the admittance-griteria (see
13.3.2.11.3) it is placed into the FIFO.

A frame is only considered for admittance into a FIFO if no match for the frame is found,within thg configured

nontqueued receive buffers (i.e., the FIFO's have lower priority than the non-queued«eceive bufferls described
in 18.3.2.9.2).

If the CHI supports multiple FIFO's and if the admittance criteria for the FIFOjs are configurable |such that a
single frame can meet the admittance criteria of more than one FIFO the CHShall select a unique [FIFO buffer
in ajdeterministic, implementation dependent manner.

The|host shall have read access to admittance criteria independent ef the protocol state.

The|host shall have write access to the admittance criteria in the POC:config state.

Enapling and disabling the write access to the admijttance criteria during POC:normal active state and
POC:normal passive state shall only be possible in the POC:config state.

Hosgt write access to the admittance criteria shall\be possible in POC:normal active state and in POC:normal
passive state, if this was explicitly enabled during POC:config state.

When the host is changing the set of admittance criteria in the POC:normal active state or in the POC:normal
passive state, the CHI shall prevent\that an inconsistent set of admittance criteria (i.e., the changes are
incdmplete) is applied.

After changing the admittange eriteria in the POC:normal active state or POC:normal passive stgte, the CHI
shall continue to provide hostaccess to the existing entries in the FIFO. New entries shall be plaged into the

FIF

An
TT-
the
enti
que
this

D according to the new-admittance criteria.

bxception to the normally required behaviour exists during the first slot of the first cycle of op
E coldstart node. Due to the short time between availability of information on the current cyclg
start of thexfirst cycle of operation it may not be possible for an implementation to complete a s
e set ef-non-queued buffers during the first slot. As a result, it may be possible that even thg

part of ISO 17458. Further, it may not be possible for an implementation that implements the

the

eration of a
e count and
parch of the
ugh a non-

Lied buffer is configured that an implementation may not be aware of this in time to behave as gescribed in

majority of

ss a frame

CIEO admittanca-chacke nrior tao-tha ctart of o clat +0 camnlata all chaclec 1n tima ta nracd
™t coHtace—6 KS—PHOT—tO—tHE—Stat— O —a—STtEt—to— o rHprete—ar— e eKkS—H—ame—o Oct

received in the first slot of operation. As a result, a specific exception is made for the first slot of the first cycle
after a TT-E coldstart node's transition from the POC:external startup state to the POC:normal active state -
such a node is allowed, but not required, to consider a received frame for admittance into a FIFO buffer. If an
implementation does consider a frame for admission it shall meet all of the requirements described in this
subclause, specifically, that there be no match for the frame within the configured non-queued receive
buffers 162),

162) As a result, an implementation that is not able to search all non-queued buffers is not allowed to consider
the frame for admittance into a FIFO buffer.
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13.3.2.11.2.3 Reading and removal from a FIFO

The CHI shall provide a method to allow the host to read the slot status data and frame contents data stored
in the first (oldest) FIFO entry. In addition, the CHI shall provide a mechanism to allow the host to remove the
first entry from the FIFO without requiring the host to read the entire FIFO entry.

It shall be possible for the host to read any portion of the slot status data and / or the frame contents data of
the first entry in the FIFO and then make a decision as to whether or not to read the remaining data in the
FIFO entry and still have access to the remaining data, i.e., it is not acceptable for a read of any portion of the
data alone to cause data to be lost163),

It shall be gossible for the host to read information out of the FIFO (and remove messages from the FIFEQ) at
that same time that other frames are being placed into the FIFO.

Upon a transition from either the POC:normal active or POC:normal passive state to either the) POC:hajt or
POC:ready|state the CHI shall continue to provide host access to the FIFO buffer entries that/it would Have
provided hgd the POC remained in the POC:normal active or POC:normal passive states.
The behavipur of the CHI upon attempted host access to queued buffer status or payload data that has n¢ver

been updated is implementation dependent. It is required, however, that the aceess’to such data does| not
give the appearance that data was received when such a reception did not actually.take place.

13.3.2.11.3|FIFO admittance criteria

13.3.2.11.3]1 Overview
An implemgntation shall be capable of determining which framies will be placed into a FIFO structure. [The
decision as| to whether or not a frame is placed into a FIFQ buffer is based on a series of five admittgnce
criteria:
— FIFO ffame validity admittance criteria;

— FIFO channel admittance criteria;

— FIFO frfame identifier admittance criteria;

— FIFO cycle counter admittance criteria;

— FIFO njessage identifier admittance criteria.
Each receiyed frame for«hich there is no active non-queued buffer is a candidate for admission into a HIFO

received buffer164). Each-candidate frame is checked against the FIFO admittance criteria to determine|if is
placed into p FIFO _receive buffer.

A frame shtll pass all five of the admittance criteria in order to be placed into a FIFO buffer - if one or mote of
the admittance-criteria fail the frame will not be placed into a FIFO buffer.

An implementation shall support the admittance criteria (and configuration of the admittance criteria) as
described in the following subclauses.

163) In this context being "lost" is different from being removed from the FIFO - depending on the implementation, it may
be possible to remove an entry from the FIFO without the data being lost.

164) An interesting situation can arise if a non-queued buffer is configured to receive a frame on both channels, and valid
frames actually occur on both channels. In this case, even though the payload information for only one of the frames
can be stored in the receive buffer (see 13.3.2.9.2), both frames actually have an active non-queued buffer (for
example, the active buffer will store slot status information affected by the frames on both channels). As a result,
neither frame would be a candidate for admission into a FIFO receive buffer.
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13.3.2.11.3.2 FIFO frame validity admittance criteria

An implementation shall be capable of admitting or not admitting a frame into the FIFO based on the validity of
the frame. In addition, an implementation shall be capable of being configured to admit or not admit valid null
frames into the FIFO. Specifically, the frame validity admittance criteria shall have a single Boolean
configuration, AdmitNullFrame.

The frame validity admittance criteria shall have the following behaviour.

— If AdmitNullFrame = false,
then all valid non-null frames (i.e., frames that cause an FSP process to generate an 'update vVRF on A in
CHI' or 'update VRF on B in CHI' - refer to Figure 118) shall be considered to pass the FIFO-frame validity
admittance criteria. All other frames (or other activity) shall be considered to fail the\fragme validity
admittance criteria.

— | If AdmitNullFrame = true,
then all valid frames (vSS!ValidFrame is equal to true) shall be considered to pass the FIFO frame validity

admittance criterial®9). All other frames (or other activity) shall be considéred to fail the frame validity
admittance criteria.

13.3.2.11.3.3 FIFO channel admittance criteria

An implementation shall be capable of being configured to admit grnot admit a frame into the FIFD based on
the channel on which the frame was received. Specifically, an ifaplémentation shall be capable of| configuring
the FIFO channel admittance criteria such that a frame shall be considered to pass these admittang¢e criteria

— |only if the frame was received on Channel A, or
— |only if the frame was received on Channel B, aor

— |regardless of whether the frame was recejved on Channel A or Channel B166),

If the FIFO channel admittance criteriaxis configured for the last option (i.e., to admit frames rggardless of
chapnel), and for a given slot frames are received on both channel A and channel B, and both frames pass all
of the other admittance criteria, theh.both frames shall be accepted into a FIFO structure167),

13.3.2.11.3.4 FIFO frame identifier admittance criteria

An implementation shall be capable of being configured to admit or not admit a frame into the FIFD based on
the |[Frame 1D168) of<the received frame. Specifically, the FIFO frame identifier admittance critefia shall be
considered to bedpassed only if the received frame identifier belongs to a configurable set of frame identifiers
refefred to as-the"FIFO frame identifier set. If the received frame identifier is not a member of the [FIFO frame
identifier set\the FIFO frame identifier admittance criteria shall be considered to be failed.

165) These criteria include all frames that would be admitted when AdmitNullFrame = false, but also include valid null
frames.

166) It is required that dual channel implementations be able to be configured to support the reception of frames on either
channel A or channel B into some FIFO structure, but if more than one FIFO structure is available, then it is not
necessary that frames from channel A and channel B be received into the same FIFO structure. See 13.3.2.11.4 for
further information.

167) The required behaviour of the FIFO differs from the optional behaviour of receive buffers in the static segment
defined in 13.3.2.9.2. If the admittance criteria is set for both channel A and channel B, then both frames, rather than
just the first valid non-null frame, shall be entered into a FIFO structure.

168) This admittance criterion is actually based on the current value of the slot counter at the time the frame is received
rather than on the Frame ID received in the frame. Since the frame validity admittance criteria will only admit valid
frames into the FIFO, the only frames that could be admitted in the FIFO are those whose received frame identifier
matches the current slot counter. The term frame identifier is used in this subclause for clarity only - strictly speaking,
the implementation would be based on the slot counter at the time of frame reception.
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At a minimum, the FIFO frame identifier set shall be capable of being configured to any set that could be
configured with the following abstract definition169).

Define four parameters, Rangelmin, Rangelmax, Range2min, and Range2max, each configurable in the range
of {0 ... cSlotiIDMax}. The FIFO frame identifier set is the set of all frame identifiers Frame ID in the range

{1

or

... cSlotIDMax} such that

Rangel, <= Frame ID <= Rangelax

Range

NOTE )
Rangelmin d
segment. Th
or maximum

13.3.2.11.3

An implemsg
the cycle ¢
criteria shal
to a configy
when the f
value admi

At a minim
configured

Define two

Cycle_|

Cycle_|

Cycle_|

The FIFO ¢
such that v(

13.3.2.11.3

An implemsg
the value of

D
Fmi

n <= Frame ID <= Range2ax

he individual ranges identified above can cross the boundary between the static and dynamic segment,
ould be an identifier within the static segment and Rangelmax could be an identifier within the dyn

value of the range configuration.

5 FIFO cycle counter admittance criteria

ntation shall be capable of being configured to admit or not admit ac<frame into the FIFO base
bunter value at the time the frame is received. Specifically, the FIFO cycle counter admittg
be considered to be passed only if the cycle counter value when the frame was received belg
rable set of cycle counter values referred to as the FIFO gycle counter set. If the cycle cou
me was received is not a member of the FIFO cycle counter value set the FIFO cycle cou
ance criteria shall be considered to be failed.

um, the FIFO cycle counter set shall be capable<af being configured to any set that coulg
vith the following abstract definition170),

barameters, Cycle_Repetition and Cycle_Offset, with:

Repetition selected from the set of {1,2;'4, 5, 8, 10, 16, 20, 32, 40, 50, 64};
Dffset selected from the set {0 .. 63};

Dffset < Cycle_Repetition;,

ycle counter value set.is'the set of all cycle counter values Cycle_Counter in the range of {0 .
CycleCounter mod-CycCle_Repetition = Cycle_Offset

6 Messaggidentifier admittance criteria

ntatiorrshall be capable of being configured to admit or not admit a frame into the FIFO base
the{optional Message ID that can be present in frames received in the dynamic segment.

i.e.,
Amic

b FIFO frame identifier definition above applies even if Frame ID lies in a different segmentdhan the minipum

l on
nce
ngs
nter
nter

be

63}

1 on

Message id

ntrier admittance criteria snall nave the 10llowing chalacteristics.

169) An implementation does not need to explicitly support the parameters in the abstract definition, but needs to be able

to gene

rate all of the FIFO frame identifier sets that could be generated by the abstract definition.

170) An implementation does not need to explicitly support the parameters in the abstract definition, but needs to be able

to gene

262

rate all of the FIFO cycle counter sets that could be generated by the abstract definition.
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The message identifier admittance criteria shall have three configurable parameters171):

— MsgIDMask, an integer in the range of {0 ... 65 535}, which determines the bitwise AND mask value for
the admittance criteria;

— MsgIDMatch, an integer in the range of {0 ... 65 535}, which determines the bitwise comparison value for
the admittance criteria;

— AdmitWithoutMessagelD, a Boolean configuration which determines whether or not frames received in
the dynamic segment that don't contain a message ID will be admitted into the FIFO.

The|message identifier admittance criteria shall have the following behaviour:

— |If the frame was received in the static segment the frame is considered to have passed tHe message
identifier admittance criteria, or

— |If the frame was received in the dynamic segment and does not contain a smessage identifler (i.e., the
payload preamble indicator of the frame is set to zero), the behaviour depends on the
AdmitWithoutMessagelD configuration of the FIFO.

— If AdmitWithoutMessagelD = false the frame is considered to_fail the message identifieradmittance
criteria.

— If AdmitWithoutMessagelD = true the frame is considered to pass the message identifier|admittance
criteria.

or
— |If the frame was received in the dynamic.segment and does contain a message identifier (i.e., the
payload preamble indicator of the frame is\Set to one), the admittance depends on the value of the
message identifier, MessagelD, and the<kIFO configurations MsgIiDMask and MsglDMatch. Bpecifically,
the frame is considered to pass the message identifier admittance criteria if
( MessageID & MsgIDMask )“= MsgIDMatch

otherwise the frame is ¢onsidered to fail the message identifier admittance criteria. Here the|"&" symbol
represents a bitwise AND of the binary representation of the values of MessagelD and MsglDMask172).

13.3.2.11.4 FIFO performance requirements

An implementatior shall provide at least one FIFO receive buffer structure.

rempved, from the FIFO by the host, the FIFO shall be capable of storing at least eight framgs from the

A F'EO receive buffer structure shall have a depth of at least eight entries (i.e., in the absence of eptries being
pro

col engine without any loss or overwrite of frame contents data or slot status data).

Each entry in a FIFO receive structure also has a "width", i.e., each entry in a FIFO shall be capable of storing
a number of bytes of frame payload data greater than or equal to the implementation's capability to store
payload data for non-queued receive buffers. If a valid message is received whose payload is longer than the

171) Unlike other FIFO admittance criteria, an implementation shall explicitly support the specified parameters of the
message ID admittance criteria, i.e., it is not acceptable to support other means of configuring these admittance
criteria.

172) For example, if MsgIDMask = 3 855 (0xOFOF) and MsgIDMatch = 1 537 (0x0601), then a frame with a MessagelD of
38 641 (0x96F1) would pass the admittance criteria, but a frame with MessagelD 1 538 (0x0602) would fail the
criteria. Note that a configuration with MsgIDMask = 0 and MsgIDMatch = 0 would pass this criteria for any frame
regardless of message identifier.
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configured width of a FIFO entry, or is longer than the implementation's maximum width for FIFO's, the
implementation shall store the message's first payload bytes up to the configured or maximum length in the
FIFO entry.

At a minimum an implementation shall provide the capability to store at least eight entries with the width
defined above (i.e., the depth and width requirements shall be met simultaneously).

An implementation that supports two channels shall be capable of receiving frames from each channel into
some FIFO structure173),

The requirements on buffer depth and width, FIFO admittance criteria, etc. are channel independent (i.e., the
FIFO's of af implementation need to be able to support the indicated number of frames entirely on channgl A,
entirely on ¢ghannel B, or any mixture of channel A and B174),

NOTE there is no requirement that an implementation needs to support the indicated number of messages on |poth
channel A ahd Channel B at the same time, or that the FIFO admittance criteria are able to be indepéndently sdt for
Channel A apd Channel B.

A dual chapnel implementation shall be able to support simultaneous reception on.channel A and B (i.¢., if
frames apgear on both channels at the same time, or with arbitrary overlap, and/both frames meet|the
admittance [criteria for the FIFO, then both shall be entered into some FIFO receive buffer structure).

An implemg@ntation shall place frames into a FIFO in the order that they wete received (i.e., a frame that was
received e]:rlier would be removed from a FIFO before a frame that\was received later). There i no

requirement for an implementation to maintain the relative order of framés received into different FIFO's, Hut it
is required fhat a FIFO preserve the relative order of all messages received into the same FIFO.

13.3.2.11.5|FIFO status information
The following information on the status of a FIFO receivepuifer structure shall be provided in the CHI.
— The number of occupied entries currently in the FIFO

— An ovdrrun indicator is set if a FIFO overrun condition has occurred. An overrun occurs when a frame
matchgs all of the FIFO admittance ctiteria but the FIFO is not capable of increasing the total number of
entries|in the FIFO. The overrun-indicator shall remain set until explicitly cleared by the host. [The
behavipur of the FIFO upon the-oeeurrence of an overflow condition, and in recovery from an overflow
conditipn, is implementation dependent.

— Information that allows the host to determine how much of the FIFO remains available to actept
additiopal information{ The form of this information depends on the structure of the FIFO angd is
implemfentation depéadent175).

In addition fo the prévious status information, an implementation shall provide the ability to notify the host via
an interrupt{request when the available resources of the FIFO have fallen below a configurable level.

Th t £l £1 kbilit H &l ol + o + % £l ClEo,
e na ur Ul uirc \JUIIIIHUIGUIIILy 1o \.IC'JCIIUCIIL UT1 uic  ouutwurc Ul 1 LILLIA 4

dependent176),

Aal Id ;3 ;III'J:CIIICIIt tion

173) The intention is to allow implementations that dedicate separate FIFO's for each channel as well as implementations
that support a single FIFO that can receive messages from either channel.

174) For example, a dual channel implementation shall be able support the reception of eight frames from channel A
alone, or eight frames from channel B alone, seven from channel A and one from channel B, six from channel A and
two from channel B, or any combination that adds up to eight frames total.

175) For fixed size FIFO's with a fixed number of entries the number of messages currently in the FIFO would meet this
requirement. For FIFO's with variable size structures some other implementation dependent mechanism to determine
the amount of the FIFO resources available shall be provided.

176) For example, a FIFO that offers a fixed number of fixed size entries might be configurable based on the number of
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13.3.3 CHI Services

13.3.3.1 Macrotick timer service

The

CHI shall provide at least two absolute timers capable of notifying the host at expiration.

2:2013(E)

Each of the required timers shall, at a minimum, be capable of being configured with the following expiration
criteria.

To expire at an absolute time in terms of cycle count and macrotick, i.e. the timer would

expire at a

Ina
of o

It sh
ort
PO(
acti
time
aga

13.3

The
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At &

confiaurable macrotick in a caonfiaurable communication cvecle —and
) ) 4 y

To expire at a configurable macrotick only (i.e., the timer would expire at a configurabl
independent of cycle count)

ddition, each of the required timers shall, at a minimum, be capable of supporting.the following
Deration.

A non-repetitive mode of operation where the timer will expire once the configured expird
occurs and will not expire again until restarted or reconfigured by the hiest, and

A repetitive mode of operation where the timer will expire every time the configured expirg
occurs (i.e., the timer can expire multiple times without further(interaction from the host).

all be possible to configure and activate a timer when the<protocol is in either the POC:normal
e POC:normal passive statel77). All absolute timers_shall be deactivated when the protoco
C:normal active state or the POC:normal passive state apart from transitions between the R
e state and the POC:normal passive state. It shall also be possible for the host to deactivate
r in any state that allows the timer to be activated. Once deactivated, a timer shall be explicit
n by the host before it can expire again.

.3.2 Interrupt service

interrupt service provides a set.of configurable interrupt requests to the host based on a set
ces reflecting events that oceurin the protocol engine or the CHI.

minimum, an implementation shall provide the following interrupt sources.

Each timer (as described in 13.3.3.1) provided by an implementation shall be able to act as
source with the-event being the expiration of the timer.

The FlexRay-cycle shall act as an interrupt source with the event being the start of a FlexRayf
requirement is in addition to the previous timer requirement (i.e., it is not acceptable td
requirement through the use of a timer as specified in 13.3.3.1).

State transitions of the Protocol Operation Control process shall act as an interrupt source

e macrotick

two modes

tion criteria

tion criteria

active state
leaves the
POC:normal
An absolute
ly activated

of interrupt

an interrupt

cycle. This
meet this

This source

shall only signal an event whenever the POC transitions to the POC:halt, POC:ready, POC:normal active

or POC:normal passive states for any reason other than the processing of an IMMEDIATE _

FREEZE command.

READY or

Each FIFO structure shall act as an interrupt source with the event being a frame reception that causes

the available resources of the FIFO structure fall below a configurable level (refer to 13.3.2.11.

5).

entries in the FIFO. A FIFO based on variable size entries might be configurable based on the fraction of the storage

space remaining in the FIFO.

177) It is allowed, but not required, for an implementation to support configuration/activation of an absolute timer in states

other than POC:normal active and POC:normal passive.
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An implementation shall provide a mechanism that allows the events of interrupt sources to generate interrupt
requests (i.e., maps interrupt source events to interrupt requests). In general, a single interrupt request is
allowed to support more than one interrupt source, however at least one of the mandated absolute timers (see
13.3.3.1) shall provide a dedicated interrupt request that is not shared with any other interrupt source.

It shall be possible for the host to enable and disable the generation of interrupt requests for interrupt sources.
When interrupt request generation is enabled for an interrupt source the event defined for the interrupt source
shall cause the generation of a corresponding interrupt request. When interrupt request generation is disabled
for an interrupt source the event defined for the interrupt source shall not cause the generation of a
corresponding interrupt request.

first
d or
b all
atus
will
hall

An implemgntation shall provide control of interrupt request generation with at least two levels. At the
level, it shall be possible for the host to individually control whether interrupt request generation is enable
disabled fof each interrupt source. At the second level, it shall be possible for the host to globally-disabl
interrupt request generation regardless of the individual interrupt request generation enabled / disabled st
of each intgrrupt source. Specifically, if interrupt request generation is globally disabled no interrupt source
generate inferrupt requests; if interrupt request generation is not globally disabled each intefrupt source 9
generate inferrupt requests according to its individual interrupt request generation status:

ptus
set

An impleméntation shall provide an interrupt status indication for each interrupt seurce. The interrupt st
indication fgr an interrupt source shall be set when the interrupt source's event aceurs178) and shall remair]

until reset

13.3.3.3 N

The messal
may be ex

der control of the host.

essage ID filtering service

pe 1D filtering service provides means for selecting receive buffers based on a message 1D
Changed in the first two bytes of the payload segmént of selected frames within the dyng

segment that have the payload preamble indicator set to one in\the header of the frame.

To support
preamble in
a message

Message L
13.3.2.11.3

13.3.34 N

The networ
This servig

this service the message buffer configurationndata shall allow the host to configure the payl
dicator for each transmit buffer so that the-host can configure whether the message data cont
ID or not (refer to 13.3.2.6.2).

D filtering is required for at least one FIFO receive buffer structure as described in subclay
6 and 13.3.2.11.4.

etwork management service

management service,provides means for exchanging and processing network management d
e supports highclevel host-based network management protocols that provide cluster-

coordinatiof of shutdown.decisions based on the actual application state. The network management ser

may also be

Network m
manageme
preamble ir

used by applications to implement other functionality.

pnagement is performed by exchanging a network management vector in selected nety
nt enabled frames within the static segment of the communication cycle that have the payl
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management vector.

ork

Throughout each communication cycle the CHI shall maintain an accrued network management vector by
applying a bit-wise OR between the current accrued network management vector and each179) network

178) The interrupt status indication of an interrupt source is set whenever the corresponding event occurs irrespective of
whether interrupt request generation is individually enabled for the interrupt source or whether interrupt request
generation is globally disabled.

179) Only valid frames reported to the CHI (via the VRF structures of the channel-specific FSP processes) are considered.
If more than one frame occurs in a slot on a given channel only the first valid frame (i.e., the one reported in VRF) is
considered.
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management vector received in a valid frame on each channel (regardless of whether or not any receive
buffer is configured to explicitly receive the valid frame)180),

— If pNMVectorEarlyUpdate is set to false, the protocol status data shall contain a snapshot of the accrued
network management vector that shall be updated no sooner than the end of the cycle and no later than
the availability of the NIT status information or the availability of the payload data from the last static slot,
whichever occurs later. The snapshot shall contain the value of the accrued network management vector
at the end of the cycle, and shall include the effects of any reception that may have occurred in the last
static slot.

PIN IV d RAAlE el 10 1€ J > > > AL
network management vector that shall be updated no sooner than the end of the static segment and no
later than the availability of the payload data from the last static slot. The snapshot shall contain the value
of the accrued network management vector at the end of the static segment (i.e., shallinclude the effects
of any reception that may have occurred in the last static slot).

— |These updates take place as long as the protocol is in either the POC:nermal active gtate or the
POC:normal passive state.

— |The accrued network management vector is set to zero at the beginning of each conpmunication
cycle181),

— |Following the completion of startup, the NM vector snapshat shall be set to all zeros priof to the first
update of the NM vector snapshot (when this occurs/depends on the configuration| parameter
pNMVectorEarlyUpdate).

In afldition to the capabilities provided above, it is also pessible for implementers to provide additional types of
Netyork Management Services, for example, providing direct (non-OR'd) access to the NM Vector [data.

180) In this context, a frame is only considered valid if vSS!ValidFrame status is set to true when the protocol engine
exports the slot status vSS to the CHI at the end of a slot or segment. For example, frames that are received in a slot
which is also used for transmission shall not be accrued into the network management vector since such frames will
have vSS!ValidFrame set to false when the slot status is exported to the CHI.

181) Even though in some circumstances the snapshot of the NM vector might be presented to the CHI after the end of
the cycle, it shall represent the status of the accrued NM vector from the previous cycle. As a result, the snapshot
shall be taken before the vector is set to zero at the beginning of the subsequent cycle.
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Annex A
(normative)

System parameters

A.1 Protocol constants

Table A.1 defines the Protocol constants.
Table A.1 — Protocol constants
Name Description Value

cChannelldigDelimiter Duration of the channel idle delimiter. 11 gdBjt

cClockDevigtionMax Maximum clock frequency deviation, equivalent to 1500 ppmA1500 ppm = 0,0015
1500 / 1000000 = 0,0015).

cCrclnit[A] Initialisation vector for the calculation of the frame/,CRC on channel A| OXFEDCBA
(hexadecimal).

cCrclnit[B] Initialisation vector for the calculation of theNrame CRC on channel B| OxABCDEF
(hexadecimal).

cCrcPolynomial Frame CRC polynomial (hexadecimal). 0x5D6DEB

cCrcSize Size of the frame CRC calculation register. 24 hitg

cCycleCountMax Maximum cycle counter value in‘any cluster. 63

cdBSS Duration of the Byte Start Sequence. 2 gdBi

CcdCAS Duration of the logical:low portion of the collision avoidance symbol (CAS) 30 gdBft
and media access test symbol (MTS).

cdCASActiohPointOffset Initialisation value, of the CAS action point offset timer. 1MT

cdCASRxLgwMin Lower limjt-of the CAS acceptance window. 29 gdBft

cdCycleMax Maximum cycle length. 16 000 s

cdCycleStantTimeout Maximum allowed jitter between the 'external cycle start' from the time 5uT
gateway source and the internal ‘cycle start' of the time gateway sink.

cdFES Duration of the Frame End Sequence. 2 gdBi

cdFSS Duration of the Frame Start Sequence. 1 gdBi

cdinternalRxDelayMax Maximum value of the implementation specific delay on the receive path of | 4 samples 2
the decoder.

cdinternalRxDelayMin Minimum value of the implementation specific delay on the receive path of| 1 sample 2

the decoder.

@ This value is based on the experience of the semiconductor manufacturers.
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Table A.1 — (continued)

Name Description Value
cdMaxMTNom P Maximum duration of a nominal macrotick. An implementation shall be 6 us
able to support nominal macrotick durations between cdMinMTNom and
cdMaxMTNom.
cdMinMTNom ¢ Minimum duration of a nominal macrotick. An implementation shall be able 1pus
to support nominal macrotick durations between cdMinMTNom and
cdMaxMTNom.
cdStaggerDelay Delay used to stagger the deactivation of the TxD and TxEN outputs 1 gdBit
during CAS / MTS and WUP transmission to eliminate the possibility of
brief glitthes. The TxD output will remain LOW for cdStaggerDelay
following the deactivation of TXEN.
cdT|SrcCycleOffset The delay between the cycle starts of the time gateway source and time 40 uT
gateway sink for a cluster operating in TT-E external sync mode.
cdWakeupMaxCollision Number of continuous bit times at LOW during the idle phase of a WUS 5 gdBit
that will cause a sending node to detect a wakeup collision:
cdWakeupTxActive Duration of the LOW phase of a transmitted wakeup.symbol and the active 6 us
(i.e., HIGH or LOW) phases of a transmitted WUROP.
cdWakeupTxidle Duration of the idle phase between two low phases inside a wakeup 18 ps
pattern.
cFrameThreshold Threshold used to differentiate noisefrom activity arising from a frame in 80 gdBit
the dynamic segment media access.»>Activity exceeding this threshold is
assumed to have come from frame, transmission as opposed to noise.
cHCrclInit Initialisation vector for the calculation of the header CRC on channel A or 0x01A
channel B (hexadecimal).
cHCrcPolynomial Header CRC polynomiah(hexadecimal). 0x385
cHQrcSize Size of header CRC calculation register. 11 bits
cMigroPerMacroMin Minimum numbetr of microticks per macrotick during the offset correction 20 uT
phase.
cMigroPerMacroNomMin Minimumnumber of microticks in a nominal (uncorrected) macrotick. 40 uT
cMigroPerMacroNomMax Maximum number of microticks in a nominal (uncorrected) macrotick. 240 puT
cPdyloadLengthMax Maximum length of the payload segment of a frame. 27 two-byte
words
cPrppagationDelayMax Maximum allowable propagation delay arising from the physical layer and 2,5us
analogue effects inherent in the FlexRay CC's involved in the transmission
and reception of a communication element. These are the delays that
occur between the points labelled as TP1_FF and TP4_FF in Figure 110 of
1ISO 17458-4.
cSgmplesPerBit Number of samples taken in the determination of a bit value. 8
cSlotIDMax Highest slot ID number. 2 047
cStaticSlotIDMax Highest static slot ID number. 1023

b This parameter is only introduced to be able to define a minimum conformance class range that all implementations shall support.
Note that this macrotick duration may not be achievable for all microtick durations - see B.4.5 for details.

Cc

This parameter is only introduced to be able to define a minimum conformance class range that all implementations shall support.

Note that this macrotick duration may not be achievable for all bit rates or microtick durations - see B.2 and B.4.5 for details.
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Table A.1 — (continued)

Name Description Value
cStrobeOffset Sample where bit strobing is performed (first sample of a bit is considered 5
as sample 1).
cSyncFramelDCountMax Maximum number of distinct sync frame identifiers that may be present in 15
any cluster.
cVotingDelay Number of samples of delay between the RxD input and the majority voted (cVoting-
output in the glitch-free case. Samples -1) /
2
cVotingSamples Numbers of samples in the voting window used for majority voting of the 5
RxD input.

A.2 Performance constants

Table A.2 defines the performance constants.

Table A.2 — Performance constants

Npme Description Value

cdMaxOffsefCalculation Maximum time allowed for calculation of ¢the" offset correction value, 1350 pT]
measured from the end of the static segment. In some situations the offset
correction calculation deadline is actually:longer - see 12.6.2 for details.

cdMaxRateCalculation Maximum time allowed for calculation of the rate correction value, 1500 uTl
measured from the end of the static“'segment. In some situations the rate
correction calculation deadline is actually longer - see 12.6.3 for details.
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Configuration constraints

2:2013(E)

B.1 General

Thig appendix specifies the configurable parameters of the FlexRay protocol. This appendix also i(Iientifies the

configurable range of the parameters, and gives constraints on the values that the parameters may take on.

All implementations that support a given parameter shall support at least the parameter range idertified in this

appendix. An implementation is allowed, however, to support a broader range of configuration valugs.

Follpwing functions are used for the configuration parameter calculation:

— |Function ceil(x) returns the nearest integer greater than or equal to x;

— |Function floor(x) returns the nearest integer less than or equal to x;

— |Function max(x1; x2;...; xn) returns the maximum value fram‘the set of arguments {x1, x2,...} xn }. If the
arguments xi are compound expressions composed of multiple parameters, then the values pelected for
each of the parameters should be the ones that maximizethe overall value of xi;

— |Function min(x1; x2;...; xn) returns the minimum *value from the set of arguments {x1, x2,...| xn }. If the
arguments xi are compound expressions composed of multiple parameters, then the values gelected for
each of the parameters should be the ones that'minimize the overall value of xi;

— |Function round(x) returns the integer value closest to x using asymmetric arithmetic rounding;

— |Function if(c; x; y) returns x if condition c is true, otherwise vy;

— |[] denotes units;

— |maxwun(...) means thermaximum of all paths from node M to node N with M,N = 1, ..., numbger of nodes
and M <> N;

— |Function or(cZ;. ¢2) returns true if either condition c1 or condition c2 (or both) are true, otheryise returns
false;

— |Functien*miny(xy) returns the value x of node N that represents the minimum of all nodes of a ¢luster;

— |Runction maxy(Xy) returns the value x of node N that represents the maximum of all nodes of ¢ cluster.

B.2 Bit rates

The FlexRay data link layer specification defines three standard bit rates — 10 Mbit/s, 5 Mbit/s, and 2,5
Mbit / s. The configuration ranges shown in this appendix reflect the necessary parameter ranges for an
implementation that supports operation at all three standard speeds.
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meters

B.3.1 Global cluster parameters

B.3.1.1 Protocol relevant

Protocol relevant global cluster parameters are parameters used within the SDL models to describe the
FlexRay protocol. They shall have the same value in all nodes of a cluster.

Table B.1 defines the Global protocol relevant parameters.

Table B.1 — Global protocol relevant parameters

wakeup symbol.

Name Description Range

gColdstartAjtempts Maximum number of times a node in the cluster is permitted to 2-31
attempt to start the cluster by initiating schedule synchronisation.

gCycleCourftMax 2 Maximum cycle counter value in a given cluster. [7,9, ..,

cCycleCountMpx]

gdActionPoiptOffset Number of macroticks the action point is offset from the beginning of 1-63MT
a static slot.

gdCASRxLdwMax Upper limit of the CAS acceptance window. 28 — 254 gdBit

gdDynamic$lotldlePhase Duration of the idle phase within a dynamic slot; 0 — 2 Minislqt

gdlgnoreAfterTx Duration that bit strobing is paused after a-transmission. 0 — 15 gdBit

gdMinislot Duration of a minislot. 2-63MT

gdMinislotAg¢tionPointOffset [ Number of macroticks the minislot action point is offset from the 1-31MT
beginning of a minislot.

gdStaticSlot Duration of a static slot. 3 -664 MT

gdSymbolWjndow Duration of the symbolwindow. 0-162 MT

gdSymbolWjindowAction- Number of macroticks the action point is offset from the beginning of 1-63MT

PointOffset the symbol window.

gdTSSTrangmitter Number of bits in the Transmission Start Sequence. 1 - 15 gdBit

gdWakeupRxIdle Number of bits used by the node to test the duration of the ‘idle’ or 8 — 59 gdBif
HIGH phase of a received wakeup.

gdWakeupRxLow Number of bits used by the node to test the duration of the LOW 8 — 59 gdBit
phase of a received wakeup.

gdWakeupRxWindow The size of the window, expressed in bits, used to detect wakeups. 76 — 485 gdBit

gdWakeupTKActive Number of bits used by the node to transmit the LOW phase of a 15 — 60 gdBit
wakeup symbol and the HIGH and LOW phases of a WUDOP.

gdWakeupTXiate Numper of bits used by the node 10 transmit the fdie—part of a|— 45 — 180 guBit

&  This parameter shall be an odd integer.
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Table B.1 — (continued)

Name Description Range
gListenNoise Upper limit for the startup listen timeout and wakeup listen timeout in 2-16
the presence of noise. This is used as a multiplier of the node
parameter pdListenTimeout.
gMacroPerCycle Number of macroticks in a communication cycle. 8 —-16 000 MT
gMaxWithoutClockCor- Threshold used for testing the vClockCorrectionFailed counter. Defines| 1 — 15 even / odd
rectionFatal the number of consecutive even/odd cycle pairs with missing clock cycle pairs
correction terms that will cause the protocol to transition from the
POC:normal active or POC:normal pasSIivEé staie Into the POC:haflt
state.”
gMaxWithoutClockCor- Threshold used for testing the vClockCorrectionFailed counter. Defings)|'1 — 1p even / odd
rectfionPassive the number of consecutive even/odd cycle pairs with missing clock cycle pairs
correction terms that will cause the protocol to transition frem’the
POC:normal active state to the POC:normal passive state.”
gNymberOfMinislots Number of minislots in the dynamic segment. 0 - 7988
gNymberOfStaticSlots Number of static slots in the static segment. 2-
cStaficSlotIDMax
gPgyloadLengthStatic Payload length of a static frame.® 0-
cPayloadLength
Mak two-byte
words
gSyncFramelDCountMax Maximum number of distinct sync ‘frame identifiers present in a given 2-
cluster. cSyngFramelDCo
LintMax

b |f gMaxWithoutClockCorrectionPassive is set to a value greater than or equal to gMaxWithoutClockCorrectionFatal
rs the POC:halt state directly (i.e., without first entering the*POC:normal passive state).

entq

c (Il static frames in a cluster have the same payload length. For 2,5 Mbit /s the payload length is restricted by
Emission duration of adTxMax. See B.4.41.

tran

then the CC

the maximum

B.3/1.2 Protocol related

Profocol related global cluster-parameters are parameters that have a meaning in the context of the FlexRay

protpcol but are not used within the SDL models. These parameters are used in the configuration

Thely shall have the same“value in all nodes of a cluster.

constraints.
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Table B.2 defines the global protocol related parameters.

Table B.2 — Global protocol related parameters

Name

Description

Range

gChannels

The channels that are used by the cluster.

[A, B, A&B]

gClockDeviationMax

Maximum frequency deviation of the time sources inside a
cluster from their nominal frequencies.

0 < gClockDeviationMax <=
cClockDeviationMax

gClusterDriftDamping The cluster drift damping factor, based on the longest 0-5uT
mmicrotick—adivticrotickivex—osed—m—the——cluster—Ysed—to
compute the local cluster drift damping factor
pClusterDriftDamping.
gdBit Nominal bit time. [0,1, 0,2)0,4] ps
gdCycle 2 Length of the cycle. 24 ps ~{cdCycleMax
gdMacrotick Duration of the cluster wide nominal macrotick. 1-6ps
gdNIT Duration of the Network Idle Time. 2-15978 MT
gdSampleClockPeriod Sample clock period. [0,0125, 0,025, 0,05] Us
gExternOffsgtCorrection External offset correction value applied in a cluster. 0-0,35ps
gExternRatgCorrection External rate correction value applied in a cluster, 0-0,35ps
gNetworkMgnagement- Length of the Network Management vector in a.¢cluster. 0 — 12 bytes
VectorLength
a See the galculation for the minimum value of pMicroPerCycle in B.4.16;Maximum value is given by cdCycleMax. The mininum

value is a thg
performance

oretical minimum. Implementations may require larger minimum cycle length because of other conditions (for example
onstants given in Table A.2).

B.3.2 Nod

B.3.21 P

Protocol re
protocol. Th

e parameters

rotocol relevant

evant node parameters ;are/parameters used within the SDL models to describe the FlexRay
ey may have different values in different nodes of a cluster.
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Table B.3 — Local node protocol relevant parameters

Name

Description

Range

pAllowHaltDueToClock

Boolean parameter that controls the transition to the
POC:halt state due to clock synchronisation errors.

If set to true, the CC is allowed to transition to POC:halt.

If set to false, the CC will not transition to the POC:halt state

bt aanl o " koo oin Lo PROC -narmmal—oa HW) ot
ooty Tt O e it e oot pasSStre—Statt

Boolean

(self healing would still be possible).

pAllowPassiveToActive

Number of consecutive even/odd cycle pairs that shall
have valid clock correction terms before the CC will be
allowed to transition from the POC:normal passive state to
POC:normal active state. If set to zero, the CC is not
allowed to transition from POC:normal passive to
POC:normal active.

0 — 31 even./ odd

cycle pairs

pChannels

Channels to which the node is connected.

[A, B, Al

pClusterDriftDamping

Local cluster drift damping factor used for rate corréction.

0-10|iT

pdAcceptedStartupRange

Expanded range of measured clock deviationr allowed for
startup frames during integration.

29-274

B uUT

pDgcodingCorrection

Value used by the receiver to calculate the difference
between primary time reference poiant.and secondary time
reference point.

12 - 136

T

pDglayCompensation[A],
pDglayCompensation[B]

Value used to compensate for reception delays on the
indicated channel.

4-211

uT

pdUistenTimeout

Value for the startup_Tisten timeout and wakeup listen
timeout. Although this-is a node local parameter, the real
time equivalent of:this value should be the same for all
nodes in the cluster.

1926 — 2 567

692 uT

pEXternalSync

Parameter - indicating whether the node is externally
synchrenized (operating as time gateway sink in an TT-E
clustér))or locally synchronized. If pExternalSync is set to
true then pTwoKeySlotMode shall also be set to true.

Booleg

pEXternOffsetCorrection

Number of microticks added or subtracted to the NIT to carry
out a host-controlled external offset correction.

0-28 T

pExternRateCorrection

Number of microticks added or subtracted to the cycle to
carry out a host-controlled external rate correction.

0-28|iT

pF4dlIBackinternal

Parameter indicating whether a time gateway sink node will
switch to local clock operation when synchronisation with the
time gateway source node is lost (pFallBackinternal = true)
or will instead go to POC:halt (pFallBackinternal = false).

Booles

pKeySlotID ID of the key slot, i.e., the slot used to transmit the startup 0 — cStaticSlotIDMax
frame, sync frame, or designated key slot frame. If this
parameter is set to zero the node does not have a key slot.

pKeySlotOnlyEnabled Parameter indicating whether or not the node shall enter key Boolean

slot only mode following startup.
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Table B.3 — (continued)

Name

Description

Range

pKeySlotUsedForStartup

Parameter indicating whether the key slot(s) are used to
transmit startup frames. If pKeySlotUsedForStartup is set to
true then pKeySlotUsedForSync shall also be set to true. If
pTwoKeySlotMode is set to true then both
pKeySlotUsedForSync and pKeySlotUsedForStartup shall
also be set to true.

Boolean

pKeySlotUsedForSync

Parameter indicating whether the key slot(s) are used to
fransmit sync frames. If pKeySlotUsedForStartup is set to

Boolean

true then pKeySlotUsedForSync shall also be set to true. If
pTwoKeySlotMode is set to true then both
pKeySlotUsedForSync and pKeySlotUsedForStartup shall
also be set to true.

pLatestTx

Number of the last minislot in which a frame transmission
can start in the dynamic segment.

0 — 7988 Minislot

pMacrolnitia

pMacrolnitia

|Offset[A],
|Offset[B]

Integer number of macroticks between the static slot
boundary and the following macrotick boundary of the
secondary time reference point based on the nominal
macrotick duration.

2-68MT

pMicrolnitial
pMicrolnitial

Offset[A],
Offset[B]

Number of microticks between the secondary time refetence
point and the macrotick boundary immediately following the
secondary time reference point. The parameter. depends on
pDelayCompensation[Ch] and therefore it has\to be set
independently for each channel.

0-239 uT

pMicroPerC

cle

Nominal number of microticks in the communication cycle of
the local node. If nodes have different microtick durations
this number will differ from node to.node.

960 — 1 280 000 uT

pOffsetCorr

pctionOut

Magnitude of the maximum germissible offset correction
value.

15-16 082 uT

pOffsetCorr¢ctionStart

Start of the offset correction phase within the NIT, expressed
as the number of macroticks from the start of cycle.

7—-15999 MT

pRateCorre

tionOut

Magnitude of the.maximum permissible rate correction value
and the maximum drift offset between two nodes operating
with non-synchronized clocks for one communication cycle.

3-3846 T

pSecondKe

SlotID

ID of the-second key slot, in which a second startup frame
shall ‘he’sent when operating as a coldstart node in a TT-L
or\FT-E cluster. If this parameter is set to zero the node
does not have a second key slot.

0 - cStaticSlotIDMax

pTwoKeySlId

tMode

Parameter indicating whether node operates as a coldstart
node in a TT-E or TT-L cluster. If pTwoKeySlotMode is set
to true then both  pKeySlotUsedForSync  and
pKeySlotUsedForStartup shall also be set to true. If
pExternalSync is set to true then pTwoKeySlotMode shall

Boolean

also be set to true.

pWakeupChannel

Channel used by the node to send a wakeup pattern.
pWakeupChannel shall be selected from among the
channels configured by pChannels.

[A, B]

pWakeupPattern

Number of repetitions of the wakeup symbol that are
combined to form a wakeup pattern when the node enters
the POC:wakeup send state.

0-632

&  Avalue of 0 or 1 prevents transmission of a wakeup pattern.
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Protocol related node parameters are parameters that have a meaning in the context of the FlexRay protocol
but are not used within the SDL models. They may have different values in different nodes of a cluster.

Table B.4 defines the local node protocol related parameters.

Table B.4 — Local node protocol related parameters

Name Description Range
pdMiicrotick Duration of a microtick. [0,0125, 0,025} 0,05] ps
pNWVectorEarlyUpdate Parameter indicating when the update of the Network Boolegn

Management Vector in the CHI shall take place.

If pNMVectorEarlyUpdate is set to false, the update shall

take place after the NIT.

If pNMVectorEarlyUpdate is set to true, the update shall take

place after the end of the static segment.
pPdyloadLengthDynMax | Maximum payload length for dynamic frames.? 0 - cPayloadL¢ngthMax
pSdmplesPerMicrotick Number of samples per microtick. [1, 2]
a [or bit rates of less than 10 Mbit / s the payload length is restricted by the maximm transmission duration adTxMax. Jee B.4.42.
B.3|3 Physical layer parameters
Forvalues of the following parameters please refer t0:1SO 17458-4.
Tabje B.5 defines the physical layer parameters,

TableB:5 — Physical layer parameters
Name Description
dBIPRx01 Time(by)which a positive edge is delayed in a receiving node.
dBDRx10 Fime’by which a negative edge is delayed in a receiving node.
dBDRxai Idle reaction time. Time by which a transmission becomes lengthened in a re¢eiving node
(when bus is switched from active to idle). If the last actively driven bit was HIGH the idle
detection in the CC is not delayed.

dBIpTx01 Time by which a positive edge is delayed in a transmitting node.

dBIpTx10 Time by which a negative edge is delayed in a transmitting node.

dBDTxRxai Delay between the rising edge of the TxEN signal at the BD when TxD is stilljllow and the
RxD signal at the BD going to high.

dBDTxActiveMax Maximum duration of activation of a BD's TXEN input.

dBDTxai Propagation delay of TXEN to bus activity on a transition from bus active to bus idle, i.e., the
time by which a transmission becomes lengthened in a transmitting node when bus is
switched from active to idle.

dBDTxia Propagation delay of TXEN to bus activity on a transition from bus idle to bus active, i.e., the

time by which a transmission becomes shortened in a transmitting node when bus is

switched from idle to active.
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Table B.5 — (continued)

Name Description

dBDTxDM Absolute time difference between dBDTxia and dBDTxai.

dCCRxDO01 Time by which a rising edge on the CC's RxD pin is delayed by analogue effects inside the
CC.

dCCRxD10 Time by which a falling edge on the CC's RxD pin is delayed by analogue effects inside
the CC.

dCCTxD01 Delay for the rising edge of the TxD signal between the digital domain inside the CC and
the-ettput-pietthe- GG

dCCTxD10 Delay for the falling edge of the TxD signal between the digital domain inside the"C€ jand
the output pin of the CC.

dCCTxENO] Delay for the rising edge of the TXEN signal between the digital domain inside the CC jand

the output pin of the CC.

dBranchRxActiveMax

Maximum duration of activity of an incoming branch of an active star’

dFrameTSSEMIInfluencemn

Assumed maximum shortening or lengthening of the TSS assa\result of the influence of
EMI effects on a TSS that is transferred from node M to node’N (as a result, this term
depends on the number of physical communication links, and thus the number of sfars,
between nodes M and N). A positive value indicates a length ening of the TSS. This value
corresponds to the ISO 17458-4 parameters dFrameTSSEMIInfluencedAS,
dFrameTSSEMIInfluencelAS, or dFrameTSSEMIInfluence2AS, depending on the nunpber
of active stars on the path between node M and node N.

For the purposes of the calculations of parameter ranges, this specification assumes| the
minimum and maximum values from a two, star system, even though ISO 17458-4 plgces
restrictions on such systems at certainbit'rates.

dFrameTSS|Length
Changewmn

Amount by which the TSS is shortened or lengthened by the network (including agtive
stars) for a frame sent from node M to node N. This parameter does not include|the
stochastic effects of EMI. A positive value indicates a lengthening of the TSS. This value
corresponds to the | 1SO 17458-4 parameters dFrameTSSLengthChange(dAS,
dFrameTSSLengthChange1lAS, or dFrameTSSLengthChange2AS, depending on |the
number of active stars'on the path between node M and node N.

For the purposes ‘of the calculations of parameter ranges, this specification assumes| the
minimum and‘maximum values from a two star system, even though ISO 17458-4 plgces
restrictions.on such systems at certain bit rates.®

dPropagationDelaymn

Propagation delay from the TxD input pin of the transmitting BD (TP1_BD) of node M to
the RxD“output pin of the receiving BD (TP4_BD) of node N.

dRing Ddaration of ringing on one segment of the network. If CAS/MTS or WUS symbols|are
transmitted, this value is used to calculate the time by which idle detection is delgyed
compared with a network without ringing.

dRingRxDw Maximum time including the duration of ringing and idle reaction times when ring| ing

occurs after the transmission of a frame or WUDOP, between node M to node N. This
value corresponds to the ISO 17458-4 parameters dRingRxDo, dRiNgRxDas1, dRiNgRkD1,
dRingRxDas; or dRingRxD;, depending on the number of active stars on the path betwleen

node M and node N.

For the purposes of the calculations of parameter ranges, this specification assumes the
maximum value from a two star system, even though 1SO 17458-4 places restrictions on
such systems at certain bit rates.

a The frame decoding mechanism, a portion of which is described in Figure 64, relies on the assumption that the effects of the TSS
length change and the TSS EMI influences, combined with the appropriate bit strobing and quantization effects, can increase the
receiver's perspective of the length of a TSS by at most two bit times. The maximum values for dFrameTSSLengthChange and
dFrameTSSEMIInfluence given in ISO 17458-4 satisfy this assumption.
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Table B.5 — (continued)

Name Description

dRxUncertainty Time following the end of a transmission where instability may occur on RxD as a result of
echoes and or ringing. During this time the RxD output may change states several times and
may not reflect the actual condition of the bus.

dStarDelay01 Time by which a rising edge is delayed by star k.

dStarDelay10x Time by which a falling edge is delayed by star k.

dStarFES1LengthChange |Length change of the last bit of a frame that passes through an active star.

nStarPathy n Number of stars on the signal path from any node M to a node N in a network with active
stars.

dStprSymbolEndLength Time by which the edge from low to idle after a symbol transmission is delpyed by the

Cha

nge

effects of idle reaction times of the active star when a symbol passes through a
This time does not include the propagation delay inside the active star.

N active star.

dst

rTSSLengthChange

Frame TSS length change caused by an active star.

dst

ArTxRxai

Delay between the rising edge of the TXEN signal at theactive star's CC interfag
is still low and the RxD signal of the active star's CC interface going to high.

e when TxD

dsy

mbolEMIInfluencem

Assumed maximum shortening or lengthening of the symbol as a result of the
EMI effects on a symbol that is transferred from*node M to node N (as a res
depends on the number of physical communication links, and thus the num
between nodes M and N). A positive valu€ indicates a lengthening of the symbg
corresponds to the ISO 17458-4 parameters dSymbolEMIIr
dSymbolEMIInfluencelAS, or dSymbolEMIInfluence2AS, depending on the num
stars on the path between node M a@nd node N.

For the purposes of the calculations of parameter ranges, this specification 3
minimum and maximum yalues from a two star system, even ISO 174
restrictions on such systems“at certain bit rates.

influence of
ilt, this term
ber of stars,
I. This value
fluenceOAS,
ber of active

ssumes the
b8-4 places

dsy

mbolLengthChangeun

Amount by which axsymbol is shortened or lengthened by the network (incl
stars) for a symbal-sent from node M to node N. This parameter does nof]
stochastic effeets~of EMI. A positive value indicates a lengthening of the symbg
corresponds to the ISO 17458-4 parameters dSymbolLength
dSymbollengthChangelAS, or dSymbolLengthChange2AS, depending on th{
active_stats on the path between node M and node N.

Fof the purposes of the calculations of parameter ranges, this specification 3
minimum and maximum values from a two star system, even though ISO 174
restrictions on such systems at certain bit rates.

uding active
include the
|. This value
ChangeOAS,
e number of

\ssumes the
58-4 places

dw

JODetect

Acceptance timeout for detection of a LOW phase in a wakeup pattern. The ma
of this parameter represents a duration that will be accepted as a LOW phase by

Kimum value
all BDs.

dw

JIdIeDetect

Acceptance timeout for detection of an Idle phase in a wakeup pattern. The ma
of this parameter represents a duration that will be accepted as an Idle phase by

imum value
all BDs.

dw

UTiméout

Acceptance timeout for wakeup pattern recognition. The minimum value of th
represents a pattern duration that would be accepted as a wakeup by all BDs.

S parameter
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B.3.4 Auxiliary parameters

The following parameters are only introduced for configuration constraints.

Table B.6 defines the auxiliary parameters for configuration constraints.

Table B.6 — Auxiliary parameters for configuration constraints

Name Description

aAssumedPrecision Assumed precision of the application network.

aBestCaseHrecision Upper bound for the clock deviation between two nodes (precision) assuming no’fgults
are present in the cluster.

adActionPoiptDifference Amount by which the static slot action point offset is greater than the miniSlot agtion
point offset (zero if static slot action point is smaller than minislot action_point).

adBitMax Maximum bit time taking into account the allowable clock deviatign'ef-€ach node.

adBitMin Minimum bit time taking into account the allowable clock deviation of each node.

adDTSLow Duration of the low phase of the Dynamic Trailing Sequence:

adlnitializatipnErrorMax The maximum initialisation error that shall be tolerated.hy an integrating node.

adInternalRxDelay Additional implementation dependent delay on-thé receive path of the decoder up to
the strobe point, i. e. an additional synchronisation unit in front of the majority vdting
mechanism.
It is in the responsibilty of the semiconductor manufacturer to specify [this
implementation dependent value for its’devices.

adLineDelay[Ch]mn The contribution of the propagation delay attributed to the path lengths and the specific
line delays T’ of the various Segments of the communication path between nodg M
and node N (see ISO 17458:4). This value also includes delays attributed to the cifcuit
board traces between the(CC and the BD in both the transmitter and the receiver.

adMaxIdleDgtectionDelayAfter- | Maximum time by which idle detection is delayed when ringing occurs after|the

HIGH transmission of a-frame or WUDOP.

adMicrotickIDistError Maximum time .difference in a node arising from the integral (i.e., non-fractignal)
distributioef microticks across different macroticks vs. an ideal distribution [that
allowed fractional microticks. The value is based on the local microtick pdMicrotick.

adMicrotickMax Maximum microtick length of all microticks configured within a cluster.

adMicrotickMlaxDistError Maximum time difference in a cluster arising from the integral (i.e., non-fractignal)
distribution of microticks across different macroticks vs. an ideal distribution [that
allowed fractional microticks. The value is based on the largest microtick in the cluster,
adMicrotickMax.

adOffsetCorrection The duration in macroticks of the offset correction phase of the NIT.

adPropagatijonDelayMax Maximum propagation delay of a cluster.

adPropagationBelayMin Minimum propagation delay of a cluster

adRemOffsetCalculation

Time after the beginning of the NIT necessary to ensure completion of the offset

correction calculation.

adRemRateCalculation

Time after the beginning of the NIT necessary to ensure completion of the
correction calculation.

rate
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Table B.6 — (continued)

Name Description

adSymbolWindowGuardinterval [ Required period of inactivity to ensure that symbols transmitted in the symbol window
are perceived by all receivers as beginning in the symbol window.

adTxDyn Upper bound on the duration of a dynamic frame transmission.

adTxMax Maximum transmission duration of a CC (expressed in ps).

adTxStat Upper bound on the duration of a static frame transmission.

aFramelLength Frame length in bits of a frame including transmission start sequence, frame start
sequence and frame end sequence but without idle detection time.

aFramelLengthDynamic Frame length in bits of a dynamic frame (see aFrameLength).

aFramelLengthStatic Frame length in bits of a static frame (see aFrameLength)

aMicroPerMacroNom The nominal number of microticks per macrotick for a ngde: Note that [this number
need not be an integer. The allowable range for this auxiliary variable is|bounded by
cMicroPerMacroNomMin and cMicroPerMacroNomMax.

aMipislotPerDynamicFrame Number of minislots needed to transmit a frame in ‘the dynamic segment.

aMixedTopologyError A term that expresses in microseconds the‘effect that the difference in|propagation
delay between the time source and time sink)clusters has on the precisiop of the time
sink cluster.

aNggativeOffsetCorrectionMax | The maximum amount of time by which the offset correction phase of tHe NIT might
need to be shortened to account fornegative offset corrections.

anRingPathun Number of segments betweennode M and node N where ringing occurs.

aOffsetCorrectionMax Cluster global magnitude,ofthe maximum necessary offset correction valug.

aPgyloadLength Payload length in twe‘byte words.

aPdyloadLengthDynamic Payload length.in"two-byte words of a dynamic frame.

aPgsitiveOffsetCorrectionMax | The maximum-amount of time by which the offset correction phase of tHe NIT might
need to be.lengthened to account for positive offset corrections.

aSinkPrecision An upper bound for the clock deviation between two nodes in the time sink cluster in a
TT-E system. Different definitions of this parameter exist depending on the nature of
the time source cluster.

aWprstCasePrecision Upper bound for the clock deviation between two nodes (precision) whien a limited
number of Byzantine faults are present in the clock synchronisation of the| cluster (see
[11]).

B.4 Calculation of configuration parameters for nodes in a TT-D cluster

B.4l1-General

This subclause describes how the configuration parameters are calculated for nodes operating in TT-D
cluster. Unless specified differently in B.5, B.6, or B.7 these calculations also apply for nodes operating in TT-
L or TT-E clusters.

B.4.2 gClockDeviationMax

Clock sources for communication controllers in a cluster deviate from each other. The parameter
gClockDeviationMax defines the maximum clock frequency deviation of any node in the cluster from the
node's nominal clock frequency, defined as a ratio of the absolute value of the maximum frequency deviation
to the nominal clock frequency, i.e., the actual clock frequency will be in the range as defined in the
equation (1).
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