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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 ISO 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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document is designed to encompass communication requirements in support of the Smart Digital
Tachograph (SDT) as identified by Regulation 2016/799 of the European Union[23],

This document specifies SDT Communications (SDTC). SDTC is the application of CEN Dedicated Short
Range Communication (DSRC) for SDT. See the following:

— EN 12253, Road transport and traffic telematics — Dedicated short-range communication — Physical
layer using microwave at 5,8 GHz!1]

1tion (DSRC) —

on (DSRC) —

— EN 13372, Road transport and traffic telematics — Dedicated short-range'communicatipn — Profiles
far RTTT applications!4]

Complementing the standardized specifications and descriptions, several private documénts describe
this dedicated short range semi-passive communication technologyin an informative manrler, providing
additlonal detailed explanations and implementation hints. See for example:

— DSRC tutorial published by ESF GmbH in July 2003 (publicly available)[24];

— @SS industry specification published in August:2003[25] (no longer available from |the authors;
epsential content is now available in ISO 15509);

It is tp be noted that the abovementioned private*documents provide information that car be essential
to eadily achieving interoperability with existing DSRC equipment and optimum performapce.

EN 1P253[] deals with the physical layer of the DSRC protocol stack presented in Figure 1; i.e. it
compfises requirements for Open Systems Interconnection (OSI) Layer 1 at 5,8 GHz for DSRC.

DSRC Application Layer
Management

Data Link Layer

Physical Layer

Figure 1 — DSRC protocol stack

EN 1225311 does not include associated measurement procedures for verification of the requirements.
Test methods for conformity are provided in ETSI EN 300674-1112], ETSI EN 300674-2-1[13] and ETSI
EN 300674-2-2[14],

EN 1225301 caters for on-board units based on transponder technologies. Furthermore, it allows for
mixed time, frequency and space division multiple access approaches.

EN 1225301 is conceived for the 10 MHz part (i.e. 5,795 GHz to 5,805 GHz) of the ISM band at 5,8 GHz
which is recommended by ECC/DEC(01)01[19], An additional sub-band (5,805 GHz - 5,815 GHz) may be
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allocated on a national basis. National restrictions on the usage of these frequency bands can apply
according to CEPT/ERC REC 70-03[11],

EN 12795[2] gives the architecture and services offered by the DSRC data link layer.

EN 12834[3] and the almost identical ISO 15628 give the architecture and services offered by the DSRC

application layer.

EN 13372[4] deals with the interlayer management of the DSRC protocol stack.

Figure 2 illustrates the global data flow between the elements of the SDTC stack, (physical layer, data

link layer and application layer) and the SDT application.

Vi

Application

Service Primitive
containing ASDU

Application
Layer (L7)

l LSDU

Data Link
Layer (L2)

l PSDU

Physical
Layer (L1)

ADU

A

APDU

Application

containing ASDU

A

LPDU

Application
Layer (L7)

T SDU

A

PPDU

Data Link
Layer (L2)

T PSDU

A

Physical
Layer (L1)

Figure 2 — Architecture and data flow of the SDTC stack
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INTE

RNATIONAL STANDARD ISO 4426:2021(E)

Intelligent transport systems — Lower layer protocols for
usage in the European digital tachograph

1 S

cope

This document spec1f1es communlcatlon requlrements in support of the Smart Digital Tachograph

— t
— t
— t
— S
This

2 N

The f
const|

undafed references, the latest edition of the referenced document (including any amendms
ISO 15628, Intelligent transport systems”’— Dedicated short range communication (DS
applidation layer

ISO/IEC 13239, Information technology — Telecommunications and information excha
systems — High-level data link control (HDLC) procedures

3 1
For tH

ISO a1

q

et

$0_Ounline browsing platform: available at https://www.iso.org/obp

e physical layer at 5,8 GHz for SDT communications (SDTC);

e data link layer (DLL) of SDTC;
e application layer of SDTC;

PDTC profiles which provide coherent sets of communication toals for applications ba

ormative references

bllowing documents are referred to in theext in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited

erms and definitions
e purposes 6fthis document, the following terms and definitions apply.

nd [EC maintain terminological databases for use in standardization at the following

ted on SDTC.

document provides further information beneficial for~the design and developmlent of SDTC
equipment.

their content
applies. For
ents) applies.

RC) — DSRC

nge between

addresses:

— 1

3.1
adjac

C Electropedia: available at http://www.electropedia.org/

ent channel

neighbouring SDTC channel for use by two or more emissions

Note 1 to entry: It is possible that a SDTC channel has either one of two adjacent channels.

3.2

antenna bore sight direction
direction of maximum antenna gain
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3.3

application

set of processes including related functions and structured data that uses the services offered by the
SDTC communication stack

3.4

beacon service table

BST

data structure transmitted by the fixed equipment indicating available services

3.5
bit error ratio
averaged nunber of erroneous bits relative to the total number of transmitted bits

3.6
co-channel
refers to the juse of the same SDTC channel by two or more emissions

3.7
communication initialization
procedure uged to establish communication between an RSU and a newly acrived OBU

Note 1 to entry: Terms prefixed with D present downlink parameters; downlink parameters apply to transnjission
of data from RSU to OBU.

3.8
D1 — carrie€r frequencies
number and [values of the downlink carrier frequencies, which are equal to the frequencies of thie CW,
transmitted py the RSU and used by transponder OBUs foraplink communication

Note 1 to entrjy: Each carrier frequency is the centre frequency of a downlink channel.

3.9
D1a — tolerance of carrier frequencies
maximum dgviation of the carrier frequency resulting from any cause

Note 1 to entrfy: It is expressed in parts per million (ppm)
EXAMPLE +1 ppm of a 5,8 GHz caryier allows for the carrier frequency to be in the range of 5,8 GHz + 5,8 kHz.

3.10
D2 — RSU transmitter spectrum mask
maximum allowed powerdithin a defined frequency band emitted by the RSU transmitter

3.11
D3 — OBU minimurm frequency range
minimum rahge.of frequencies that has to be received by the OBU receiver

3.12
D4 — maximum E.L.R.P.
maximum allowed value of E.I.R.P.

3.13

D4a — angular E.L.R.P. mask

E.LLR.P. as a function of the angle 0, where 0 indicates the angle relative to a vector perpendicular to the
road surface, pointing downwards

2 © IS0 2021 - All rights reserved
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3.14

D5 — polarization

locus of the tip of the vector of the electrical field strength in a plane perpendicular to the transmission
vector

EXAMPLE Horizontal and vertical linear polarization and left- and right-hand circular polarization.

3.15

D5a — cross-polarization

ellipticity of polarization

antenna designed to transmit left-hand circular waves, which can transmit some right-hand circular
waves in addition

Note ] to entry: Cross-polar discrimination (XPD) is defined as the ratio between left- and rightthand circular
powetl, Py 1/ Pruc, When the total power transmitted is Py ¢ + Py XPD is related to the ellipticity df polarization.

3.16
D6 — modulation
keyi;]g of the carrier wave by coded data

EXAMPLE Amplitude shift keying (ASK), phase shift keying (PSK), frequeiicy shift keying (F$K) and linear
amplifude modulation (AM).

3.17
D6a + modulation index
ratio [of the variation of the modulation parameter (frequency, amplitude, phase) caused by the
modJlation signal (data signal)

EXAMPLE Given the minimum and maximum valdes V., and V,;, of the envelope amplitude V of the

modulated signal, the amplitude modulation index m ig’defined as:

n

V .=V .
= —max min
Vmax+ min
3.18

D7 — data coding
downflink base band signal pre§entation, i.e. a mapping of logical bits to physical signals

EXAMPLE Bi-phase scheémes (Manchester, FM0, FM1, differential Manchester), NRZ and NRZI. NRZI: No
transifion at beginning of 1% bit, transition at beginning of "0" bit, no transition within bit.

3.19

D8 — bit rate

numbler of bitsper second, independent of the data coding

3.20

D8a {—tolerance of bit clock

maximtr-dewnlinkdeviationefthe bitcleckresulting fromany-eauseexpressedinppm

EXAMPLE 100 ppm of 500 kbit/s allows for the bit clock to be in the range of 500 kHz + 50 Hz.

3.21

D9 — bit error ratio for communication

maximum allowed bit error ratio valid within the dynamic range of the receiver as defined by D11a and
D11b

3.22
D10 — wake-up trigger for OBU
signal which:

a) indicates to the OBU that it is within a communication zone, i.e. that it can now communicate with
an RSU;

© IS0 2021 - All rights reserved 3
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b)

switches the OBU main circuitry from sleep mode to the active mode

Note 1 to entry: This is a feature to allow the OBU to save battery power. It is not mandatory for an OBU to use a
wake-up process.

3.23

D10a — maximum start time
maximum time between the reception of the wake-up trigger and the time when the OBU has switched

to the active

3.24

mode

D11 — communication zone

spatial regio
D11b

3.25
D11a — pow

h within which the incident power of the OBU has a dynamic range as defined by D11

rer limit for communication (upper)

upper level of incident power referred to a lossless isotropic antenna (0 dB) in front bfthe OBU

Note 1 to ent
bit error ratioj

y: This is the level below which, subject to D11b, communication is guaranteed with a sp4
Communication can take place above this limit, but is not guaranteed. Together with D11b

specifies the minimum dynamic range of the OBU receiver. Power values are medsured without any add

losses due to 1

3.26
D11b — powv
lower level o

Note 1 to ent
bit error ratioj

ain or misalignment.

Fer limit for communication (lower)
f incident power referred to a lossless isotropic antenna (0 dB) in front of the OBU

y: This is the level above which, subject to D11as;)communication is guaranteed with a sp¢
Communication can take place below this limitybut is not guaranteed. Together with D11a

specifies the jninimum dynamic range of the OBU receiver~Power values are measured without any add

losses due to 1

3.27
D12 — cut-g
incident pow
3.28
D13 — prea

specific dow

Note 1 to entr]

ain or misalignment

ff power level of OBU
er that is lower than the specified cut-off power level that does not result in communi

mble
hlink layer 1-bit pattern

y: Preamble is the)bit pattern transmitted immediately before a frame.

hmble length
downlink preamble measured in number of bits

aand

ecified
it also
tional

ecified
it also
tional

ration

3.29
D13a — pre
length of the
3.30

D13b — preamble wave form

signal shape

of the preamble

ling bits

sequence of bits transmitted after the end flag of the data link layer

3.31

D13c — trai
3.32
downlink

communication channel on which the fixed equipment transmits its information

3.33

downlink communication
communication from the RSU to the OBU
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equivalent isotropically radiated power

E.LR.

P.

signal power fed into an ideal lossless antenna radiating equally in all directions that generates the
same power flux at a reference distance as the one generated by a signal fed into the antenna under
consideration in a predefined direction within its far field region

3.35
fixed

equipment

fixed communication facility with one or more downlink channels and, optionally, one or more uplink
channels

Note 1
platfo

3.36
inter

assembly of communication parameters of all protocol layers such that a ¢ensistent coi

proto

to entry: Normally the fixed equipment is installed at a fixed location, but it may be install
'm.

ayer management

col is provided

Note 1

3.39

on-bgard unit

OBU
physi
signa

Note ]
the v
winds
the OF

Note 7

3.40
roads

identifier

to entry: The mobile equipment normally, corresponds to the vehicle’s communication unit.

ral assembly that is locatedvand operated in or on the vehicle to transmit and/or 1
s

to entry: An OBU may-be in a form that is removable from the vehicle, or mountable in or
hicle structure, or-bonded to a part of the vehicle, or an integral part of a vehicle compon
creen, bumper gr\licence plate. In this document, parameters that refer to an OBU relate to
U takes as it iS)ssitpplied to the vehicle manufacturer or constructor.

to entry®An OBU is an alternative descriptor to Mobile Equipment.

bide unit

d on a mobile

mmunication

ment on the
bn the uplink

eceive SDTC

pn any part of
ent, such as a
the form that

RSU
SDTC

equipment usually residing by the side of the road or overhead the road

Note 1 to entry: An RSU is an alternative descriptor to Fixed Equipment.

3.41

SDTC channel
frequency band for SDTC indicated by reference to the downlink centre frequency of one of up to four
frequency bands with 5 MHz width each

3.42

SDTC profile
consistent and standardized set of cross layer parameters controlling the behaviour of the SDTC
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3.43

service access point

SAP

interface point between data link layer and application layer, that has a unique link identifier and that
allows layers to communicate

3.44

smart digital tachograph communication

SDTC

CEN DSRC applied for the Smart Digital Tachograph (SDT)

Note 1 to entry: This is as identified by Regulation 2016/799 of the European Union(23]

3.45
termination
procedure uged to terminate communication between an RSU and an OBU

3.46
U1l — sub-cqrrier frequencies
number and values of the uplink sub-carrier frequencies, i.e. the frequency sepdration from the ¢entre
of the uplink|side band to the centre of the corresponding downlink band

3.47
Ula — tolerpnce of sub-carrier frequencies
maximum dgviation of the sub-carrier frequency resulting from any.eause

EXAMPLE 1 % of 1,5 MHz sub-carrier allows for the subsearrier frequency to be in the rapge of
1,5 MHz + 15 kHz.

Note 1 to entfy: Normally this is expressed in percentage (%) or in parts per million (ppm) of the sub-darrier
frequency.

Note 2 to entyfy: Terms prefixed with U present uplinkrparameters; uplink parameters apply to transmisgion of
data from OBU to RSU.

3.48
Ulb — use df side bands
specification| of the use of the uplink(side bands

Note 1 to entrfy: Data can be modudated on the upper side band only, or the lower side band only, or on both side
bands. In prinkiple, different data-can be modulated on the two side bands.

3.49
U2 — OBU transmitterspectrum mask
maximum allowed power emitted by the OBU transmitter within a defined frequency band

3.50
U4 — maximiun single side band E.LR.P. (hore sight)
maximum E.L.R.P. transmitted by the OBU within a single side band, measured at the maximum incident
power defined by D11a

Note 1 to entry: For a non-isotropic OBU antenna the single side band E.I.R.P varies with the direction of the
incident power and the direction in which the emitted power is measured.

3.51
U4a — maximum single side band E.I.R.P. (bore sight)
measurement when the incident power is in bore sight and the emitted power is measured in bore sight

3.52

U4b — maximum single side band E.I.R.P. (35°)

measurement when the incident power is in bore sight and the emitted power is measured at any angle
not less than 35° away from bore sight
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uplink parameter indicating the uplink polarization

3.54
Us —

cross-polarization

uplink parameter indicating the cross-polarization

3.55
U6 —

sub-carrier modulation

keying of the sub-carrier wave by coded data

EXAMPLE Amplitude shift keying (ASK), phase shift keying (PSK), and frequency shift keying

Note 1

3.56
U6Db -
ratio

Note ]
low-lg]
asing
of the

3.57
U6bc

to entry: U6b is not used.

— duty cycle
bf the length of high or low pulses to the duration of a complete cycle

to entry: In NRZI a sequence of zero bits results in a pulse of alternating high- and low-le
vel section and the adjacent high-level section constitute a cycle of thé)pulse. The nominal dy
e section is equal to the bit duration. The cycle duration is twice the bit duration. The duty cy
duration of the high-level section to the cycle duration.

- modulation on carrier

keyinjg of the carrier wave by the modulated sub-carxier

3.58
U7 —
uplin

3.59
U8 —
numb

3.60
U8a -

data coding
k base band signal presentation, i.e. a mapping of logical bits to physical signals

bit rate
er of bits per second, independent of the data coding

- tolerance of symbol clock

maximum uplink deviation-of the bit clock resulting from any cause, expressed in ppm

3.61
U9 —

bit error ratio for communication

maximum allowed bit error ratio valid within the dynamic range of the receiver

3.62
U11 -

—-communication zone

(FSK).

Vel sections. A
ration of such
cle is the ratio

Spatid

0 A OBU s situated sy
with a bit error ratio of less than a specified value

3.63

U12 — conversion gain
difference between OBU E.I.R.P. within one side band and the carrier incident power on OBU

3.64

U13 — preamble
specific uplink layer 1-bit pattern

© IS0 2021 - All rights reserved
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3.65
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Ul3a — preamble length

length of the

uplink preamble

Note 1 to entry: Preamble length is measured either in multiples of symbols or in seconds.

3.66

U13b — trailing bits
sequence of bits transmitted after the end flag of the data link layer

3.67
uplink

communicat

3.68

on channel on which mobile equipment transmits its information

uplink communication

communicat

3.69

on from the OBU to the RSU

vehicle servijice table

VST
data structu

3.70
window

period of tinje during which the physical medium is allocated either to the fixed equipment or

mobile equip

e transmitted by the OBU to indicate available services

ment

ro the

4 Abbreyiated terms and symbols

2-PSK binary phase shift keying

ACK acknowledge

ACn acknowledged command with sequence bit n
ADU application data unit

AM amplitude moduylation

APDU application protocol data unit

ASDU application service data unit

ASK aniplitude shift keying

C/R command/response

CEN European Committee for Standardization
CEPT European Conference of Postal and Telecommunications Administrations
cw continuous wave

DLL data link layer

DSRC dedicated short-range communication

EC European Commission

8
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EDTC
EFC
EN
ERC
ERM

ETSI

European digital tachograph communication

electronic fee collection

European Standard

European Radiocommunications Committee
electromagnetic compatibility and radio spectrum matters

European Telecommunications Standards Institute

ISO 4426:2021(E)

FCS
FE
FMO
FSK
HDLQ
ISM
L1

L2

L7
LLC
LPDU
LSB
LSDU

MAC
ME

MSB

FM1

final

frame check sequence

fixed equipment

bi-phase coding scheme, bit inverse to FM1 / FM0
frequency shift keying

high-level data link control
industrial, scientific, medical
layer 1 of SDTC (physical layer)
layer 2 of SDTC (data link layer)
layer 7 of SDTC (application layer)
logic link control

link layer protocol data unit

least significant bit

link layer seryice data unit
modifierdfynction bit

medidm access control

mobile equipment

most significant bit

NRZ
NRZI

0SI

P/F
PICS
PDU

non-return to zero

non-return to zero inverted

open systems interconnection

poll

poll/final

protocol implementation conformance statement

protocol data unit
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PPDU
PSDU
ppm
PSK
R

R&TTE

physical layer protocol data unit
physical layer service data unit
parts per million

phase shift keying

response

radio and telecommunications terminal equipment

RR
RTTT
TDMA
TSS&TP
Ul

%4

X

%

tx

XPD

5 Digital

5.1 Gener

A regulatory

authorized dfficers. Such an interface may be carried through a physical connector, or via a wi

communicat
and, in gener

A DSRC help
the experien
of the appli
communicat

Some legisla
Europe, whe
the competen

response request

road transport and traffic telematics
time division multiple access

test suite structure and test purposes
unnumbered information

receive state variable (LLC)

transmit state variable (LLC)

cross-polar discrimination

tachograph interrogation

al

r device such as a smart tachégraph needs to offer an interface for interrogati

on interface. When the seeond option is chosen, stringent requirements of confiden
al, security, arise.

b in satisfying these security requirements because of its localized nature and beca
Ce already gained.insecuring this type of links. This is one of the reasons the specifi
cation for digital” tachograph interrogation in ISO 15638-9 is based on this ty]
on mechanisar:

fions require that a radio link shall be available in smart tachograph devices, such
re Regulation 165/2014[21] requires that "In order to facilitate targeted roadside che
tcontrol authorities, tachographs installed in vehicles ... shall be able to communicate to

bn by
reless
iality

1se of
ration
pe of

as in
cks by
those

authorities w

hils tho uohiclo icin pmating
HEe eV EHHEH IS HHROHOH—

The right to allocate frequencies for DSRC and to determine suitable protocols for interrogation
applications is left to regional legislation.

In Europe the frequency band of 5,8 GHz has been in use for EFC applications for example for many
years. The communication and application layers defined for EFC are also suitable for other types of
short range radio interrogations, such as that for the digital tachograph, and that which is required in
Annex 14 of the Smart Tachograph Implementing Regulation of the EU [22], The requirements on lower
layers for the European digital tachograph are thus expressed in 5.2 and 5.3.

10
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SDTC protocol stack

5.2.1 Simplified OSI layered

SDTCisbased on asimplified OSIlayered model presented in Figures 1 and 2. The OSI Layers 3 (Network)
and 4 (Transport) do not exist, as SDTC concerns localized communications, i.e. not providing routing
of packets through a network.

NOTE

needed for the understanding of this document, or for an interoperable implementation of SDTC.

Functianality of OSI Lavers § (Qpccinn) a (Prpcpnfnfinn) and 7 (App]ir‘qfinn) is pravided

Layer} application layer (L7).

The (JSI Layer 1 maps to the SDTC Layer, physical layer (L1), and the OSI Layer 2)maps
Layer} data link layer (L2).

Details of the digital tachograph application, which resides on top of L7, are’out of the
docuinent. For details of the SDTC Layers, see 5.2.2, 5.2.3, 5.2.4 and 5.3.

5.2.2| SDTCL1

The SPTC physical layer specifications for the required 5,8 GHzDSRC shall be as specified
this document.

5.2.3| SDTCL2

The SPTC data link layer procedures shall be as specified in Annex B of this document.

5.2.4| SDTCL7

The SPTC application layer to be used asta'support for the digital tachograph interrogatic
specified in Annex C of this document,

5.3

The dpecification of SDT¢ L1, L2 and L7 allows for different implementations. To avo
and non-interoperable implementations, a choice of options referred to as "SDTC profile
specified in Annex D 6fthis document.

6 Test methods

The gxact specification of conformance testing procedures is left to national regulatio
it is warthwhile noting here that the following conformance testing standards are avg

. 1 1 1. h yall = I A A A hmY A Val 1 A .
I'equ1 CIIICIIU SUAITUdIUas TISLEU IIT WIdUSE O, dIIU 1IT AIITIEX A, AIIICEX b, AIIIICX U, dI1U AIIIICX L). and can be

The definition of "localized communications" can be found in ISO 21217. However, ISO 21217 is not

in the SDTC

SDTC profiles

to the SDTC

scope of this

n Annex A of

n shall be as

d ambiguity
5" shall be as

ns. However,
ilable for all

used in national certification procedures:

a)

b)

For the physical layer, including testing Layer 1 requirements specified in the profiles
1) ETSIEN 300 674-1[12] for the general test procedures and test environment setup;
2) ETSIEN 300 674-2-1[13] for the roadside unit;
3) ETSIEN 300 674-2-2[14] for the roadside unit.

in Annex D:

For the data link layer, including testing Layer 2 requirements specified in the profiles in Annex D:

1) ETSITS 102 486-1-1[13] for the protocol implementation conformance statement (PICS);

2) ETSITS 102 486-1-2[16] for the test suite structure and test purposes (TSS&TP);

© IS0 2021 - All rights reserved
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3) ETSITS 102 486-1-3[17 for the abstract test suite and partial PIXIT proforma.

c) For the application layer, including testing Layer 7 requirements specified in the profiles in
Annex D:

1) ETSITS 102 486-2-1118] for the protocol implementation conformance statement (PICS);
2) ETSITS 102 486-2-2[19] for the test suite structure and test purposes (TSS&TP);
3) ETSITS 102 486-2-3[29] for the abstract test suite and partial PIXIT proforma.

12 © IS0 2021 - All rights reserved
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A1l

This dnnex:

It prgvides specifications equivalent to those published in CEN EN-22253Ml and as
specification for the Digital Tachograph; see ISO 15638-9, Reference [21] and Reference [2]

The
SDT.

A2

A.2.

This
The

OSI Layer 1 parameters are measured for free space propagation. Attention is drawn to {
of an [OBU in 3.38, which means that measurements are taken in the absence of a windsct
obscyring material unless it formspart of the manufactured OBU assembly.

A.2.

Table|A.1 shows downlink parameters.

ISO 4426:2021(E)

Annex A
(normative)

SDTC physical layer

Overview and relation to CEN EN 12253

specifies the physical layer at 5,8 GHz for SDT Communications (SDTC); and

provides requirements for the communication medium to be used for exchange off information

between roadside units (RSUs) and on-board units (OBU);

terms "SDTC" and "DSRC" used in this annex are synonymo(s in terms of their applic3

SDTC link parameters

1 General

lause defines relevant downlink and uplink parameters of the SDTC OSI Layer 1 (ph
vplues to be used shall be set in accordance with SDTC profiles defined in Annex D.

2 Downlink paranieters

Table A.1 — Downlink parameters

used in the

.
bility for the

ysical layer).

he definition
‘een or other

ItNeJn Parameter Value(s) Remark
D1 Carrier frequencies Two downlink channels at: Other 10 MHz bands wjithin the

Downlink channel 1: 5,797 5 GHz
Downlink channel 2: 5,802 5 GHz

on a national basis:

Downlink channel 3:
5,807 5 GHz

Downlink channel 4:
5,812 5 GHz

in accordance with
ECC/DEC(02)01[10],

ment.

same ISM band allocated for RTTT

These channels are defined

The selection of carrier frequencies
is outside the scope of this docu-

© IS0 2021 - All rights reserved
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Table A.1 (continued)

Item

No. Parameter

Value(s)

Remark

Dla Tolerance of carrier fre-

quencies

Within +5 ppm

D2 RSU transmitter spec-

trum mask

1) Outband power:
see ETSI EN 300 674-1[12]

2) Inband power: < +33 dBm

3) Unwanted emission for

unmodulated carrier wave shall
be less than:

Co-channel uplink at 1,5 MHz:
<-27 dBm in 500 kHz.

Co-channel uplink at 2,0 MHz:
<-27 dBmin 500 kHz.

Adjacent channel uplinks:
<-47 dBm in 500 kHz.

4) For in-band unwanted emission
with modulated carrier wave,
three different requirement
classes are defined:

Equipment conforming with the
different classes results in different
re-use distances.

See ETSI EN 300 674-1[12] for rhore
details

Class A:

Co-channel uplink at 1,5 MHz:
<-7dBmin 500 kHz.

Co-channel uplink at2,0 MHz:
<-27 dBm in 500 kHz.

Adjacent channel uplinks:
<-30 dBm in 500 kHz.

Class A is originally specified in the
respective CEN European Norin,
indicating that this Class A should
not be used in new installationls.

Further on, it is not considered for
the European Digital Tachograph.

Class B;

Co-ehannel uplink at 1,5 MHz:
<-17 dBm in 500 kHz.

Co-channel uplink at 2,0 MHz:
<-27 dBm in 500 kHz.

Adjacent channel uplinks:
<-37 dBm in 500 kHz.

Class C:
Co-channel uplink at 1,5 MHz:

11

<27 B 5600kH=:
Co-channel uplink at 2,0 MHz:
<-27 dBmin 500 kHz.

Adjacent channel uplinks:
<-47 dBm in 500 kHz.

D3 OBU Minimum Frequency

Range

5,795 GHz - 5,815 GHz

D4 Maximum E.I.R.P.

+33 dBm

D4a Angular E.I.R.P. mask

0 <70° <+33dBm
0>70° < +18 dBm

D5 Polarization

Left-hand circular

14
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ItNe(:n Parameter Value(s) Remark
D5a Cross-polarization XPD:
In bore sight: RSU_ =15 dB
OBU,>10dB
At-3dBarea: RSU,=10dB
OBU,>6dB
D6 Modulation Two level amplitude modulation.
D6a Modulation index ﬂ’l: n’q
D7 Data coding FMO
"1" bit has transitions only at the be-
ginning and end of the bit interval.
"0" bit has an additional transition
in the middle of the bit interval com-
pared to the "1" bit.
D8 Bit rate 500 kbit/s
D8a Tolerance of bit clock Better than #100 ppm
D9 Bit error ratio for commu- |< 106 when incident power at OBUJis
nication in the range given by [D11a to D11b].
D10 Wake-up trigger for OBU |OBU shall wake up on recéiving any |No special wake-up pagtern is
frame with 11 or more ogctets (includ- |necessary.
ing preamble). OBU may wake up on rleceiving a
frame with less than 1|l octets.
D10a| |Maximum start time <5ms
D11 Communication zone Spatial regioir within which a
bit erroyratio according to D9 is
achieved.
D1la| |Power limit for communi- |Incident power: Implemented values ate subject
cation (upper) D112-0: -24 dBm Zonpr)lr(;ﬁ];es and sets deflined in
D11a-1:-17 dBm ANNex L.
D11b| |Power limit for communi- |Incident power:
cation (lower) -43 dBm
D12 Cut-off power level of OBU |-60 dBm Applicability of this paframeter is
subject to profiles and|sets defined
in Annex D.
D13 Preamible Preamble is mandatory.
D13a| A4Preamble length 16 bits * 1 bit
D13b Pl Cﬂlllb}c wavio lcUl IIT All ClltCl llat;lls Dc\iucllbc Uf IUVV ICVCI
and high level with pulse duration of
2 ps.
The tolerance is given by D8a.
D13c |Trailing bits The RSU is permitted to transmit a
maximum of 8 bits after the end flag.
An OBU is not required to take these
additional bits into account.

A.2.3 Uplink parameters

Table A.2 shows uplink parameters.

© IS0 2021 - All rights reserved
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Table A.2 — Uplink parameters

ltNe(:n Parameter Value(s) Remark
U1 Sub-carrier frequencies  |An OBU shall support 1,5 MHz and Selection of sub-carrier frequency
2,0 MHz. (1,5 MHz or 2,0 MHz) depends on
An RSU shall support 1,5 MHz or profile indicated by the RSU.
2,0 MHz or both. For interoperability with existing
U1-0: 1,5 MHz installations it is recom_mended
thata 1,5 MHz sub-carrier frequen-
U1-1: 2,0 MHz . .
cy is used wherever possible.
Ula Tolerfance of sub-carrier Within 0,1 %
freqyencies
Ulb Use (f side bands Same data on both sides.
U2 OBU transmitter spec- 1) Outband power: Information on the-choice of val-
trum mask see ETSI EN 300674-1[12] ues can be found, fer’example, [in
AnnexD.
2) Inband power:
< [U4a] dBm in 500 kHz
3) Emission in any other uplink
channel:
U2(3)-0=-39 dBm in 500 kHz
U2(3)-1=-35dBmin 500 kHz
U4a Maximum single side band |U4a-0: -14 dBm Information on the choice of val-
E.LR|P. (bore sight) U4a-1: -21 dBm ues can be found, for example, [in
Annex D.
U4b Maximum single side band |-17 dBm Applicability of this parameter is
E.LR|P. (35°) subject to profiles and sets deffined
in Annex D.
U5 Polatization Left-hand circularttransmitted when
left-hand cireular received.
USa Crosg-polarization XPD:
In boresight: RSU.>15dB
OBU,=10dB
At -3 dB: RSU,210dB
OBU,=6dB
U6 Sub-¢arrier modulatielr 2-PSK
Encoded data synchronized with
sub-carrier: Transitions of encoded
data coincide with transitions of
sub-carrier.
U6b Duty|cycle 50%+*a,as5%
U6c Modulation on carrier Multiplication of modulated sub-car-
rier with carrier.
u7 Data coding NRZI
U8 Bit rate 250 kbit/s
U8a Tolerance of bit clock Within #1 000 ppm
U9 Bit error ratio for commu- |< 106
nication
U11 Communication zone The spatial region within which the
OBU is situated such that its trans-
missions are received by the RSU
with a bit error ratio of less than that
given by U9.
16 © IS0 2021 - All rights reserved
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ltNe;n Parameter Value(s) Remark
Ul2a |Conversion gain (lower 1 dB for each side band Greater or equal to the specified

limit)

Range of angle:
Circularly symmetric between bore
sight and #35°.

value for each side band within a
circular cone around bore sight of
+35° opening angle.

U12b |Conversion gain (upper 10 dB for each side band Less than the specified value for
limit) each side band within a circular
cone around bore sight of +35°
opening angle.
Applicability of this paframeter is
subject to sets @nd profiles defined
in Annex D,
U13 Preamble Preamble is mandatory.
Ul3a| |Preamble length and 32 ps to 36 pus modulated with
pattern sub-carrier only, then 8 bits of NRZI
coded "0" bits.
U13b| |[Trailing bits The OBU is permitted to transmit a

maximum of 8 bits after the end flag.
An RSU is not required to take{hese
additional bits into account.

© IS0 2021 - All rights reserved
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Annex B
(normative)

SDTC data link layer

B.1 Overview and relation to CEN EN 12795

This annex s

— is positig
model sy

— support;
— support;s

— support;g

of a mobile equipment, as well as configurations where one instance of a fixed equipmer

commun

— takesint
through

— definesy
mobile e

By defining t
the "Logical

a) MAC pro

b) addressing rules and conventions;

c) data floy
d) acknowl
e) error col
f) services

The MAC sul

becifies the data link layer (DLL) of SDTC. The DLL of SDTC:

ned with respect to other related standards by the layers defined in the OSI basicTefd
ecified in ISO/IEC 7498-1, as adopted for SDTC;

broadcast and half-duplex transmission modes;
a variety of fixed equipment configurations;

configurations where one instance of a fixed equipment communicates with one ing

icate with several instances of a mobile equipment;

0 account that the mobile equipment communicates with the fixed equipment while pa
a communication zone with limited size;

quipment.

wo distinct sublayers of the DLL, namely the "Medium Access Control" (MAC) sublayz
Link Control" (LLC) sublayer, this. annex defines:

cedures for the shared physical medium;

7 control procedures;

edgement procedures;

htrol procedures;

provided\to the application layer.

layer is specific to SDTC. The LLC services offered are unacknowledged and acknowl

connectionle

rence

tance
t can

1Ssing

arameters to be used in negotiation procedures taking place between fixed equipment and

T and

bdged

sSservices based on ISO/IEC 8802-2.

This annex provides specifications equivalent to those published in CEN EN 12795[2] and as used in the

specification

for the Digital Tachograph; see ISO 15638-9, Reference [21] and Reference [22].

The terms "SDTC" and "DSRC" used in this annex are synonymous in terms of their applicability for the

SDT.

B.2 Frame format

B.2.1 Frame structures and bit streams

All SDTC transmissions are in frames, and each frame conforms to the structure shown in Figure B.1.

18
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Flag

Link address
field

MAC control
field

LPDU

Frame check

Flag

sequence

Figure B.1 — Frame structure

Frames containing no LPDU form a special case; see Figure B.2.

Link address | MAC control | Frame check

The p|

B.2.2

All fr
(0111
seque

The f

In ord
field,
B.2.8

B.2.3

B.2.3

The |
priva

Flag : - Flag
field field sequence

Figure B.2 — Frame structure, no LPDU

hmes shall start and end with a flag. A~flag is a 0-bit followed by six I-bits follow
1110). When in receiving state, all stations shall continuously check on a bit-by-bit
nce. A transmitter shall send only.complete flags with eight bits.

ag which ends a frame shall not be used as the start flag for the next frame.

ler to achieve transparency) the flag is prevented from accidentally occurring in the
MAC control field, LPDU_and frame check sequence via a 0-bit insertion procedure

Link address-field

1 General

nk address field carries the "Link Identifier" (LID). The link address field shall cor
fe’l.ID (contained in 4 octets), a multicast LID (contained in one octet) or a broadcast LI

hysical bit stream can also comprise a preamble and/or trailing bitsySee Figure B.3.
Preamble Layer 2 fr.ame (including flags and zero bit O.p_t'iora.l
insertion between flags) trailing pits
Figure B.3 — Physical layer bit stream
Flags

ed by a 0-bit
basis for this

link address
described in

tain either a
D (contained

in on

octet)- The ESBofeachroctet i the timkaddressfield isamextension bit:

B.2.3.2 Private LID

The private LID is a number in the range of 0 to 268435455. Thus, the private LID consists of 28 bits.

The p

rivate LID is encoded into the link address field as shown in Figure B.4.
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X X | X | X
X X | X | X
X X | X | X
X X | X | X
X X | X | X
X X | X | X
X X | X | X
N QO O O

MSB LSB

Figure B.4 — Private link address field format

The LSB of the first three octets are set to 0 indicating that a further octet of(the link address field
follows. The [LSB of the fourth octet is set to I indicating that this is the last'octet of the link address
field.

B.2.3.3 Bre¢adcast LID

The broadcapt LID equals 127. Thus, the broadcast LID consists of.7 bits. The broadcast LID is enfoded
into the link pddress field as in Figure B.5.

171/1 1 11 1)1

MSB LSB

Figure B.5 —Broadcast link address field format

The LSB of the link address field-in Figure B.5 is set to 1 indicating that it consists of one octet onl.

B.2.3.4 Multicast LID

The multicadt LID is a~number in the range of 0 to 126. Thus, the multicast LID consists of 7 bit§. The
multicast LII) O is reserved for test purposes and multicast LID in the range 120 to 126 are reservgd for
private use. The multicast LID is encoded into the link address field as in Figure B.6.

7 6 5 4 3 2 1 0
MSB LSB

NOTE X = other than all Is.
Figure B.6 — Multicast link address field format

The LSB of the link address field in Figure B.6 is set to 1 indicating that it consists of one octet only.
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B.2.4 MAC control field

The MAC control field shall have the encoding as described in B.4.3.2.

B.2.5 LPDU format

The L

PDU shall have the encoding as described in B.5.3.

B.2.6 Frame check sequence

All frames shall include a 16-bit FCS just prior to the end flag for error detection purposes. The contents

of th

the FCS.

The H
gener
comp

B.2.7
Flag,
The K

B.2.8

The d
0-bit

The t
and t
MAC

The r
the r¢
deleté
been

B.3

B.3.1] General

Each
curre|

Each

oo e rrererere trrrrerre-coretrrortro ot

CS shall be conformant with a 16-bit frame checking sequence as defined in ISO/IE
ator polynomial shall be X16 + X12 + X5 + 1, and the initial value used shall|be FR
ement of the resulting remainder shall be transmitted as the 16-bit FCS.

Bit order
ink address, MAC control field and LPDU shall be transmitted withthe LSB first in e:

CS shall be transmitted with the coefficient of the highest tetm first.

Transparency

ccurrence of the flag within a frame other than the'start and end flags shall be prj
nsertion procedure as follows:

ransmitter shall insert a 0-bit following five,contiguous I-bits anywhere between f{
e end flag of the frame. The insertion of the 0-bit thus applies to the contents of the
rontrol field, the LPDU and the FCS.

ceiver shall inspect the following bit. If it is a 0, the five I-bits are passed as data
d. If the sixth bit is a 1, the_recéiver shall inspect the seventh bit. If this bitisa 0, a Y
received; if itis a 1, an abaerthas been received, and the receiving station shall ignore

Address establishment

fixed equipment shall contain one broadcast SAP as well as one SAP for each mobile
ntly kilown by the fixed equipment to be in the communications zone.

C 13239. The
FF¢. The Is

ich octet.

evented by a

he start flag
LID field, the

eceiver shall continuously monitorithe received bit stream; after receiving five contiguous I-bits,

and the 0 is
yalid flag has
that frame.

private SAP

priva

obile equipment shall contain one broadcast SAP, and if required for uplink transquissions, one

The broadcast SAP establishment is defined in B.3.2, the mobile private SAP establishment in B.3.3 and
the fixed private SAP establishment in B.3.4.
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Fixed Mobile Mobile
SAP SAP SAP SAP SAP SAP SAP
[ X N N ]
hroadcast
private
private

Figure B.7 — Link addressing overview

Mobile equigment arriving in the communication zone is, in many €ases, not fully powered, but is in
a sleep mod¢. However, in the following subclauses, the mobile equipment is described as if it were
always fully powered.

B.3.2 Broddcast SAP establishment
There shall He a broadcast SAP in every fixed and mobile-equipment.

The broadcagt SAP shall always be active.

B.3.3 Mobijile private SAP establishment
The mobile grivate SAP is created by thédata link layer on request from the application layer.
The private LID associated with this'SAP is generated at the application layer.

The mobile data link entity shallaise its private LID in all uplink transmissions.

B.3.4 Fixed private SAP-establishment

When a fixedl equipnient data link entity receives a frame containing a private LID not known tpo it, a
corresponding SARshall be created.

NOTE Deletion of fixed private SAPs is under the responsibility of upper layers or applications.

B.4 Medium Access Control (MAC) sublayer

B.4.1 Overview

The MAC sublayer is responsible for controlling the use of the physical medium by the MAC sublayer
entity residing in the fixed equipment and the MAC sublayer entity residing in the mobile equipment.

The mobile MAC sublayer offers the M-MA-DATA primitives to the mobile LLC sublayer. The fixed MAC
sublayer offers the F-MA-DATA primitives to the fixed LLC sublayer.

The medium access control is characterized by:

— half duplex mode;
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— asynchronous time division multiple access (TDMA).

The medium access control is unbalanced, in that the fixed equipment is always in control of the physical
medium, granting access to the physical medium to either:

— the fixed MAC (downlink window); or
— one mobile MAC exclusively (private uplink window); or
— any mobile MAC, according to certain rules (public uplink window).

The mobile MAC can also request access to the medium.

B.4.2 MAC service primitives

B.4.2]1 General

The MAC sublayer offers the following primitives to the LLC sublayer:
— MA-DATA.request;

— MA-DATA.indication.

Thes¢ are shown in Figure B.8.

MAC MAC

MA-DATA.request MA-DATA.indication

\

Figure B.8 — MAC services and primitives

B.4.2]2 Fixed MACservice primitives

B.4.2]2.1 E-M-<DATA.request

The pgrimitive shall be passed from the LLC sublayer to the MAC sublayer to request that an LPDU be

trans Htad ta amahila SAD in tha firct auailahla dawnmlinl vaindas
Hrec et oo e o e St o v oo e oYW HH sy T aro-vv

The primitive shall provide the following parameters:
F-MA-DATA.request(LID, LPDU, RR)
The LID shall be the LID of the mobile SAP for which the frame is intended.
It may be a private LID, the broadcast LID or a multicast LID.
The LPDU may be null (in this case no LPDU shall be included in the frame transmitted).

The response request (RR) shall indicate whether or not the fixed equipment shall allocate an uplink
window in immediate connection to the downlink frame transmitted.
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B.4.2.2.2 F-M-DATA.indication

The primitive shall be passed from the MAC sublayer to the LLC sublayer to indicate the successful
reception of a valid frame from a mobile SAP.

The primitive shall provide the following parameters:

F-MA-DATA.indication (LID, LPDU)

The LID shall be the content of the link address field of the frame received.

The LPDU sh

all not be null.

B.4.2.3 Molbile MAC service primitives

B.4.2.3.1 F

The primitiy
transmitted

The primitiv,

M-MA-D
The LID shal
The LPDU m

NOTE Th

B.4.2.3.2 M

The primitiv
reception of

The primitiv

M-MA-D
The LID shal
The LPDU sh

B.4.3 Win

B.4.3.1 Ov

MA-DATA.request

e shall be passed from the LLC sublayer to the MAC sublayer to request that an LK
Fo the fixed SAP in an uplink window.

e shall provide the following parameters

ATA.request(LID, LPDU)

be the private LID of the mobile SAP.

iy be null, in which case no LPDU shall be includeddn the frame transmitted.

e uplink window can be public or private, as described in B.4.3.4.

[-MA-DATA.indication

e shall be passed from the MAC sublayer to the LLC sublayer to indicate the succ
h valid frame from a fixed SAP.

e shall provide the following parameters
ATA.indication(LID, LPDU)
be the content of the link address field of the frame received.

1l not be null;

dow mandagement

prview

DU is

bssful

Uplink windows allocated by the fixed equipment are indicated by the MAC control field of the downlink
frame and follow immediately after the downlink window containing the frame.

The distinction between allocation of public and private uplink windows is made by the fixed equipment
by means of the LID of the frame allocating the uplink window. A public uplink window is allocated if
the link address field contains a broadcast LID while a private uplink window is allocated if the link

address field

contains a private LID.

Figure B.9 gives an overview of window management.

24
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no allocation in downlink frame

downlink window no uplink window allocated

broadcast of private LID

allocation in downlink frame

downlink window | private uplink window private uplink window allocated

private LID

downlink window | public uplink window public uplink window public uplin

k window

allocation in downlink\frame

broadcast LID . . . .
consecutive public uplink windows allocated

Figure B.9 — Window management overview

B.4.3|12 MAC control field

B.4.3|2.1 General

The MAC control field is used to:

—

Idicate whether the frame contains an LPDU;

dicate the transmission direction;

—n

locate public and private'windows;

|
[<5)

— request for private windows;

becify the typeof LPDU.

%)

The MAC control field has the length of one octet. The content of the MAC control field is different on the

downllink and-en the uplink. Bits that are not specified are reserved for future use.

B.4.3|12:2 MAC control field of the downlink

The MAC control field of the downlink shall be used by frames transmitted by the fixed equipment. The

format is described in Figure B.10.

L DO A CR S X X X

MSB LSB

Figure B.10 — MAC control field of the downlink
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The following applies for Figure B.10:

L The LPDU existence bit shall be used to indicate whether the frame contains an LPDU.

0 = frame contains no LPDU
1 = frame contains an LPDU

NOTE Minimum LPDU consists of an LLC control field only.
D The direction identifier bit shall be used to identify the link direction.

0 = downlink direction

A The mé¢dium allocation bit shall be used to allocate medium (see B.4.3.4).

0 = no pplink window is allocated by the fixed equipment
1 = uplink window is allocated by the fixed equipment

NOTE The allocation can be a private uplink window or N5 public uplink windows

C/R The LIJC Command/Response bit shall be used to identify the LPDU as ¢ommand or respongde.
The LIJC Command/Response bit shall be ignored if the LPDU existence bit is set to 0.
(For the use of the C/R bit see B.5.3.2).

0 = command LPDU
1 =response LPDU

S The MAC sequence bit shall be used to distinguish between first allocation of a private uplink
windoy and reallocation of a private uplink window {see B.4.4.2).

X Reserved, shall be set to 0.

B.4.3.2.3 MAC control field of the uplink

The MAC conjtrol field of the uplink shall be used by frames transmitted by the mobile equipment. The
format is dedcribed in Figure B.11.

L D 'R CR| X X X | X

MSB LSB

P11 MAC controal field ofthe nnbink
e L X

TG COMtT UT IICTO UT CaC O pPITiny

The following applies for Figure B.11:

L The LPDU existence bit shall be used to indicate whether the frame contains an LPDU.

0 = frame contains no LPDU
1 = frame contains an LPDU

D The direction identifier bit shall be used to identify the link direction.

1 = uplink direction.
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The medium request bit shall be used to request uplink window (see B.4.4.3).
0 = no window is requested by mobile equipment

1 =window is requested by the mobile equipment

The LLC Command/Response bit shall be ignored if the LPDU existence bit is set to 0.
(For the use of the C/R bit see B.5.3.2).

0 = command LPDU
1 =response LPDU

X

B.4.3
The f}

A dov
of the

NOTE

A doy
wind

A doy
wind

A Lay
See F

Reserved, shall be set to 0.

3 Downlink windows

xed equipment allocates a downlink window simply by transmitting a frate.

end flag of the downlink Layer 2 frame transmitted.

Trailing bits defined at the physical layer are not part of the window.

w is an uplink window.

w is a downlink window.

gure B.12 and Figure B.13 for the timing of the downlink window.

maximum length of downlink window

er 2 frame transmitted in a downlink window shall consist of not more than N2 octets.

nlink window starts at the start of the first bit of the preamble and.ends at the end pf the last bit

vnlink window shall not start before T1 after the end“of the previous window if fthe previous

vnlink window shall not start before T2 after thée’end of the previous window if fthe previous

Lplink window T1 downlink window

preamble | startflag | ... end flag

layer 2 frame

© ISO

rigure b.1Z2 — 11ming ol downliink window aiter uplink window

2021 - All rights reserved
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maximum length of downlink window

downlink window

downlink window

T2

NOTE Th|
taking bit rate

B.4.3.4 Up

B.4.3.4.1 G

The fixed eq
by setting t
windows, pr

A private uplink window may only be used by one mobile;zequipment, while public uplink window]

be used by a

If the LID of
uplink wind
windows are

Each allocati

a) one private uplink window; or
b) N5 consg¢cutive public uplinkwindows.
B.4.3.4.2 Private uplinkwindows

A private up
LID of the frd

A private upl

preamble | start flag end flag

layer 2 frame

4

Figure B.13 — Timing of downlink window after downlink window

e maximum duration in time of the downlink window can be calculated from N2 (see Tabl
and zero bit insertion into account.

link windows

eneral

ipment allocates one or more uplink windows immediately following a downlink
A bit of the MAC control field of the downlink frame to 1. There are two kinds of {
vate uplink windows and public uplink windows(

1y mobile equipment according to certain+¥ules described in B.4.3.4.4.

the allocating downlink frame is a private LID, the allocated uplink window is a p
pw. If the LID of the allocating dewnlink frame is a broadcast LID, the allocated {
public uplink windows.

Ing downlink frame may thus:allocate either:

ink windew may only be used by the mobile equipment having a private LID equal
meallocating the window.

h

B.8),

rame
iplink

5 may

rivate
iplink

to the

nkwindow starts T3 after the end of the downlink window containing the frame allo

fating

the uplink w

indow.

A private uplink window ends:

a) T4aafter the start of the window, if no mobile equipment has started transmitting before that time;

or

b) atthe end of the last bit of the end flag of the uplink Layer 2 frame transmitted; and

c) no later than the maximum time of private uplink windows, defined by N3.

Figure B.14 shows the timing for the private uplink window.
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T4a

downlink window | T3 private uplink window

preamble startflag | ... end flag

layer 2 frame

maximum length of private uplink window

A 4

Figure B.14 — Private uplink window timing

B.4.3}4.3 Public uplink windows
Each flownlink frame can simultaneously allocate N5 public uplink windows.

A public uplink window may be used by any mobile equipment’ according to certain ruiles given in
B.4.34.4.

A public uplink window starts:

a) T_3 after the end of the downlink window containingithe frame allocating the window if the public
u‘Elink window is the first window after the dowrnlink window; or

b) immediately after the end of the previous wittdow if that window is a public uplink window.
A publlic uplink window ends T5 after the statt of that window.

The tfansmission of the first bit of the'preamble of the Layer 2 frame in a public uplink yvindow shall
start pefore T4b after the start of that'window.

A Laypr 2 frame transmitted inapublic uplink window shall consist of not more than N4 ofctets.

See Flgure B.15 for the timing of the public uplink window.

Ta4b Ta4b

ddwnlink window | T3 public uplink window public uplink winglow
pre- | start end
amble | flag | ™ | flag

layer 2 frame

T5 T5

Figure B.15 — Public uplink window timing

B.4.3.4.4 Public uplink window selection

The public uplink window selection mechanism is a (pseudo-)random mechanism. The probability of
selecting one out of N5 public uplink windows shall be 1/N5. If a pseudo-random mechanism is used, an
appropriate seeding of the algorithm shall be taken into account.
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B.4.4 MAC elements of procedure

B.4.4.1 Private medium response flag

In each mobile equipment there is a private medium response flag. It shall be set to zero each time a
private uplink window is requested and incremented for each public uplink window allocation received.

After a private uplink window request, the corresponding private uplink window allocation and
subsequent reallocations by the fixed equipment shall take place before the private medium response
flag reaches the value 1.

B.4.4.2 Fixled equipment MAC procedures
B.4.4.2.1 Frame reception

B.4.4.2.1.1 [Validity of frame
The MAC suljlayer shall inspect all received frames to assess their validity.

A received friame shall be considered valid if:

a) the fran;]\e is correctly delimited by start and end flags according t0.B.2.2; and

b) the frame (after deletion of zero bits inserted for transparency) contains a number of bits
correspanding exactly to an integer number of octets;

c) the frame contains a valid link address field according to B.2.3 containing the private LID|of an
SAP; and

d) the frame contains an MAC control field according to B.4.3.2; and
e) the framle does not consist of too many octets (parameters N3 and N4 respectively); and
f) the frame contains a valid FCS field according to B.2.6.

If the frame feceived is not valid it shall be discarded. If a non-valid frame is received in a private yplink
window, reallocation may be undertakien according to B.4.4.2.2.3.

B.4.4.2.1.2 |Information transfer

The L bit of § received vdlidframe being set to 1 shall indicate that the frame contains an LPDU. The
start and end flags, the FES, the link address field and the MAC control field shall be removed from the
frame. The [JPDU and the contents of the link address field shall then be passed to the LLC sublal:;::r in
an F-MA-DATA.indjeation.

B.4.4.2.1.3

I |
WIINUUW 1 t:blul:bt

The R bit of a received valid frame being set to 1 shall indicate that the remote mobile SAP indicated by
the link address field is requesting a private uplink window to be allocated to it. The fixed equipment
shall allocate a private uplink window to that SAP before the private medium response flag (see B.4.4.1)
has reached the value 1.

B.4.4.2.2 Frame transmission

B.4.4.2.2.1 Information transfer

As aresult of an F-MA-DATA.request an LPDU can be pending. The fixed equipment shall then construct
a frame according to the frame format in B.2.
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bit of the MAC control field shall be set to I and the D bit shall be set to 0.

The A bit and the S bit shall be set according to B.4.4.2.2.2 and B.4.4.2.2.3.

The frame shall then be passed to the lower layer.

B.4.4.

2.2.2 Private uplink window allocation

The fixed equipment shall allocate a private uplink window to a remote mobile SAP if an outgoing LPDU

conta

ins a command to that SAP, which requires an immediate response.

The fixed equipment may allocate a private uplink window to a remote mobile SAP if a private uplink

wind

The f
wind

Whern
addrd
uplin

In thd
alloca
thatn
shall

B.4.4

Each
the m

If no
long 3

The S
wind
B.4.4

When
addrd
uplin

B.4.4

bw has been requested from (but not yet granted to) that SAP.

xed equipment may allocate a private uplink window to a remote mobile SAPifa p
w previously allocated to that SAP contained no valid uplink frame (reallocation).

a private uplink window is allocated, the A bit of the allocating frame\shall be set {
ss field of the allocating frame shall contain the private LID of a remiote SAP to whic
k window is allocated.

first private uplink allocation for a new SAP, the S bit shall be set to 0. If a private ug
tion to a mobile equipment is either the first response tosa\private uplink window
hobile equipment, or is the result of an F-MA-DATA.requéest, then the value of the S bif
be the complement of the value of the S bit of the previous private uplink window allg

2.2.3 Private uplink window reallocation
fime a private uplink window is allocated hy(the fixed equipment, a transmission is €3
obile equipment, to which the window is allocated.

s the corresponding private mediutw'response flag has not reached the value 1.

bit of the MAC control field shall then have the same value as it had on the first occas
bw was allocated.

2.2.4 Public uplink'window allocation

public uplink windows are allocated, the A bit of the allocating frame shall be set 1
ss field of the allocating frame shall contain the broadcast LID. The number of conse|
k windowssimultaneously allocated shall be N5.

3 Mobile equipment MAC procedures

rivate uplink

o 1. The link
h the private

link window
request from
transmitted
cation.

kpected from

palid frame was received by the fixed_equipment it may reallocate the private uplink window as

ion that that

o 1. The link
cutive public

B.4.4

31

Erame recention
Hae-F HOh

B.4.4.

n
2 3 cePpTro

3.1.1 Validity of frame

The MAC sublayer shall inspect all received frames to assess their validity.

A received frame shall be considered valid if:

a)
b)

the frame is correctly delimited by start and end flags according to B.2.2; and

the frame contains a valid link address field according to B.2.3 which contains either the LID of the

private SAP of this mobile equipment, or the broadcast LID, or a multicast LID known by this mobile
equipment; and

c)

the frame contains a MAC control field according to B.4.3.2; and
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d) the frame does not consist of more octets than are given by parameter N2; and

e)

the frame contains a valid FCS field according to B.2.6.

If the frame received is not valid it shall be discarded.

B.4.4.3.1.2

Information transfer

If the L bit of a received valid frame is set to 1 this shall indicate that the frame contains an LPDU. The
start and end flags, the FCS, the link address field and the MAC control field shall be removed from the
frame. The LPDU and the contents of the link address field shall then be passed to the LLC sublayer in
an M-MA-DATA indication

B.4.4.3.1.3 |Private uplink window allocation

If the A bit ofithe received frame equals 1 and the LID is private, a private uplink window"is alloca
the received frame.

If the L-bit of the received frame equals 0, indicating that no LPDU is present, the value of the S-bi
be used to distinguish between allocation and reallocation.

If the allocatjion is a new allocation, i.e. not a reallocation, the private uplink window shall be us
transmitting a pending LPDU.

If the alloc
retransmitti

B.4.4.3.1.4
If the A bit d

ion is a reallocation, the mobile equipment shall use the private uplink windo
hg the frame transmitted in the previous private uplink window.

Public uplink window allocation

f the received frame equals 1 and the LID is the broadcast LID, a public uplink wi

is allocated by the received frame. The number of Simultaneously allocated consecutive public t

windows is i

The mobile ¢

B.4.4.3.2 F

B.4.4.3.2.1
As aresult of

The mobile e

The L bit and

hdicated by parameter N5.

quipment may transmit in the public uplink window selected as described in B.4.3.4.
rame transmission

Information transfer
an M-MA-DATA)equest an LPDU may be pending.
quipmentshall then construct a frame according to the frame format of B.2.

the B.bit of the MAC control field shall be set to 1.

The R bit sh4

II'be set according to B.4.4.3.2.2.

ed by

shall

bd for

w for

ndow
iplink

o9

The mobile e

a)

quipment shall then transmit the frame according to the following rules:

if the LPDU contains an LLC command and if a private uplink window is allocated before, the mobile

equipment shall transmit the frame in the private uplink window. If the FE sends a private window
reallocation, the previously sent frame shall be transmitted. If the fixed equipment sends a private

window

b)

allocation, the pending frame shall be transmitted;

private uplink window allocated.

if the LPDU contains an LLC response, the mobile equipment shall transmit the frame in the first

If the frame is transmitted in a private uplink window, it shall be kept pending at least until the private
medium response flag has reached the value 1.
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B.4.4.3.2.2 Private uplink window request

The mobile equipment can request that a private uplink window be allocated to it by the fixed
equipment.

There are three cases:

a) if the mobile equipment has a command frame to transmit and has not requested a private uplink
window for that frame, it shall request a private uplink window by transmitting a frame with the
L bit of the MAC control field set to 0 and the R bit set to 1;

b) ifthe mobile equipment has a frame to transmit and has already requested a private uplink window
f¢r that frame It shall retransmit the request atter the private medium response flag has reached
the value 1;

c) ifithe mobile equipment has a frame to transmit in a private uplink window.and’still has an LPDU
pending it shall request (another) private uplink window by setting the R'bit of the|MAC control
field of the transmitted frame to 1.

B.5 [Logical Link Control (LLC) sublayer

B.5.1 Overview

B.5.1j1 General

The ILLC generates command PDUs and response PDUs for transmission, and interprets received
comr:[and PDUs and response PDUs. Specific responsibilities assigned to an LLC include:

a)

b) ofganization of data flow;

c)

d) aftionsregarding error contrel*and error recovery functions in the LLC sublayer.

[

itiation of control signal interchange;

—

mterpretation of received commdand'PDUs and generation of appropriate response PDUs; and

To satisfy a broad range of potential applications, two types of data link control operation pre included.

B.5.1{2 Unacknowledged connectionless-mode service

The pinacknowledged connectionless-mode data transfer service provides the means by which
appligation layer/entities can exchange link service data units (LSDUs) without the eptablishment
of a data link.level connection on an unacknowledged base. The data transfer can be ppint-to-point,
multifast, or-broadcast.

Unacknewledged operation provides an unacknowledged connectionless-mode service dcross a data
link with minimum protocol complexity. This type of operation can be useful when higher layers
provide any essential recovery and sequencing services so that these do not need replicating in the data
link layer. In addition, this type of operation can prove useful in applications where it is not essential to
guarantee the delivery of every data link layer data unit and for some initial data transfer.

B.5.1.3 Acknowledged connectionless-mode service

The acknowledged connectionless-mode data unit exchange services provide the means by which
application layer entities can exchange link service data units (LSDUs) which are acknowledged at the
LLC sublayer, without the establishment of a data link connection. The services provide a means by
which an application layer entity at one station can transmit a data unit to another station, request a
previously prepared data unit from another station, or exchange data units with another station. The
data unit transfer is point-to-point.
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Acknowledged operation provides an acknowledged connectionless-mode data unit exchange
service, which permits a station both to transmit data and to request the return of data at the same
time. Although the exchange service is connectionless, in-sequence delivery is guaranteed for data
transmitted by the initiating station.

B.5.2 LLC service primitives

B.5.2.1 General

This subclause specifies the services required of the LLC sublayer by the SDTC application layer, as
viewed from the application layer, to allow an application layer entity to exchange packets with remote

peer applicafion layer entities. The services are described in an abstract way and do not implly any

particular in[plementation or any exposed interface.

Two forms o

1) unacknowledged connectionless-mode; and

2) acknowl

B.5.2.2 Un

The primitiv,

DL-UNITDATA.request
DL-UNITDATA.indication

The DL-UNI
request that

arrival of an

Table B.1 shgws a list of LLC service primitives offered by the LLC sublayer to the application layler for
unacknowlediged connectionless-mode ddta transmission.

service are provided

pdged connectionless-mode.

hcknowledged connectionless data transfer

bs associated with unacknowledged connectionless-mod@data transfer are:

LSDU.

'DATA.request primitive is passed from-the application layer to the LLC sublayer to
an LSDU be transmitted using unacknowledged connectionless-mode procedures. The DL-

UNITDATA.ipdication primitive is passed from the LELC sublayer to the application layer to indicafe the

Table B.1 — LLC service primitives offered by the LLC sublayer to the application layer for
unacknowledged connectionless-mode data transmission
Name Description
DL-UNITDATA.request (LID/~|Passed from the application layer to the LLC sublayer to request transmissjon of

data, RR)

an LSDU.

cast and broadcast LID are only possible at the FE.

The response request RR shall be passed directly to the FE-MAC and shall

used to enable a direct response from the ME-LLC by setting the A bit of the
MAC control field. Thus, RR is not available at the ME.

The LID either shall be a private LID, a multicast LID or a broadcast LID. Mllti-

e

(LID, data)

DL-UNITDATA.indication

Passed from the LLC sublayer to the application layer to indicate the arrival
an LSDU.

request frame.

of

The LID shall be equal to the LID received in the corresponding DL-UNITDATA.

B.5.2.3 Acknowledged connectionless data transfer

The primitives associated with the acknowledged connectionless-mode data unit transmission service

are:

DL-DATA-ACK.request
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DL-DATA-ACK.indication
DL-DATA-ACK-STATUS.indication

The DL-DATA-ACK.request primitive is passed from the application layer to the LLC sublayer to request
that an LSDU be transmitted to a remote LLC using acknowledged connectionless-mode data unit
transmission procedures. The DL-DATA-ACK.indication primitive is passed from the LLC sublayer to
the application layer to indicate the arrival of a command PDU, except in the case where this PDU is
used only for Data Link Echo. The DL-DATA-ACK-STATUS.indication primitive is passed from the LLC
sublayer to the application layer to convey the results of the previous associated DL-DATA-ACK.request
primitive.

Table|B.2 shows a list of LLC service primitives offered by the LLC sublayer to the applicafion layer for
ackngwledged connectionless mode data transmission.

Table B.2 — LLC service primitives offered by the LLC sublayer to the application|layer for
acknowledged connectionless mode data transmission

Name¢ Description
DL-DATA-ACK.request (LID, |Passed from the FE application layer to the EE-LLC sublayer to request trans-
data) mission of an LSDU to the specified ME.

The LID shall be a private LID of an ME.
DL-DATA-ACK.indication Passed from the ME-LLC sublayer, to‘the ME application layer to indicate the
(LID,glata) arrival of a non-null and non-duplicate LSDU from the FE.

The LID shall be the private LAD of the ME.

DL-DATA-ACK-STATUS.indi- |Passed from the FE-LLC sublayer to the FE application layer to indifate the suc-
cation (LID, status) cess or failure of the prévious associated acknowledged connectionjless-mode
data unit transmissioh fequest.

The LID shall be‘a'private LID of an ME.

The status pdrameter indicates success or failure.

B.5.2{4 Acknowledged connectionless data exchange
The primitives associated with the acknowledged connectionless-mode data unit exchangg service are:
DL-REPLY.request
DL-REPLY.indicatien
DL-REPLY-STATUS.indication.

The )L-REPLY.request primitive is passed from the application layer to the LLC sublay¢r to request
that gn ESDU be returned from a remote station or that LSDUs be exchanged between stations using
ackngwledged connectionless-mode data unit exchange procedures. The DL-REPLY.indicatjon primitive
is passed from the LLC sublayer to the application layer to indicate the arrival of a command PDU. The
DL-REPLY-STATUS.indication primitive is passed from the LLC sublayer to the application layer to
convey the results of the previous associated DL-REPLY.request primitive.

The primitives associated with reply data unit preparation are:
DL-REPLY-UPDATE.request
DL-REPLY-UPDATE-STATUS.indication.

The DL-REPLY-UPDATE request primitive is passed from the application layer to the LLC sublayer with
an LSDU to be held by LLC and transmitted at a later time when requested to do so by some other
station. The DL-REPLY-UPDATE-STATUS.indication primitive is passed from the LLC sublayer to the
application layer to convey the results of the previous associated DL-REPLY-UPDATE request primitive.
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Table B.3 shows a list of LLC service primitives offered by the LLC sublayer to the application layer for
acknowledged connectionless mode data exchange.

Table B.3 — LLC service primitives offered by the LLC sublayer to the application layer for
acknowledged connectionless mode data exchange

Name

Description

DL-REPLY.request (LID, data)

Passed from the FE application layer to the FE-LLC sublayer to request trans-
mission of a previously prepared data unit from the specified ME (in case of null
data parameter) or to exchange data units with the specified ME.

The LID shall be a private LID of an ME.

DL-REPLY.ind
data)

ication (LID,

Passed from the ME-LLC sublayer to the ME application layer to indicate'either a
request of an LSDU from the FE or an exchange of LSDUs with the FE

The LID shall be the private LID of the ME.

Every new request of an LSDU from the FE will delete any preyiotsly prepdred
data.

DL-REPLY-ST]
(LID, data, st

ATUS.indication
tus)

Passed from the FE-LLC sublayer to the FE application fayer to indicate the
success or failure of the previous acknowledged connéctionless mode datafunit
exchange request and to pass data if available.

The LID shall be a private LID of an ME.

The status parameter indicates success orfailure.

DL-REPLY-UH
(LID, data)

DATE.request

Passed from the ME application layer té:the ME-LLC sublayer to request prgpa-
ration of an LSDU for future access. A@ubsequent DL-REPLY-UPDATE.requgst
service primitive serves to replace<the currently associated LSDU with a ngw
LSDU.

The LID shall be the private .ID of the ME.

The data parameter specifies the link service data unit to be held by the L1J
sublayer in preparationfor transfer at a later time when requested.

(@)

DL-REPLY-UH
indication (L

(not mandatg

DATE-STATUS.
D, status)

ry)

Passed from the ME*LLC sublayer to the ME application layer to indicate thie
success or failure of the previous associated data unit preparation request
(DL-REPLY-UPBPATE.request).

The LID/shall be the private LID of the ME.
The status parameter indicates success or failure.

The-effect of receipt of this primitive by the ME-L7 is not specified. Thus, this
indication is not mandatory.

NOTE A
requested da

will occur if te command is not understood by the ME.

ata link layer request containing a valid command is considered to be successful even|if the

cannotbe/provided within link turnaround time. In this case, a late response will occur. A failure

B.5.3 LPDUformat

B.5.3.1 General

All LPDUs shall conform to the format shown in Figure B.16.
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LLC control field

Information field

8 bits
Key

N times 8 bits

N number of octets; an integer value equal to or greater that 0 (the upper limit of N is given by N2, N3 or N4)

NOTE  The LLC control field is specified in B.5.3.3.

F‘ignrp B.16 — LPDU format

B.5.3]2 C/Rbit

The Qommand/Response (C/R) bit shall be handled according to B.4.3.2.

B.5.3|3 LLC control field

B.5.3{3.1 General

The LJL.C control field shall consist of one octet that shall be used to designate command an

The format defined for the control field is described in Figure B.17.

M M M | P/FE M M 1
7 6 5 4 3 2 0
MSB LSB
Key
M Modifier function bits
P/F poll bit - used in command LPDU transmission:
P=1: poll, P=0<no poll
final bit - used in'response LPDU transmission:
F=1: finalyF=0; no final
NOTE|l The twe l€ast significant bits are set to 1.
NOTE[2 Thesgontrol field shown in Figure B.17 utilizes a subset of the LLC control field format of IS

Figure B.17 — LLC control field

d response.

D/IEC 8802-2.

B.5.3.3.2 Unacknowledged connectionless

The LLC control field encoding for unacknowledged connectionless operation is shown in Figure B.18.
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0 0 0 P 0 0 1 1 Ul COMMAND

MSB LSB

Figure B.18 — Ul command, LLC control field

B.5.3.3.3 Alcknowledged connectionless

O

The LLC confrol field encoding for acknowledged connectionless operation is shown in Figure B.1

0 1 1 P 0 1 1 1 ACO'COMMAND

1 1 1 P 0 1 1 1 AC1 COMMAND

0 1 1 F 0 1 1 1 ACO RESPONSE

1 1 1 F 0 1 1 1 AC1 RESPONSE

MSB LSB

Figure B.19 — ACn command and response, LLC control field

The MSB of the LLC control field.-for ACn commands and responses is the N bit.

B.5.3.4 LL( Status Subfield

Every ACn response~PDU shall contain a status subfield in its information field. The remainder of
the informatfion«ield may be either null or non-null; if non-null it shall contain an LSDU as shown in

Figure B.20.
ACn response information field
LLC control field Status subfield, 1 octet LSDU subfield, 0 or more octets

R RIR/ R/C C C C

MSB LSB

Figure B.20 — ACn response information field format
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The code returned in the CCCC part of the status subfield indicates the success or failure of information
passage in the command PDU. The code returned in the RRRR part of the status subfield indicates the

success or failure of information passage in the response PDU. Table B.4 shows AC
subfield values; all values not shown in Table B.4 are reserved for future use.

Table B.4 — ACn response status subfield RRRRCCCC values

n response status

RRRRCCCC Mnemonic Hex Description
00000000 OK_OK 0 |Command accepted / Response LSDU present
00110000 NE_OK 30 |[Command accepted / Response LSDU not yet available
0 H-6-0-0-0-6 NR—OK +o—-Conmmatdaecepted/ResponsehsbHnotreguested

B.5.3|5 Information field

The information field shall consist of any integral number (including zero) of octets.

B.5.3|6 Invalid LPDU

An inyalid LPDU shall be defined as one which meets at least one of the following conditions:

a) iflis identified as invalid by the MAC sublayer;

b) itlis not an integral number of octets in length;

)

—e

tls length is 0 (no control field);

d) itdoes not contain a valid command or responsé control field as defined by this standard;

e) i does contain an acknowledged connectionless LLC command or response control field, and the

LID is either of type multicast or of typebroadcast;

f) ifdoes contain an acknowledged connéctionless response control field, and no ACn regponse status

stibfield in its information field.

Invalid LPDUs shall be ignored.

B.5.4 LLC elements of procedure

B.5.4{1 Overview

This psubclause defines the commands and associated responses. B.5.4.2 and B.5.4.3| contain the

definitions of.the'set of commands and responses (listed below) for each of the contr

ol field formats for

unacknowledged and acknowledged operation, respectively. The C/R bit, located in bit foyr of the MAC
contrpl field, is used to distinguish between commands and responses. Table B.5 shows tHe commands

and rgsponses.

Table B.5 — Commands and responses

Commands Responses

Ul Unnumbered Information None

ACO Acknowledged Connectionless Information, ACO Acknowledged Connectionless Acknowledge,
Sequence 0 Sequence 0

AC1 Acknowledged Connectionless Information, AC1 Acknowledged Connectionless Acknowledge,
Sequence 1 Sequence 1

© IS0 2021 - All rights reserved
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B.5.4.2 Unacknowledged commands

B.5.4.2.1 General

On the downlink, the Ul command PDU shall be used to transmit information to one or more mobile
SAP(s) (private, multicast or broadcast LID). On the uplink, the Ul command PDU shall be used to
transmit information to one fixed SAP (private LID).

The use of the Ul command PDU is not dependent on the existence of a data link connection between
the destination and source LLCs, and its use does not affect the state variables of the acknowledged
operation. There is no LLC response PDU to the Ul command PDU.

B.5.4.2.2 Transmitting Ul commands

Upon being 1
a Ul commar

assed a DL-UNITDATA.request primitive from the application layer, the LLG-shall trajnsmit
d PDU which contains the LSDU and which has the P bit set to 0.

The C/R bit ip the MAC control field shall be used to identify that a command is contained in the PDU.

B.5.4.2.3 Receiving Ul commands

If the receivgdd LPDU is valid and not null, then the LSDU shall be passedto-the application layer inja DL-

UNITDATA.ipdication primitive.

5. The
ing of

Reception of]
data contain
the comman

the Ul command PDU shall not be acknowledged by:the logical data link procedure
ed in a Ul PDU can be lost if a logical data link excéption occurs during the transmitf]
1 PDU.

B.5.4.3 Acknowledged commands/responses

B.5.4.3.1 Gleneral

it the
the
and

The ACn conpmand PDU shall be used to transmit information or to request information, witho
prior establifhment of a data link conneg¢tion. Use of the ACn command PDU is not dependent uptﬁg
existence of a data link connection between the destination and source. Reception of an ACn com|

PDU shall be
the ACn com
a link servicg

acknowledged by an ACh-response PDU at the earliest opportunity. The information f
mand PDU may be eitheér null (having zero length) or non-null, and if non-null shall cg
data unit. The ACn-command shall have a private LID.

eld in
ntain

The ACn response PDU shallbe used to reply to an ACn command PDU. Responses shall be made pt the
earliest oppdrtunity. The-ACn response PDU shall identify the responding LLC and shall be transmitted
to the originpting LLC./The ACn response PDU shall always contain a status subfield in its infornjation
field (see B.5|3.4).

The source [JLEmay retransmit an acknowledged command PDU for recovery purposes but it shall not
transmit a new acknowledged command PDU while waiting for an acknowledgement of a previous PDU
with the same LID. Acknowledged connectionless information exchange shall not interfere with any
unacknowledged connectionless operation.

The N bit in successive PDUs provides a one-bit sequence number, which allows the LLC which receives
a command PDU to distinguish between a new PDU and a retransmission of the previous PDU.

Further, the LLC that receives an acknowledgement PDU can ensure that the acknowledgement refers to
the last transmitted command PDU. A previously received acknowledgement, which incurred excessive
delay, is thus ignored.
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B.5.4.3.2 State variables

B.5.4.3.2.1 General

Acknowledged operation defines state information which shall be maintained at the stations involved
in the information exchange. Each station shall maintain for each SAP, a one-bit sequence number for
transmitting and another for receiving.

Therefore, mobile equipment has to maintain one pair of send and receive sequence numbers if using
acknowledged connectionless operation.

gnnectionless

operdtion in the communication zone, one pair of send and receive sequence numbers.

B.5.4{3.2.2 Transmit sequence state variable, V,

The LLC shall be able to maintain one transmit sequence state variable, V,,for each unique SAP used
for transmitting acknowledged connectionless command PDUs. This varjable shall take ¢n the values
of 0 apd 1. The set of V;, variables permit the LLC to ensure that a receivéd dcknowledgemént applies to
the cyrrently outstanding transmission and allows the receiver to detect duplicate frames. V., shall be
created with the establishment of a new private LID.

B.5.4{3.2.3 Receive sequence state variable, V

The LLLC shall be able to maintain one receive sequence state variable, V.,, for each|unique SAP
assocjated with received acknowledged connectionless’command PDUs. This variable |contains the
complement of the N bit of the last received acknowledged command with the associated LID. V., allows
the LLC to differentiate between an acknowledged,connectionless command PDU received for the first
time, fand a received PDU which is a retransmission of a previously received PDU. V., shall be created
with the establishment of a new private LID:

NOTE In EN 12795l2], the state variable\/?, was named V(RI).

B.5.4{3.2.4 Procedure for link.set-up

The fransmit sequence staté_yariable, V,,, and the receive state variable, V,,, shall be|created and

rx’
delet¢d together with the Creation and deletion of the corresponding SAP.
NOTE[1  InEN 12795 the state variable V,, was named V(SI).

The tfansmit seqi€nce state variable, V,,, shall be created with a value of 0. The receive sqquence state

variable, V., shall be created with an undefined value.

NOTE|2 _ Ne-sequence number resynchronization is defined since it is assumed that the state variables are not
deleted fe.g. by power down, reset) in one communication zone.

B.5.4.3.3 Procedure for the use of the P/F bit

LLC shall set the P bit in an ACn command PDU to 0 if the command PDU is not a request for the remote
LLC to return an LSDU in its acknowledgement. Thus, the P bit is set to 0 when data is to be passed only
from the transmitting station to the receiving station, or when the command PDU is to be passed only
for the purpose of the Data Link Echo command.

LLC shall set the P bit in an ACn command PDU to 1 if the command PDU is a request for the remote
LLC to return an LSDU in its acknowledgement. Setting the P bit to 1 allows data to be passed in both
directions.

When transmitting an ACn response PDU, the LLC shall set the F bit equal to the P bit in the received
ACn command PDU and include a non-null LSDU subfield only if the F bitis a 1.
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Table B.6 and Table B.7 summarize the functions performed by ACn command and response
according to the state of the P/F bit and the presence of a non-null LSDU.

Table B.6 — Summary of ACn command functionality

P LSDU Function

0 null Data Link Echo
0 non-null Transmitting data
1 null (Not allowed)

1 non-null Exchanging data

PDUs

Table B.7 — Summary of ACn response functionality

F LSDU Function

0 null Acknowledgement, no data requested

0 non-null (Not allowed)

1 null Acknowledgement, requested data unavailable
1 non-null Acknowledgement with requested-data

B.5.4.3.4 Transmitting ACn commands

Information fransfer from an initiating LLC to a responding LLC shall be accomplished by transm
the ACn command. Transmitting an ACn command is allowed atany time to any receiving LLC pro
that the transmitting LLC is not currently awaiting an ACn response PDU from that LLC.

itting
vided

Upon being passed a DL-DATA-ACK.request primitive from the application layer, the LLC shall trajpnsmit

an ACn command PDU containing the LSDU and with the P bit set to 0.

Upon being passed a DL-REPLY.request primitive!from the application layer, the LLC shall transy
ACn commarjd PDU containing the LSDU and writh the P bit set to 1.

When an AC
code of the PDU. When V,, is 0 the LLCcontrol field code shall be ACO, and when V,, is 1 the LLC c
field code shall be AC1.

When the LLL transmits a commiand PDU, it shall start an acknowledgement timer for that transm
and incremeht an internal transmission count variable. If no ACn response PDU is received befo
acknowledgdment timer ekpires, the transmitting LLC shall retransmit the command, increme
internal tranfsmission ceunt variable, and reset and restart the acknowledgement timer.

If a response is stilknot received, the retransmission procedure shall be repeated until the value

nit an

command PDU is constructed, the value of V,, shall be used to select the LLC contrd| field

bntrol

ission
e the
nt the

of the
ribed

internal tranfsmission count variable is equal to the value of the logical link parameter N11, as desg
in B.5.4.3.8,

twhich time an unsuccessful status shall be reported to the application layer usirllg the

related STATYSImdicatiomrprimmitive:

The acknowledgement timer and the internal transmission count shall be maintained separately for
each acknowledged connectionless information exchange between a pair of transmitting and receiving

LLCs.
The maximum value for the acknowledgement timer is N13.

The maximum value for the internal transmission count variable is N11.
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3.5 Receiving ACn commands

3.5.1 General

Upon receipt of an ACn command PDU, the LLC shall compare the V, receive state variable with the N
bit of the received LPDU from that SAP.

If the comparison shows equality, the received PDU is recognized to be a non-duplicate. Otherwise, the
received PDU is recognized to be a duplication of the most recently received ACn command PDU.

B.5.4.

3.5.2 Non-duplicate ACn command

If the
applig

If the

The s
comp

LLC s
origiy

If the
to0a

If the
with {

If the

B.5.4
The Li

nondyiplicate PDU with the following exceptions.

The |
The D
Ifan ]

B.5.4
An A(

received LPDU is valid and not null and the P bit is 0 then the LSDU shall be 'p
ation layer in a DL-DATA-ACK.indication primitive.

assed to the

P bit is 1, the LSDU shall be passed to the application layer in a DL-REPLY.indication primitive.

tate variable V., of the SAP associated with the received command PDU' shall be set
ement of the N bit of the received PDU.

hall acknowledge the receipt of a non-duplicate ACn command PDU by transm
ator of the command an ACn response PDU which has the N<bit set to the (new) valug

P bit in the received command PDU is 0, the response PDU shall be transmitted wit}
hd with only a status subfield in the information field.

P bit in the command PDU is 1, the response PDU-shall be transmitted with the F bit
he information field containing the LSDU previously associated with the SAP, if it is 3

LSDU is not available, it may be transmitted-later (see Annex D).

3.5.3 Duplicate ACn commands

L.C-procedures upon the reception’ of a duplicate ACn command PDU are the same as

., state variable is not affected by the reception of a duplicate command PDU.

to equal the
itting to the
of the V.

the F bit set

setto 1, and
vailable.

those for the

L-DATA-ACK.indicatien primitive is not issued, regardless of the P bit in the commanld PDU.

LSDU is receivedyin the command PDU, it shall not be passed to the application layer.

3.6 Transmitting ACn responses

0 response PDU shall be transmitted only upon the reception of an AC1 command.

An Ad

1 response PDII shall be transmitted nnly upon the reception of an ACO command

The response shall be transmitted to the transmitter of the associated command PDU.

The ACn status subfields shall be set according to B.5.3.4.

B.5.4.3.7 Receiving acknowledgement

After transmitting an ACn command PDU to a remote LLC, the transmitting LLC shall expect to
receive an acknowledgement in the form of an ACn PDU from the LLC to which the command PDU was
transmitted.

ACOc

ommands shall receive an AC1 acknowledgement and vice versa.
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Upon receiving such a response PDU, the LLC shall compare the N bit in the response PDU with the
current value of the transmit sequence state variable, V.

If the comparison shows inequality, the response is considered valid and the LLC shall stop the
acknowledgement timer associated with the transmission for which the acknowledgement was received
and reset the internal transmission count to zero. The V, state variable shall be complemented.

The LLC shall pass a DL-DATA-ACK-STATUS.indication primitive or a DL-REPLY-STATUS.indication
primitive to the application layer, depending on which request primitive is being confirmed. In the case
that an LSDU was returned in the ACn response PDU, the LSDU shall be passed to the application layer.

LLC shall pass the status to the application layer based on the status subfield in the response PDU.

If the compa
variable V,

rison of the N bit in the response PDU with the current value of the transmit sequencg

further action and shall continue to expect to receive a valid ACn response PDU. The acknowledge

timer shall n

B.5.4.3.8 M

N11 is a logid
is transmittd
set large eng
set to 1 so th
initiate retrag

bt be affected.

[aximum number of transmissions, N11

al link parameter that indicates the maximum number of times-that an ACn comman
d by LLC when trying to accomplish a successful information exchange. Normally, |
ugh to overcome the loss of a PDU due to link error conditions. The value of N11 m
at LLC does not itself re-queue a PDU to the MAC sublayer, but the application laye
nsmissions.

B.5.4.3.9 Acknowledgement time, N13

The acknow
acknowledge
toreceive an
acknowledge
the timer is
the LLC. The
greater than
the correspo

The unit for
are used for

B.5.4.4 Bit

Commands ¢
significant b

The informatio
application layer.

ment timers, and as such shall define the time interval during which the LLC shall e
ACn response PDU from a specific LLC from which the LLC is awaiting a response PD}
ment time shall take into account:any delay introduced by the MAC sublayer and wh
started at the beginning or at the*end of the transmitting of the ACn command PI
proper operation of the procedure shall require that the acknowledgement time sh
the normal time between-the transmitting of an ACn command PDU and the recept
hding ACn response PDY:

the acknowledgementtime is defined MAC specific. The public uplink windows allg
this timing purpese:

order

ind responses shall be delivered to or received from the MAC sublayer with the
t fiest(i.e., the first bit of an octet that is delivered or received shall have the weight

state

shows equality, the ACn response PDU shall be considered invalid. The LLC shall take no

tment

1 PDU
N11 is
ay be
' may

ledgement time is a logical link parameter that determines the period of the

xpect
J. The
ether
DU by
all be
ion of

cated

least
p0),

the

The information field shall be delivered to the application layer in the same bit order as received from

the MAC subl

ayer.

B.6 Data link layer parameters

Table B.8 shows data link layer parameter values.
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N1 not used

N2 maximum number of octets in frame in downlink window 128 octets

N3 maximum number of octets in frame in private uplink window 128 octets

N4 maximum number of octets in frame in public uplink window 9 octets

N5 number of simultaneously allocated public uplink windows 3

N6 not used

N7 not used

N8 not used

N9 not used

N10 ||notused

N11 | |[maximum number of retransmissions see B.5.4.3.4
N12 | |maximum private medium response time 1

N13 | [maximum value for acknowledgement timer 1;

see B.5.4.3.4 apd B.5.4.3.9

T1 minimum uplink to downlink link-turn-around time 32 ys

T2 minimum downlink to downlink window time (T

T3 downlink to uplink link-turn-around time 160 s

T4a [|maximum time to start of transmission in private uplink window 320 |IJ.S

T4b | |maximum time to start of transmission in publicuplink window 32 s

T5 time duration of public uplink window 448 lis

B.7 |Data link layer overhead

Table|B.9 indicates, for the differerit.command and response frames, the amount of overheald introduced
by th¢ data link layer. The overhead is in number of octets.

For the calculations a 4-octet {length of private LID has been assumed.

0-bit Insertion, as described in B.2.8, is excluded.

Table B.9 — Data link layer overhead
Pure MAC frame Frame containing Ul ACn
command PDU
Broadcast Private Broadcast Private Command || Response
LID LID LID LID

Framing (Flag/FCS) 4 4 4 4 4 4
Link address field 1 4 1 4 4 4
MAC control field 1 1 1 1 1 1
LLC control field — — 1 1 1 1
Status subfield — — — — — 1
Layer 2 total over- 6 9 7 10 10 11
head
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B.8 Evolution of the MAC sequence bit

The example illustrated in Table B.10 shows how lost frames can be handled and how the MAC sequence

bit S evolves.

Table B.10 — Behaviour of MAC sequence bit — Example 1

FE ME FE |ME Remarks
BST, S=0 - Variant:
BST, S=0 -
BST, S=0 -
< |PrWRq MAC Ctrl = 60 Hex
BST, S=0 -
< |PrWRq Variant: PrWA does not.céme through
before the next BSTtrahsmission.
PrwaA, S=0 - PrwaA, S=0 - S=0 since first allecation to a new LID|
PrwaA, S=0 - PrwaA, S=0 -
PrwaA, S=0 -
BST -
< |PrWRq
PrwaA, S=1 -
< |VST (UD) < | VST (Ul) Mac Ctrl = CO, LLC Ctrl = 03
PrwaA, S=u - Variant: S remains unchanged to previous valye.
PrwaA, S=u -
BST, S=0 -
< |PrWRq
PrWaA, S=t -
< |VST (UI) Variant: Unknown EFC application.
UI (release) -
BST -
< |PrWRq
Ul (release) — |(END) ME released. End of transaction.
ACO (GET1), ﬁ? An ME receives no AC command befoife the
PrwaA, S=t -& next BST, it reconnects with PrWRgq.
ACO (GET1), = MEhasrecetvedamrappheationreommand
PrWwaA, S=t and stops reconnecting.
Key
- downlink
— uplink
shaded field "frame lost on the link"
S=u S bit unchanged against previous value for the same LID
S=t S bitis toggled

The example illustrated in Table B.11 shows responses when ME asks for a private window to send
pending data.

46
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Table B.11 — Behaviour of MAC sequence bit — Example 2

FE ME FE | |ME Remarks
< |AC1, LLC status = 30, APDU requested but not
no LSDU yet available.
BST -
< |PrWRq
Prwa, S=t -
< |UI Application data received by FE.
(X.resp)
Key
— downlink
— uplink
S=t S bit is toggled
If, after the AC1 frame from the ME, the FE receives nothing for a long timesthe AC command is reissued;
see Table B.12. (Still ACO, since it is no new command, there was no applieation layer resppnse yet. The
S bit is toggled since it is a new allocation).
Table B.12 — Behaviour of MAC sequencé bit — Example 3
FE ME FE | |ME Remarks
ACO (GET 1) -
Prw4j, S=t
< |AC1 Application data received by FE.
(X.resp)
Key
— downlink
— uplink
S=t S bit is toggled
The egxample illustrated in Table) B.13 shows responses when ME waits for FE retry to gend pending
data.
Table B.13 — Behaviour of MAC sequence bit — Example 4
FE ME FE | |ME Remarks
$¥ |AC1 (X.resp =
Processing)
ACO (GET) - AC1 since an application layer response
PrwaA, S=t was already received.
< |ACO Application data received by FE.
(X.resp = data)
Key
— downlink
— uplink
S=t S bit is toggled

B.9 Address establishment

This clause discusses an example of how a communications session between a fixed equipment and a

mobile equipment unit could be set up and initialized.
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The basic underlying assumptions are that the fixed side periodically broadcasts a beacon service table,
BST, containing information on communication parameters, communication profiles and available
applications. The BST is transmitted as unnumbered information, UI, with the broadcast address. The
frame containing the BST also contains an uplink window allocation, and, since the address is broadcast,
it is a public uplink window allocation.

The mobile unit waits, until it hears the BST. The BST is addressed to the data link user, the application
layer, and it is interpreted there. The first action in the application layer is to generate a new link address
if the interpretation of the BST indicates that the mobile has arrived at a new beacon. The next action is
to read or generate a vehicle service table (VST), containing information on communication parameters,
communication profiles and available applications in the mobile, and to issue a DL-UNITDATA.request

containing t

PR AN

TV o,

The interprefation of the BST has also provided the mobile interlayer management with the-necgssary

information pn number of, and length of, public uplink windows, etc.

The LLC sublayer discards any state information relating to the earlier SAP and creatées anew SAF with
the new linlj address and new state information. The LLC sublayer then issues an’MA-DATA.rdquest
containing the VST to the MAC sublayer.

The MAC sublayer constructs the frame containing the VST, realizes that the.frame is too long fi

br the

public upling window that is available and constructs a request for a private window using the ne link

address. It then selects a public uplink window according to the randém delay counter and tran
pr a private window in this public uplink window.

the request fi

The fixed equipment MAC responds to the request for private window by allocating a private t
he mobile with the indicated link address. In\that private uplink window, the n

window to t
transmits th

When the frd
fixed LLC. TH
address and

The sequenc

e pending frame containing the VST.

ssue a DL-UNITDATA.indication.

e of frames/windows can be depicted as in Figure B.21.

me is correctly received in the fixed MAG, the result will be an MA-DATA.indication
e fixed LLC will study the link address:and find that it is new, create a new SAP for th:

smits

iplink
hobile

to the
it link

downlink wihdow publ.lc uplink publllc uplink publ.lc uplink downlink window prlva.te uplink
window window window window
Ul (BST, PuW.alloc) PrW.req Prw.alloc Ul (VST))
Figure B.21 —<BST - VST exchange for newly arrived mobile equipment — Windows

The followin

b @applies for Figure B.21:

— number of simultaneously allocated public windows = 3;

— random delay counter = 2;

— maximum random delay counter = 3.

The sequence of service primitives and frames can also be depicted as in Figure B.22.
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FIXED MOBILE
LLC MAC MAC LLC

DL-UNITDATA.req \

MA-DATA.req \

UL BST PuWA — | DLINITDATA.ind
\
MA-DATA.ind >
—
— |

/ DL-UNITDATA.req
‘/PrWRq/ MA-DATA.req

PrwA

MA-DATA.ind /

DL-UNITDATA.ind / Ul, VST
I
4/

PrWRq pending

Figure B.22 — BST - VST exchange for newly arrived mobile equipment — Primitives

In any SDTC communication, the tnreliability of the link should be taken into account. It is therefore
necessary to investigate the possibilities to recover from loss of frames also in the eafly phases of
comnpunication. If the framé_transmitted on the uplink in the public uplink window ig lost (due to
conteption or for other reasohs) the mobile equipment will not know until the private uglink window
allocdtion timer has expited. Since the maximum value of the timer is 1, the mobile will expect a private
windpw allocation before the next public window allocation, which occurs at the next trgnsmission of

the B$T (see Figur€ B23).
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FIXED MOBILE
LLC MAC MAC LLC

- ——— | MA-DATAreq
DL-UNITDATA.req \ UL BST. PUWA

\ MA-DATA.ind
\ DL-UNITDATA.ind
MHA-BATArer— ————

«——— | DLUNITDATA.fdq

- ————,| MADATAreq PrwRq LPDU pending

DL-UNITDATAreq | ——— | Ul, BST, PUWA

\ MA-DATA.ind
\ DL-UNITDATA.if
\
—>
MA-DATA.req /
& — | DL-UNITDATA.r4q

[o R

PrWRq pending PrWRq LPDU pending

PrwA

MA-DATA.ind /
DL-UNITDATA.nd | — | Ul, VST

«

Figure B.23 — BST'=-VST exchange when private window request is lost

If the frame|transmitted~on’ the downlink allocating the private uplink window is lost, the mobile
will not tranfsmit in theyprivate window allocated and the fixed side can reallocate the private yplink
window to ifjcrease the)probability of getting the data (see Figure B.24).
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FIXED MOBILE
LLC MAC MAC LLC

- ——— | MADATAreq
DL-UNITDATA.req \ UL BST. PUWA

\ MA-DATA.ind
\ DL-UNITDATA.ind

MA-DATA.req 4//

| BLUNITDATA.req

PrWRq

W} LPDU pénding
PrwA

e

MA-DATA.ind /

OL-UNITDATA.ind / ul, VST
I
4/

PrWRq pending

Figure B.24 — BST - VSTcexchange when a private window allocation is lost

If the|UI frame containing the ¥ST, transmitted on the uplink, is lost, the fixed side will pot receive a
valid fframe in the private window allocated and it can then reallocate the private uplink {window (see
Figure B.25).
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FIXED MOBILE
LLC MAC | MAC LLC

- ——— | MADATAreq
DL-UNITDATA.req \ UL BST. PuWA

\ MA-DATA.ind
\ DL-UNITDATA.ind

MA-DATA.req /
«——— | DLUNIDATA.rg

o

[

PrWRq

\» LPDU pending

PrwA

| o —$

MA-DATA.ind /

DL-UNITDATA.ind / ul, VST
I

«

PrWRq pending

Figure B.25 £ BST - VST exchange when VST is lost

B.10 State [transitions

A predecessgr of EN 12795-contained an incomplete specification of state transitions for the datja link
layer. This specificationtwas removed. Private initiatives finalized the state transitions and published
them in DSRC documeénts, e.g. the DSRC Tutorial published by ESF GmbH [24]. An Industry group
published an| extended state transition specification covering a complete DSRC OBU in a GSS docyment
which is no [langer officially availablel22]. This GSS state transition specification is now availaple in
1SO 15509I6l.
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Annex C
(normative)

SDTC application layer

Overview and relation to CEN EN 12834

This

Euroy
proce
speci

NOTE

The §
funct

The fpllowing subjects are covered by this annex:

jo5)

[%2)

o8]

fi

(@)

" O

(@)

o

wn

NOTE

security related\data are provided.

This

hnnex specifies the SDTC application layer core which provides communicatjon
ean SDT application. These tools consist of kernels that can be used by theySD’
ss via service primitives. The SDT application process, including application-data ang

ic functions, are outside the scope of document.
1  SDT application process specific specifications are provided in ISO 15638-9.

DTC application layer uses services provided by the SDTC data link layer, an
onality of intermediate layers of the OSI basic reference modelspecified in ISO/IEC 7

pplication layer structure and framework;

brvices to enable data transfer and remote operatigns;
pplication multiplexing procedure;

agmentation procedure;

bncatenation and chaining procedures;

bmmon encoding rules to translate’data from abstract syntax ASN.1, (ISO/IEC 8824-1)
yntax, (ISO/IEC 8825-2), and‘vice versa;

bmmunication initializatien and release procedures;
Foadcast service support;
DTC manageméntsupport including communication profile handling.

2 It is outside the scope of this annex to define a security policy. Some transport m

hnnex provides specifications equivalent to those published in EN 12834[3], and aj

tools for the
[ application
application-

1 covers the
498-1.

into transfer

bchanisms for

used in the
D

speci

ication for the Digital Tachograph; see ISO 15638-9, Reference [21] and Reference [2]

D).

C.2 identifies the technical requirements for the SDTC application layer specified in EN 12834[3] based
on ISO 15628, which contains equivalent specifications as provided in EN 12834(3],

The terms "SDTC" and "DSRC" used in this annex are synonymous in terms of their applicability for the

SDT.
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