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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 21111 series includes in-vehicle Ethernet requirements and test plans that are disseminated in
other International Standards and complements them with additional test methods and requirements.
The resulting requirement and test plans are structured in different documents following the Open
Systems Interconnection (OSI) reference model and grouping the documents that depend on the
physical media and bit rate used.

In general, the Ethernet requirements are specified in ISO/IEC/IEEE 8802-3. The ISO 21111 series
provides supplemental specifications (e.g. wake-up, I/0 functionality), which are required for in-vehicle

Eth
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ernet applications. In road vehicles, Ethernet networks are used for different purpose
erent bit-rates. Currently, the ISO 21111 series specifies the 1-Gbit/s optical and

b requiring
100-Mbit/s

eledtrical physical layer.
The ISO 21111 series contains requirement specifications and test methods related to th¢ in-vehicle
Ethprnet. This includes requirement specifications for physical layer entity (e.g. connectors, physical
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chronised link sleep functionalities,independent from physical media and bit rate.

r implementations) providers, device (e.g. electronic control units, gateway units) sup

ing and for interoperability testing.

out of the scope of the ISO 21111 series.

structure of the specifications given in the ISO 2111¥ series complies with the Opg
rconnection (OSI) reference model specified in ISO/IEC7498-1[1] and ISO/IEC 10731[2],

21111-1 defines the terms which are used in this\series of standards and provides an d
standards for in-vehicle Ethernet including the complementary relations to ISO/IEC/IE
document structure, type of physical entities; in-vehicle Ethernet specific functionalities

21111-2 specifies the interface betwéen reconciliation sublayer and physical entity
iced gigabit media independent interface (RGMII), and the common physical entity w

5 document specifies supplemental requirements to a physical layer capable of tr
bit/s over plastic optical fibre compliant with ISO/IEC/IEEE 8802-3, with specific apy

21111-4 specifies the‘optical components requirements and test methods for 1-Gbit/s
icle Ethernet.

21111-5 spécifies, for 1-Gbit/s optical in-vehicle Ethernet, requirements on the physi
em level, requirements on the interoperability test set-ups, the interoperability test plan
requirements for the physical layer at system level, requirements on the device-level ph
formance test set-ups, and device-level physical layer conformance test plan that cheg
1irements for the OSI physical layer that are relevant for device vendors.

munications inside road vehicles, and a test plan for physical entity conformance testing.

pliers, and

em (e.g. network systems) designers. Additionally, there are test methods'specified for conformance

ty (electrical safety, protection, fire, etc.) and electromagneticycompatibility (EMC) requirements

n Systems

verview of
EE 8802-3,
and so on.

¢ including
hke-up and
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optical in-

fal layer at
hat checks
ysical layer
ks a set of

[SO 21111-6 specifies advanced features of an ISO/IEC/IEEE 8802-3 in-vehicle Ethernet physical layer
(often also called transceiver), e.g. for diagnostic purposes for in-vehicle Ethernet physical layers. It
specifies advanced physical layer features, wake-up and sleep features, physical layer test suite,
physical layer control requirements and conformance test plan, physical sublayers test suite and
physical sublayers requirements and conformance test plan.

ISO 21111-7 specifies the implementation for ISO/IEC/IEEE 8802-3:2017/Amd 1:2017, which defines
the interface implementation for automotive applications together with requirements on components
used to realize this Bus Interface Network (BIN). ISO 21111-7 also defines further testing and system
requirements for systems implemented according to the system specification. In addition, ISO 21111-7
defines the channels for tests of transceivers with a test wiring harness that simulates various electrical
communication channels.
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ISO 21111-8 specifies the transmission media, the channel performance and the tests for
ISO/IEC/IEEE 8802-3 in-vehicle Ethernet.

ISO 21111-9 specifies the data link layer requirements and conformance test plan. It specifies the
requirements and test plan for devices and systems with bridge functionality.

ISO 21111-10 specifies the application to network layer requirements and test plan. It specifies the
requirements and test plan for devices and systems that include functionality related with OSI layers
from 3 to 7.

Figure 1 shows the parts of the ISO 21111 series and the document structure.

r——=—==9 -7 - -"-"F-"-"-""-"-" - - --------- - - -"¥- ¥V - V_ _ _ _ T T~ T~ T~ T~ T T T T T T T T T T T T T
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Data link
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ISO 21111-6 Electrical
100-Mbit/s physical

0SI Layer 1 requirements and system requirements entity requirements layer system
Physical conformance test plan and test plans and conformance test requirements and tesg
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Road vehicles — In-vehicle Ethernet —

Part 2:
Common physical entity requirements

Thi

ind

The

trajsmission of in-vehicle Ethernet are not in the scope of this document.

2

Thd
con
und

ISO

Scope
5 document specifies the following items to complement ISO/IEC /IEEE 8802-3:

interface between reconciliation sublayer and physical entity including neduced gig
bpendent interface (RGMII);

physical media and transmission bit rate.

optical and electrical component requirements and test nmiethods for optical and

Normative references

following documents are referred to in the textdn such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

21111-1, Road vehicles — In-vehicle Ethernet — Part 1: General information and definitiong

JED

JEDEC - JESD8-5A:2006, 2.5V # 0.2.V'(Normal Range) and 1.8 V - 2.7 V (Wide Range) Power Sup
and|Interface Standard for Nonterminated Digital Integrated Circuits

JED
Vol

For

ISO

C-JESD8C.01:2006, Interface Standard for Nominal 3 V/3.3 V Supply Digital Integrated C

C - JESD8-7A:1997, 1.8 V' # 0.15 V (Normal Range) and 1.2 V - 1.95 V (Wide Range) Po
age and Interface Standard for Nonterminated Digital Integrated Circuits
Terms and‘definitions
the purposes of this document, the terms and definitions given in ISO 21111-1 and the follo

and [E€ maintain terminological databases for use in standardization at the following ad

hbit media

common physical entity wake-up and synchronised link sleep functionalities independent from

electrical

Pir content
pplies. For
[s) applies.

rcuits

ply Voltage

wer Supply

wing apply.

dresses:

ISA QOnline hrn\/\lcing p]nffnrm- available at https://www.iso org/obp

3.1

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

double data rate
DDR

data transmission scheme, in which the data is transferred on both the rising and falling edges of the
clock signal

3.2
eve

nt

piece of management information exchanged between a calling physical entity and a called physical
entity
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4 Abbreviated terms

DoD delay on destination
DoS delay on source

GMII gigabit media independent interface

1/0 input and output
MAC media access control
MDC rhanagement data clock

MDIO rhanagement data input/output

MII media independent interface
N/A rjot applicable
PHY physical layer

RGMII  reduced gigabit media independent interface
RTBI reduced ten-bit interface
RX receiver

TX transmitter

5 Media independent interfaces

5.1 General

ISO/IEC/IHEE 8802-3 specifies several, speed-specific interfaces which are recommended for [the
communication between the reconciliation sub-layer and the PCS sub-layer. Two of the recommended
interfaces pre MII, used for10-Mbit/s and 100-Mbit/s capable physical entities, and GMII for 1-GHit/s
capable physical entities.

ISO/IEC/IREE 8802-3:201Z~Clause 22 specifies MII and ISO/IEC/IEEE 8802-3:2017, Clause| 35
specifies QMII.

D

GMII signals, TXD and RXD, as specified in ISO/IEC/IEEE 8802-3:2017, Clause 35 are 8-bits wide. A
direct mapping of-thé TXD or RXD 8-bits wide signals of the GMII interface into eight electrical lings is
a drawback for some implementations. A mapping from GMII signals to a reduced set of electrical ljnes
is specified in-5.2.

5.2 RGMII

5.2.1 General

The RGMII architecture (see Figure 2) is composed by the mapping of the GMII interface into a reduced
set of signal lines, the reduced set of signal lines, and the de-mapping from the reduced set of signal
lines into the GMII interface. In this subclause RGMII signal lines are the reduced set of signal lines in

Figure 2.

The RGMII transmitter side adapter shall adapt the GMII signals to the RGMII signal lines in the
reconciliation sub-layer side. The RGMII receiver side adapter shall adapt the RGMII signal lines to the
GMII signals in the PCS sub-layer side.

2 © IS0 2020 - All rights reserved
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5.2.2 specifies the RGMII signal lines. Each RGMII signal line is able to transmit an electrical signal.
5.2.3 specifies the RGMII electrical signal voltage levels and 5.2.4 specifies the RGMII electrical signal
timing. 5.2.5 specifies how the GMII signals shall be mapped to the RGMII signal lines and vice versa.

All signals transmitted in an electrical signal line shall be conveyed with positive logic except if it is
specified differently.

An electrical signal line shall be at logic high when it is at a voltage level greater than certain threshold.
This threshold depends on the RGMII signal line nominal voltage.

An electrical signal line shall be at logic low when it is at a voltage level lower than certain threshold.
Thifthreshold depends on the RGMIT signal line nominal voltage.

B

JEDEC - JESD8C.01:2006 shall be used for the thresholds for RGMII signal line voltage of 3,3 \
JEDEC - JESD8-5A:2006 shall be used for the thresholds for RGMII signal line voltagelof 2,5 V]|
JEDEC - JESD8-7A:1997 shall be used for the thresholds for RGMII signal line voltage of 1,8 V.

5.2]2 RGMII signals
Figlire 2 shows the architecture of the RGMII interface.

Theg RGMII is a full-duplex bidirectional interface and transfers-data simultaneously in both|directions.
Thg RGMII connects the upper GMII and the lower GMII inteffaces by means of adapters, whjch convert
GM]I signals to RGMII signals and vice versa.

The signals of each of the interfaces are grouped by &he signal flow direction. The signalg going in a
downward direction in Figure 2 compose the transmit path, and the signals going in an upward
dirgction compose the receive path. The transmitter side adapter is the signal source in|the RGMII
trapsmit path and the receiver side adapter is the signal source in the RGMII receive path.

© IS0 2020 - All rights reserved 3
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Reconciliation sub-layer

Upper GMII T [ ] A A A AMMMA T ypperGMI
transmit path IBRERES — [ T receive path
TXD7, TXD3, RXD7, RXD3,
TXD6, TXD2, — , 4A11TT1TTH 1T T« RXD6, RXD2,
TXD5, TXD1, T T RXD5, RXD1,
Upper TXD4, TXDO RXD4, RXDO
GMII TX_ER %QD - Y RX_ER
TX_EN  — 1< Ioet—— 11— RXDV
GTX_CLK S 5 RX-CEK
VVVVVVVY ¥V A 4
RGMII adapter transmitter side
RGMII ] | A A  AAAA RGMII
fransmit path o - 1} receive path
TD3, RD3,
TD2, T K | [ RD2,
TD1, e e DT 11 RD1,
TDO RDO
RGMII
TX_CTL o q>< RX_CTL
TXC J ) =X RXC
VVYVYY A4
RGMII adaptér receiver side
Lower GMII JER RN NN A A A A Lower GMII
transmit path HHHH a1 [ T receive pgth
TXD7, TXD3, RXD7, RXD3,
TXD6, TXD2, [T AT T« RXD6, RXD2,
TXD5, TXD1, TR T RXD5, RXD1,
Lower |TXD4, TXDO RXD4, RXD0O
GMII TX_ER o o4 RX_ER
TX_EN e >4 RX_DV
GTX_CLK s 5 RX_CLK
VVVVVVVVY ¥V A4
PCS
Figure 2—R6G6Marchitecture

Table 1 specifies the conversion of the GMII signals to the RGMII signals in the transmit path at the
transmit side. The signals in the column “RGMII adapter internal signals” are only available inside the
adapter and are used to convert the GMII signals. All GMII electrical signals are only valid during the
rising edge of the GTX_CLK signal, whereas the RGMII adapter internal signals are valid during both
edges of the A_TXC signal.

4 © IS0 2020 - All rights reserved
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Table 1 — Conversion table for adapter at transmit side in transmit path

GMII signal RGMII adapter internal signal RGMII signal Remark
TXC rising edge |TXC falling edge

GTX_CLK A_TXC TXC N/A

TX_EN A_TXEN N/A TX CTL A_TXEN=TX_EN
TX_ER N/A A_TXERR - A_TXERR=TX_EN xor TX_ER
TXD7 N/A A_TD7 TD3 N/A

TXD6 N/A A_TD6 TD2 N/A

TXD5 N/A A_TD5 TD1 N/A

TXD4 N/A A_TD4 TDO N/A

TXD3 A_TD3 N/A TD3 N/A

TXD2 A_TD2 N/A TD2 N/A

TXDb1 A_TD1 N/A TD1 N/A

TXDPO A_TDO N/A TDO N/A

Table 2 specifies the conversion of the RGMII signals to GMII signals id-the transmit path at t

he receiver

sidg. The signals in the column “RGMII adapter internal signal” are 6nly available inside the adapter.
Table 2 — Conversion table for adapter at receiver side in transmit path
RGMII signal RGMII adapter internal signal GMII signal Remark
TXC rising edge |TXC falling edge
TX( A_TXC GTX_CLK N/A
xletL A_TXEN N/A TX_EN TX_EN=A_TXEN
1 N/A A_TXERR TX_ER TX_ER=A_TXEN xor A_TXERR
TD3 A_TD3 N/A TXD3 N/A
N/A ACTD7 TXD7 N/A
TDR A_TD2 N/A TXD2 N/A
N/A A_TD6 TXD6 N/A
TD1 A_TD1 N/A TXD1 N/A
N/A A_TD5 TXD5 N/A
TDY A_TDD N/A TXDO N/A
NyA A_TD4 TXD4 N/A

Table 3 specifies-the conversion of the GMII signals to RGMII signals in the receive path at t

he receiver

sidg. The sighals in the column “RGMII adapter internal signal” are only available inside the adapter.
Table 3 — Conversion table for adapter at receiver side in receive path
GMII signal RGMII adapter internal signal RGMII signal Remark
TXC rising edge |TXC falling edge
RX_CLK A_RXC RX_CLK N/A
RX_DV A_RXDV N/A TX CTL A_RXDV=RX_DV
RX_ER N/A A_RXERR - A_RXERR=RX_DV xor RX_ER
RXD7 N/A A_RD7 RD3 N/A
RXD6 N/A A_RD6 RD2 N/A
RXD5 N/A A_RD5 RD1 N/A
RXD4 N/A A_RD4 RDO N/A
RXD3 A_RD3 N/A RD3 N/A
© IS0 2020 - All rights reserved 5
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Table 3 (continued)

GMII signal RGMII adapter internal signal RGMII signal Remark
TXC rising edge TXC falling edge
RXD2 A_RD2 N/A RD2 N/A
RXD1 A_RD1 N/A RD1 N/A
RXDO A_RDO N/A RDO N/A

Table 4 specifies the conversion of the RGMII signals to GMII signals in the receive path at the transmitter
side. The signals in the column “RGMII adapter internal signal” are only available inside the adapter.

Table 4 — Conversion table for adapter at transmitter side in receive path

RGMII signal RGMII adapter internal signal GMII signal Remark

TXC rising edge |TXC falling edge

RXC A_TXC GTX_CLK N/A

RX CTL A_RXDV N/A RX_DV RX_DV=A_RXDV

N N/A A_RXERR RX_ER RX_ER=A-RXDV xor A_RXERR

RD3 A_RD3 N/A RXD3 N/A
N/A A_RD7 RXD7 N7A

RD2 A_RD2 N/A RXD2 N/A
N/A A_RD6 RXD6 N/A

RD1 A_RD1 N/A RXD1 N/A
N/A A_RD5 RXD5 N/A

RDO A_RDO N/A RXDO N/A
N/A A_RD4 RXD4 N/A

5.2.3 El¢ctrical signal voltage level

Figure 3 specifies RGMII electrical signal voltage levels.

The RGMI]| electrical signal nominal voltage level of a RGMII signal line shall be at least one of t}

values: 1,8|V, 2,5V or 3,3 V.

The 100 %[value shown in Figune 3 is the RGMII electrical signal nominal voltage level of a RGMII sig
line. All elgctrical signal veltage levels in this document are scaled with the RGMII electrical sig

nominal vdltage level.

ese

bnal
rnal
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RXC, TXC 50 %

20 %
0%

RD
TD
RX

5.2

5.2

Thd
Thd
dat

Thd
ling]
des

Dep
rec
eith

Thd

100 %
80 %

3, RD2, RD1, RDO
3, TD2, TD1, TDO 50 %

|CTL, TX_CTL

20 %
0%

Figure 3 — RGMII electrical sighal voltage level

4  Electrical signal timing

4.1 Signal delay mode

clock electrical signal is delayed with respect to the rest of the electrical signals transm
h interface. This delay is defined@s‘delay mismatch.

electrical interconnection<bétween source and destination of TX_CTL, TX_TDO to TX|
s shall have a maximum délay mismatch of 150 ps. The electrical interconnection between
fination of RX_CTL, RX_RDO to RX_RD3 signal line shall have a maximum delay mismatch

ending on the electrical signal direction specified in Table 1, the source is either
nciliation sub-layer side or the RGMII PCS sub-layer side, in the same way, the destina
er the RGMIlreeonciliation sub-layer side or the RGMII PCS sub-layer side.

RGMII shall support the following two signal delay modes.

Delay’on destination (DoD): all electrical signals in the data interface are transmitted ed

electrical signals transmitted through-the RGMII signal lines use the DDR data transfer scheme.

itted in the

D3 signal
source and
bf 150 ps.

the RGMII
fion side is

ge aligned.

5.2.

Delay on source (DoS): the source side already provides the delay mismatch of the clock
electrical signal parameters in DoS mode are specified in 5.2.4.3.

4.2 Electrical signal timing parameters in DoD mode

Figures 4 and 5, and Tables 5 and 6 define electrical signal timing in DoD mode.

© IS0 2020 - All rights reserved
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RXC,

TXC

tdutyHigh

TX_CTL, RX
TD3, TD2,]
RD3,RD2,

_CTL
'D1, TDO 50 %
RD1, RDO

;

tCDskewDoDTr

tDCskewDoDTr

tDCskewDoDTf

Figure 4 — Electrical signal timing parameters at source side in DoD mode

Table 5 — Duty cycle and skews at source side in DoD mode

tCDskewDoDTf

Symbol Paranieter name Minimum | Maximum
value value

(ns) (ns)

CqutyHigh clock duty cycle high minimum time 3,6 N/A

tautyLow clock duty cycle low minimum time 3,6 N/A

tpeskewBoDir | data to clock skew in DoD mode N/A 0,5
at signal source rising edge

teédsewnoptr | clock to data skew in DoD mode N/A 0,5
at signal source rising edge

tpeskewnDopTs | data to clock skew in DoD mode N/A 0,5
at signal source falling edge

tepskewnopts | €lock to data skew in DoD mode N/A 0,5
at signal source falling edge

© IS0 2020 - All rights reserved
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tdutyLow

3, RD2, RD1, RDO

Table 6 — Duty cycle'and skews at destination side in DoD mode

tCDskewDoDRr tDCskewDoDRf

tDCskewDoDRr

tCDskewDoDRf

Figure 5 — Electrical signal timingand skews at destination side in DoD mode

Symbol Parameter name Minimum | Maximum
value value

(ns) (ns)

tqutyHigh clock duty cycle high minimum time 3,6 N/A

EdutyLow clock duty cycle low minimum time 3,6 N/A

tpésrewnoprr | data to clock skew in DoD mode at signal N/A 0,65
destination rising edge

tepskewboprr | Clock to data skew in DoD mode at signal N/A 0,65
destination rising edge

tpeskewDoprs | datato clock skew in DoD mode at signal N/A 0,65
destination falling edge

tepskewnoprf | clock to data skew in DoD mode at signal N/A 0,65
destination falling edge

5.2.4.3 Electrical signal timing parameters in DoS mode

Figures 6 and 7, and Tables 7 and 8 define electrical signal timing in DoS mode.
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Figure 6 — Electrical signal timing parameéters at source side in DoS mode

Table 7 — Duty cycle and sKews at source side in DoS mode

10

Symbol Parameter name Minimum | Maximum
value value

(ns) (ns)

CautyHigh clockduty cycle high minimum time 3,6 N/A

dutyLow clock duty cycle low minimum time 3,6 N/A

tpcskewDosTr data to clock skew in DoS mode at 1,2 N/A
signal source rising edge

tepskewDosTr |clock to data skew in DoS mode at 1,2 N/A
signal source rising edge

thcskewDosTs |data to clock skew in DoS mode at 1,2 N/A
signal source falling edge

tepskewDosTs | Clock to data skew in DoS mode at 1,2 N/A
signal source falling edge
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Figure 7 — Electrical signal timing parameters at destination side on DoS mo

Table 8 — Duty cycle and skews at destination side in DoS mode

le

Symbol RParameter name Minimum | Maximum
value value

(ns) (ns)

tqutyHigh clock duty cycle high minimum time 3,6 N/A

tqutyLow clock duty cycle low minimum time 3,6 N/A

tpcskebrbosry |data to clock skew in DoS mode at 1,05 N/A
signal destination rising edge

topskewDosrr | lock to data skew in DoS mode at 1,05 N/A
signal destination rising edge

tpcskewDosrf | data to clock skew in DoS mode at 1,05 N/A
signal destination falling edge

tepskewbosrf | €lock to data skew in DoS mode at 1,05 N/A
signal destination falling edge

5.2.4.4 General parameters

Table 9 specifies the other general RGMII parameters.
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Table 9 — General RGMII parameters

Symbol Parameter Minimum | Maximum | Units Remarks
value value
tR hax ® maximum signal rise time N/A 1 ns from 20 % to 80 %
tF o @ maximum signal fall time N/A 1 ns from 80 % to 20 %
a3 tRaxand tF ., are measured for a load of 5 pF at the source side.

5.2.5 M4gpping GMII signals into RGMII electrical signals

In this subflause the mapping of GMII signals into RGMII electrical signals that are transmitted by|the
RGMII signal lines is specified. The voltage of the RGMII data and control electrical signals/s sampled
in the rising and in the falling edge of the corresponding reference clock. This technique makes|the
number of electrical lines used for transmitting the data half, compared with a direct'GMII mapping.

TXD<7:0>,[TX_ER, TX_EN and TXC are GMII signals as defined in ISO/IEC/IEEE8802-3:2017, Clausq 35.
Each of th¢ bits that compose these signals is equal to a logical high or a lggical low that is sampled
when the TXC signal changes its logical status from logical low to logical high:

RXD<7:0>,| RX_ER, RX_DV and RXC are also GMII signals as defined<in ISO/IEC/IEEE 8802-3:2p17,
Clause 35. [Each of the bits that compose these signals is equal to a’logical high or a logical low that is
sampled when the RXC signal changes its logical status from logieal low to logical high.

Two varialjles are defined as:

— TXERR = TX_ER (XOR) TX_EN

— RXERR =RX_ER (XOR) RX_DV
Where (XOR) is the logical "exclusive or" functien.

TXERR takes a new value when the TXC signal changes its logical status from logical low to logical hligh.
RXERR tales a new value when the RXGsignal changes its logical status from logical low to logical hligh.

The RGMIIfmapping functionality is specified as below.

The logical values in the bits TXD<3:0> shall be mapped into their corresponding voltage values of|the
RGMII signlal lines TD3, TD2,\I'D1 and TDO when the TXC signal changes its logical status from logical
low to logikal high. The logieal values in the bits TXD<7:4> shall be mapped into their corresponding
voltage valjues of the RGMIT signal lines TD3, TD2, TD1 and TDO when the TXC signal changes its logical
status from logical high'to logical low.

The logical valuesiin the bits RXD<3:0> shall be mapped from their corresponding voltage values of|the
RGMII signlal 11nes RD3 RD2 RD1 and RDO When the RXC 51gnal changes its loglcal status from logical
ling
voltage Values of the RGMII 51gnal llnes RD3 RD2, RD1 and RDO when the RXC 51gnal changes its logical
status from logical high to logical low.

The logical values in the bit TX_EN shall be mapped into their corresponding voltage values of the
RGMII signal line TX_CTL when the TXC signal changes its logical status from logical low to logical high.
The logical value in the variable TXERR shall be mapped into their corresponding voltage values of the
RGMII signal line TX_CTL when the TXC signal changes its logical status from logical high to logical low.

The logical values in the bit RX_EN shall be mapped from their corresponding voltage values of the
RGMII signal line RX_CTL when the RXC signal changes its logical status from logical low to logical high.
The logical value in the variable RXERR shall be mapped from their corresponding voltage values of the
RGMII signal line RX_CTL when the RXC signal changes its logical status from logical high to logical low.
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6 Wake-up and synchronised link sleep functionality

6.1 General

This clause specifies service primitives, events, algorithms and state machine used to define the
transition between the power states of a physical entity.

It also specifies timing requirements to complete the defined algorithms.

The requirements given in this clause are mandatory for physical entities compliant to the ISO 21111
seriesthat implement a wake-up and synchronised link sleep anr‘finnq]ify, independently of the Signal

bit fate or physical media used.

6.2 Power state, algorithms, and service interfaces

In the case of discrepancy between a figure specifying state machine and the $pecification [in the text,
thelstate machine prevails.

The value of the service primitive parameter and variables follows(a)positive logic, where TRUE
corresponds to logical high and FALSE corresponds to logical low heredfter.

The physical entity has a variable that describe its power state:

— |pd_status.

The pd_status variable indicates that the physical entityisiin low-power consumption mode
The physical entity power supply is the power supply. that provides energy to the physical entity.
The physical entity power supply has a variablecthat describe its power state:
— |power_off_entity.

The power_off_entity variable indicates-that the physical entity power supply is in power offimode.

When the physical entity power supply is in power-off mode, it shall still provide enough|current to
enaple the detection of a signaltin'the MDI (see 6.11).

The physical entity may control the power_off_entity variable.

The physical entity shallbe in one of the two following power states:
— |sleep, or

— [normal.

The power-state of the physical entity is defined by the value of pd_status variable.

Thephysical entity in sleep power state shall have its pd_status variable set to TRUE
The physical entity in normal power state shall have its pd_status variable set to FALSE.
The physical entity in sleep power state shall be able to detect a wake signal at the MDI (see 6.11).

The state diagram of Figure 8 specifies the transitions between the power states of the physical entity.

In Figure 8 the presence of NPHY Wakeup_Forward.request service primitive (see 6.9.1) with its
parameter nphy_inh_sleep_req equal to TRUE is denoted as NPHY_Wakeup_Forward.request == TRUE.

Additionally, the presence of PHY WakeUp.request service primitive (see 6.8.3) is denoted as PHY_
WakeUp.request == TRUE.

© IS0 2020 - All rights reserved 13


https://standardsiso.com/api/?name=4baf3f637ac03bcd8dd82071d4b15ec3

1ISO 21111-2:2020(E)

power_off_entity == TRUE

Sleep
pd_status <= TRUE

A 4

(link_sleep_s
(power_off g

(WakeUp_request == TRUE) OR
(NPHY_WakeupForward.request ==TRUE
(PHY_WakeUp.request == TRUE) .OR

uccess == TRUE) OR X
(power_off_entity == FALSE)

ntity == TRUE)

Normal

pd_status <= FALSE

Figure 8 — Physical entity power state diagram

OR

The physicpl entity shall support two algorithms for the transitions between the power states:

— synchtonised link sleep algorithm, and

— wake-yip algorithm.

The synchfonised link sleep algorithm defines how to perform a synchronised transition from|the
normal power state to the sleep powet state simultaneously in two physical entities which have an
established link. One of two physicalentities is a calling physical entity that starts the algorithms by
instance of its MAC layer. The othér is a called physical entity that starts the algorithms by instande of
its link parjtner.

A configurption to refuse thejyrequest from the called physical entity to go to the sleep power state nay
be providef (see 6.4).

The wake-up algorithim defines how to perform a fast transition from sleep power state to norjmal
power state of a ealléd physical entity. The called physical entity may be a neighbour or a link par{ner
(see 6.5).

Figure 9 speeities—the—physicalentity—serviceprimttives—thatmay beusedby—the—wakeup—and

synchronised link sleep algorithms.

The service primitives are specified for all physical entities defined in the ISO 21111 series,
independently of the signal bit rate or physical media used.

14
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PHY service interface

PHY_1: PHY_LinkSleep.request

PHY_2: PHY_LinkSleep.indication

PHY_3: PHY_LinkSleepRequestEvent.indication
PHY_4: PHY_WakeUp.request PHY 1| PHY 2| PHY 3
PHY_5: PHY_WakeUp.indication N N N
PHY_6: PHY_ConfigSleepReject.request
PHY_7: PHY_SleepStatus.indication

PHY_8: PHY_LinkSleepRequestAbort.request

PHY_4| PHY_5 PHY_6| PHY_7| PHY_8

Forwarding

Neighbour service interface Physical entity
NPHY_1: NPHY_WakeUpForward.request
NPH, LY \Walelploamyard indication

=D

MDI (TX) MDI (RX)

N

Figure 9 — Physical entity serviceQ)ﬁ)nitives

Tw¢ service interfaces are defined: \\

a) |PHY service interface is defined between a physic%séx\?tity and MAC layer. The PHY servige interface
provides the following service primitives: \(\

— PHY_LinkSleep.request (see 6.8.1), .\®$
— PHY_WakeUp.request (see 6.8.3), \O

— PHY_WakeUp.indication (see,g@\g), and

— PHY_ConfigSleepReject.request (see 6.8.5).

Additionally, the PHY sel@: interface may provide the following service primitives:
— PHY _LinkSlee .@ication (see 6.8.2),

— PHY_SleepS@us.indication (see 6.8.6),

— PHY_Li eepRequestEvent.indication (see 6.8.7), and
— P@inkSleepRequestAbort.request (see 6.8.8).

b) wﬁour service interface is defined between physical entities that are neighbours, thg neighbour
service interface provides the following service primitives:

— NPHY_WakeUpForward.request (see 6.9.1), and

— NPHY_WakeUpForward.indication (see 6.9.2).

Four events, which are transmitted between two physical entities in different devices, are defined:
— LinkSleep_request,

— LinkSleep_acknowledge,

— LinkSleep_reject, and

— WakeUp_request.
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The events, service primitives and algorithms specification details depend on the bit rate and physical
media used. They are specified in the following parts of the ISO 21111 series:

ISO 21111-3 for 1 Gbit/s over plastic optical fibre and
[SO 21111-6 for 100 Mbit/s over single twisted pair.

6.3 Neighbour physical entities

A device m

ay include:

one or

one foj

one wd

All physicall entities in a device shall share the same power supply.

Two or mo

The forwa
service pr
NPHY_Wak
functional

The wake |

The forwalrding glue logic functionality of NPHY WakeUpForward.indication service primitive
le NPHY_WakeUpForward.request service primitives is not in the scope of this document.

generate t

The maxin
glue logic t
6.10.2.6.

An example of a device with two physical‘entities, a wake 1/0 functional entity and forwarding

logic limite

more physical entities,
warding glue logic, and

ke 1/0 functional entity.

e physical entities in the same device are defined as neighbour physical‘entities.

rding glue logic is a functional entity that processes the NPHY WakeUpForward.indica
mitives from the physical entities and the wake I/O functional entity to generate
eUpForward.request service primitives to each of the physical entities and the wake
entity.

0 functional entity is specified in 6.6.

um timing delay from any NPHY_WakeUpFEorward.indication at the input of the forwarg
0 any NPHY_WakeUpForward.request'generated by the forwarding glue logic is specifie

d by dotted line is shown in Figure 10.

fion
the
1/0

b to

ling
d in

rlue
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Device

PHY PHY
service service
interface interface Neighbour

service
DAV Forwarding glue

Physical entity

Physical entity Wake !,/Q

Neighbour Neighbour
service service
interface interface

MDI (TX) MDI (RX) MDI (TX) MDI (RX)

Physical media Physical media

QQ Another devicz

Figure 10 — Example of a device with two physica& ities, wake I/0 and forwarding|glue logic
s&‘

6.4 Synchronised link sleep algorithmA\e.

Thip subclause defines two events that thé_ synchronised link sleep algorithm exchange bg¢tween the
calling physical entity and the called p}gblcal entity:

— |successful synchronised link sl@p event, and

— |rejected synchronised lil@kep event.

A succcessful synchronis gﬁk sleep exchange of events follows the next sequence:

1) |the calling ph)@& entity shall receive a PHY_LinkSleep.request service primitiv¢ from the
MAC layer; Q

2) |the callin ysical entity shall generate a LinkSleep_request event that is transmitted to its link
partne

3) %er a LinkSleep_request event is received, and the link partner is configured tq not reject
t@x request, the called physical entity shall respond to the calling physical entity with a|LinkSleep_
acknowledge event;

4) thelink partner may generate the optional PHY_LinkSleepRequestEvent.indication service primitive
and may allow its MAC layer aborting the sleep procedure. In case that the link partner MAC layer
aborts the sleep procedure, the link partner shall not generate the LinkSleep_acknowledge event
[see 3)];

5) when the LinkSleep_acknowledge event is received by the calling physical entity, and further media
dependent optional conditions are fulfilled, the calling physical entity shall set its internal variable
link_sleep_success to TRUE and may generate the PHY_LinkSleep.indication service primitive with
the link_sleep_success parameter set to TRUE.
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A rejected synchronised link sleep exchange of events follows the next sequence:

—

on

a) the calling physical entity shall receive a PHY_LinkSleep.request service primitive from the
MAC layer;

b) the calling physical entity shall generate a LinkSleep_request event that is transmitted to its link
partner;

c) if the link partner is configured to reject the LinkSleep_request event or the MAC layer of the link
partner aborts the LinkSleep_request, the link partner shall respond to the calling physical entity
with a LinkSleep_reject event, when the LinkSleep_request event is received;

d) in the|case that the link partner implements the optional PHY_LinkSleepRequestEvent.indjcat
service primitive, it shall be generated and sent to MAC layer of the link partner;

e) when the LinkSleep_reject event is received by the calling physical entity, the calling physical en

shall st its internal variable link_sleep_success to FALSE and shall generate the.PHY_LinkSl
indication service primitive with the link_sleep_success parameter set to FALSE.

A timeout ¢f the LinkSleep_acknowledge event may be also interpreted as a validhinkSleep_reject e

6.5 Wa

When a trg
shall gener
Additional
it received

Additional
the physic
parameter

When a tra
shall gener

The transi

specified i Figure 8:

a Wak

a NPH]

a PHY

6.6 Wak
The wake |

e-up algorithm

nsition from the sleep power state to the normal power stdte is produced, the physical en
ate the service primitive NPHY WakeUpForward.indication with its parameter set to TK
y, the physical entity shall generate and send to its linkpartner a WakeUp_request, exce
the WakeUP_request from this link partner.

bl entity shall generate the service primitive NPHY WakeUpForward.indication with
set to TRUE.

nsition from the normal power state.to the sleep power state is produced, the physical en
ate the service primitive NPHY_WakeUpForward.indication with its parameter set to FAl

Fion from the sleep power state to the normal state is produced in the following cases

pUp_request event is received from the link partner, or
_WakeUpForward.request with its parameter set to TRUE is received from the glue logi

WakeUp.request is received from the MAC layer.

e /0 block

O-block shall convert the presence of the incoming service primitive NPHY_ WakeUpForw

tity
bep.

ent.

tity

UE.
bt if

y, when a WakeUp_request event is received ‘from the link partner on an active link,

its

tity
LSE.

, dS

[, OT

hrd.

request (se

e &0 1) into an electrical cigna] inthe WAKE 10 (TY) interface

When the incoming service primitive NPHY WakeUpForward.request has its parameter equal to
TRUE, the electrical signal generated in the WAKE_IO (TX) shall change from a low-voltage level to a
high-voltage level and maintain such voltage level during 40 pus at minimum. Otherwise, the wake 1/0

functional

entity shall not generate any electrical signal.

Additionally, the wake I/0 functional entity shall convert an electrical signal consisting of a transition
from low-voltage level followed by a high-voltage level with duration of more than 40 ps in the WAKE_
10 (RX) interface into a service primitive NPHY_WakeUpForward.indication with its parameter set to
TRUE (see 6.9.2).

18
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An electrical signal consisting of a transition from low-voltage level followed by a high-voltage level
with duration below 10 ps incoming to the WAKE_IO (RX) shall not generate an NPHY_WakeUpForward.
indication with its parameter set to TRUE (see 6.9.2).

When the incoming service primitive NPHY_WakeUpForward.request has its parameter set to TRUE,
the electrical signal generated in the WAKE_IO (TX) shall be a change from a low-voltage level to a
high-voltage level and shall maintain such voltage level during 490 ms at minimum and 510 ms at a
maximum. Then, the electrical signal shall return to the low-voltage level.

In this case, the wake [/0 functional entity shall convert an electrical signal consisting of a transition
from low-voltage level followed by a high-voltage level with duration between 20 ms and 500 ms in the

WA
set

An
dur]
ind

NO1
this

NOT
pins

6.7

6.7

Thd
spe

E1l
document.

E2

Physical entity power state

1 Physical entity power state variables

Table 10 — Physicdl entity power state machine variables

KE_IO (RX) interface into a service primitive NPHY_WakeUpForward.indication with its
fo TRUE (see 6.9.2).

blectrical signal consisting of a transition from low-voltage level followed by a high-voltag
htion below 10 ms incoming to the WAKE_IO (RX) shall not generate an NRHY Wakel
cation with its parameter set to TRUE (see 6.9.2).

The electric voltage of the low and high-voltage levels defined in this subclause is out of

physical entity power state machine variables used in power state machine (see Fig
Cified in Table 10.

parameter

b level with
pForward.

the scope of

An inhibit pin (INH) for switching on the power supply is notiin the scope of this document. Inhibit
can be open-collector, active high.

ure 8) are

Variable Description Value Remark
pd fstatus Physical entity is in low-power con-|TRUE The physical entity is ir] low-power
sumption mede. consumption mode.
FALSE The physical entity is notlin low-pow-
er consumption mode.
power_off_entity [Physieal entity power supply is in|TRUE The power supply conngcted to the
power-off mode. physical entity is in powgr-off mode.
FALSE The power supply connpcted to the

physical entity is not ih power-off

mode.

linK

_sleepdsuccess

The synchronised link sleep exchange
of events is successful.

TRUE

Synchronised link slee
is successful (see 6.4).

b algorithm

When avalue is assigned to this vari-
able, the value of the variable shall be
copied into the parameter link_sleep_
success of PHY_LinkSleep.indication
and the service primitive shall be
generated (see 6.8.2).

FALSE

Synchronised link sleep algorithm

is failed (see 6.4).

6.8 PHY service interface

6.8.1 PHY_LinkSleep.request

PHY_LinkSleep.request requests a synchronous transition to the sleep power state of a physical entity
and its link partner.
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Table 11 specifies PHY_LinkSleep.request service primitive.

Table 11 — Specification of PHY_LinkSleep.request

Item Description

Semantic PHY_LinkSleep.request(void)

Parameters None

Generation The MAC layer shall generate a PHY_LinkSleep.request. It is present just at the time necessary

to make a transition in the physical entity power state machine (Figure 10) in accordance with
the synchronised link sleep algorithm (see 6.4).

Effect of refeipt

The calling physical entity shall generate a LinkSleep_request to the link partner to ifit]ate
synchronised link sleep algorithm.

6.8.2 PHY_LinkSleep.indication

PHY_LinkSleep.indication indicates to the MAC layer whether a previous PHY_LinkSleep.request at|the
calling physical entity is successful or whether a PHY_LinkSleep.request from the link partner leads to

a successfyl synchronous link sleep.

Table 12 specifies PHY_LinkSleep.indication service primitive.

Table 12 — Specification of PHY_LinkSleeptindication

Item Description
Semantic PHY_LinkSleep.indication(link_sleep_success)
Parameters The link_sleep_success parameter shall have one of the following values:
— TRUE: the previous PHY_LinkSleep.request (see 6.8.1) generated from upper layers or ffom
alink partner is successful as described-in 6.4;
— FALSE: the previous PHY_LinkSleep.request (see 6.8.1) is not successful as described in j.4.
Generation The calling physical entity shall(génerate a PHY_LinkSleep.indication, when either the Link-
Sleep_acknowledge or the LinkSleep_reject is received from link partner.
Effect of refeipt IMAC layer is informed about‘the success of previously requested synchronised link sleep.

6.8.3 PHY_WakeUp.request

PHY_WakelJp.request requests’to wake up the physical entity and its link partner.

Table 13 specifies PHY_WakeUp.request service primitive.

Table 13 — Specification of PHY WakeUp.request

Item Description

Semantic PHY WakeUp.request(void)

Parameters None

Generation The datalink layer shall generate a PHY_WakeUp.request. It is present just at the time necessary
to make a transition in the state machine in accordance with the wake-up algorithm.

Effect of receipt | The physical entity which received a PHY_WakeUp.request shall generate a WakeUp_request in
the wake-up algorithm.

6.8.4 PHY_WakeUp.indication

PHY_WakeUp.indication indicates to the MAC layer the reception of a WakeUp_request event.

Table 14 specifies PHY_WakeUp.indication service primitive.

20
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Table 14 — Specification of PHY_WakeUp.indication

Item Description

Semantic PHY_WakeUp.indication(void)

Parameters None

Generation The physical entity shall generate a PHY_WakeUp.indication when the physical entity receives
a WakeUp_request.

Effect of receipt | The MAC layer is informed about the reception of a WakeUp_request.

reauast
T EqTEoT

PHY_ConfigSleepReject.request configures if the physical entity accepts the LinkSleep irefiuest from
the[link partner to make the transition to the sleep power state.

Table 15 specifies PHY_ConfigSleepReject.request service primitive.

Table 15 — Specification of PHY_ConfigSleepRejectirequest

Item Description
Serhantic PHY_ConfigSleepReject.request (mng_sleep_reject)
Parfameters The mng_sleep_reject parameter shall have one of the following values:

— TRUE: the physical entity shall reject or ignere any LinkSleep_request from the llink partner
to perform a synchronised link sleep;

— FALSE: the physical entity shall accept any LinkSleep_request from the link| partner to
perform a synchronised link sleep.

Gerjeration The MAC layer shall generate a PHY_€onfigSleepReject.request.

Effe¢ct of receipt | The value of the mng_sleep_rejectparameter may be copied to a calling physical entjity variable
and be used in the state machine in accordance with the synchronised link sleep algorithm.

6.8)J6 PHY_SleepStatus.indication

PHY_SleepStatus.indication indicates to the MAC layer the power state of the physical] entity as
defjned in 6.2.

Table 16 specifies PHY_SleepStatus.indication service primitive.

Table 16 — Specification of PHY_SleepStatus.indication

Item Description
Serhantic PHY_SleepStatus.indication (sleep_status)
Parfametess The sleep_status parameter shall have one of the following values:

— NORMAL: the physical entity is in the normal power state;

— SLEEP: the physical entity is in the sleep power state.

Generation PHY_SleepStatus.indication shall be generated by the physical entity when its power state
changes.

Effect of receipt |The MAC layer is informed about the power state of the physical entity.

6.8.7 PHY_LinkSleepRequestEvent.indication

PHY_LinkSleepRequestEvent.indication indicates to the MAC layer whether a LinkSleep_request is
received from its link partner.

Table 17 specifies PHY_LinkSleepRequestEvent.indication service primitive.
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Table 17 — Specification of PHY_LinkSleepRequestEvent.indication

Item Description

Semantic PHY_LinkSleepRequestEvent.indication(void)

Parameters None

Generation The physical entity shall generate a PHY_LinkSleepRequestEvent.indication due to the reception
of a LinkSleep_request from the link partner.

Effect of receipt |The MAC layer is informed about the reception of a LinkSleep_request from the link partner.

6.8.8 Pw.request
PHY_LinkSleepRequestAbort.request aborts the current synchronised link sleep algorithm.

Table 18 specifies PHY_LinkSleepRequestAbort.request.

Table 18 — Specification of PHY_LinkSleepRequestAbort.request

Item Description

Semantic PHY_LinkSleepRequestAbort.request (void)

Parameters None

Generation The MAC layer shall generate PHY_LinkSleepRequestAbortirequest.

Effect of refeipt [ The current synchronised link sleep algorithm is abortéd and returns to the initial state.

6.9 Neighbour service interface

6.9.1 NPHY_WakeUpForward.request

This servige primitive may be received from the~forwarding glue logic that composes this seryice
primitive from the NPHY_WakeUpForward.indication service primitive of the neighbour phydical
entities anfl from the wake I/0 functional entity (see Figure 10).

Table 19 sylecifies NPHY_WakeUpForward.request service primitive.

Table 19 — Specification of NPHY_WakeUpForward.request

Item Description
Semantic NPHY_WakéUpForward.request(nphy_inh_sleep_req)
Parameters The nphy inh_sleep_req parameter shall have one of the following values:

— ~TRUE: the physical entity shall not be able to make the transition from sleep prepare to sl¢ep;
—_"FALSE: the physical entity shall be able to make the transition from sleep prepare to sl¢ep.

Generation NPHY_WakeUpForward.request shall be generated by the forwarding glue logic that compdses
this service primitive from the NPHY WakeUpForward.indication of the neighbour physjcal
entities and the wake 1/0 functional entity.

Effect of receipt | The value of the nphy_inh_sleep_req parameter may be copied to a calling physical entity var-
iable and be used in the power state diagram (see Figure 8) in accordance with the wake-up
algorithm (see 6.5).

6.9.2 NPHY_WakeUpForward.indication

This service primitive may be generated by a physical entity and by a wake 1/0 functional entity to
forward to its neighbours if its power state is the normal power state.

Table 20 specifies NPHY_ WakeUpForward.indication service primitive.
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