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Figure 90-1—Relationship of the TimeSync Client, TSSI and gRS sublayer
relative to MAC and MAC Client and associated interfaces
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MAC Control (MACC) layers is not considered here! SEE327) || FAD !
FRAME CHECK SEQUENCE |

7 OCTETS PREAMBLE
1 OCTET SFD o
6 OCTETS DESTINATION ADDRESS |
6 OCTETS SOURCEADDRESS I
| ¥ OCTETS
2 OCTETS LENGTHITYPE 2 TRANSMITTED
o TOPTQBOTTOM

46 TO 1500 OR 1504 MAC CLIENT DATA
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. EXTENSION : '

Below the (g)RS (at ©) the time between @ and @ (T,,) is given
by <the number of bits contained in the Ethernet Frame> (L)
divided by <the nominal bit rate! of the xMlI> (Ry,)

(1) (2]

Preamble | SFD Ethernet Packet

(not to scale!) contiguous bit stream across the xMll (©) time

The bit stream across the xMll (at @) is contiguous

for TX and RX, independent of Interleaving 11 802.3:1.4.213 bit rate (BR)
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IEEE Std 802.3CH - Interleaving

(8 (1 (2 O 4 x 350 + 4 x 50 x 65
© A-001 A-002...A-050 B-001...B-050...D-050 —onthe xMIl
< > 4 x50 x 65
T@@ RMED = RM” X 1.108
)A-001 B-001 c-001 D-001 @ 9 o @
A-002 (@ A-001B-001C-001 D-001 A-002...A-050 B-050 C-050 D-050 A...B...C...D - on the medium
2 < T > time
60 @© A-001 A-002...A-050 B-001...B-050...D-050
- (8 (1 (2 O
1 < =
(33 Too
(1) | 3™
Lo
With Interleaving (here L=4), the actual PHY delay (TX: © to ® and
RX: ® to @) is technically not the same for all bits (see @ and @)!
A-050 B-050 C-050 D-050(°
(OAM) A | [ (OAM) B | | (OAMIC | | (OAM) D This is irrelevant, as both Tables 149-20 and 201-23 give xMll to
2 E - u g xMIl delays, with an assumed zero length (delay) medium.
o
A B H B D
A 2 = > The RS-FEC output superframe consists of L x 3600 bits
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IEEE Std 802.1AS and PHY Interleaving
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(not to scale!) contiguous bit stream across the xMll (@)
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Figure 8-2—Definition of message timestamp point, reference plane, timestamp
measurement plane, and latency constants
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IEEE Std 802.3CH — Section 149.10
Delay Limits

149.10 Delay constraints

In full duplex mode, predictable operation of the MAC Control PAUSE operation (Clause 31, Annex 31B) o8t Sl
also demands that there be an upper bound on the propagation delays through the network. This implies that REFERENCE HIGHER LAYERS
MAC, MAC Control sublayer, and PHY implementers conform to certain delay maxima, and that network LAYERS ; LLC (LOGIGAL LINK GONTROL) OR OTHER MAG GLIENT
planners and administrators conform to constraints regarding the cable topology and concatenation of APPLICATION / MAG CONTROL (OPTIONAL)
dev iCES N PRESENTATION / MAC—MEDIAACCESS CONTROL
SESSION // / | RECONGILIATION
: : . . <+ xom’
The [sum of the transmit and receive data delays|for an implementation of the PHY shall not exceed the TRANSPORT /’ b EEEEEEEEEEY
limits shown in Table 149-20. Transmit data delay is measured from the input of a given unit of data at the NETHORK / A 6451658 RS FEC PGS A
XGMII to the presentation of the same unit of data by the PHY to the MDI. Receive data delay is measured el tx o T rx
from the input of a given unit of data at the MDI to the presentation of the same unit of data by the PHY to ihikiatnlll RSN AN _M@ _______
MEDIUM
the XGMIL
! -
2.5GBASE-T1, 5GBASE-T1, or 10GBASE-T1
NOTE—The physical medium interconnecting two PHY's introduces additional delay in a link. Table 148-20—Delay Limits
Mode Interleave Bit times Pause Quanta Delay (ns)
2.5GBASE-T1 1x 10 240 20 4096
I . . 5GBASE-T1 Ix 10 240 20 2048
pe r I n e B |te m * 5GBASE-T1 2x 13 824 27 2764.8
ACH [M : |] > Atx + AI’X 10GBASE-T1 Ix 10 240 20 1024
10GBASE-T1 2x 13 824 27 1382.4
10GBASE-T1 4x 20480 40 2048
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MAC Control PAUSE Operation

IEEE Std 802.3CH

(dTA + dw + dRB) + dReact + dMTU + (dTB + dw + dra) ~ * dPause

dReact

dTotal = dPause +

dTotal = + + (dPause + dRreact + dMTU + 2dw) g
* Regroup transmit and receive of each path to be from same device A aTE
* dra, drB
dtotal = dA+ dB + do . dw
Where: . dwmu
* daand ds are PHY Delay limit specified by IEEE (i.e. Clause 149.10) reported
by vendor

RX buffer high water mark to pause frame generated on XGMII
Pause frame received on XGMII to TX buffer stopping traffic

XGMII to MDI PHY delay for vendor A and B
MDI to XGMII PHY delay for vendor A and B

Wire propagation delay. Assumed to be the same both direction

Duration of maximum size packet

Vendor A

Vendor B
dRB

TX Buffer [ MAE— 5> PHYTX PHYRX | MAC = RXBuffer
P
d
ﬂ?ause dra w drs dReact >
]
RX Buffer < MAC - PHYRX PHYTX g MAC |&=—"TX Buffer

IEEE 802.3dm Asymmetrical Electrical Automotive

Ethernet Task Force

https://www.ieee802.0org/3/dm/public/0326/Lo_3dm_01_030926.pdf

3/9/2026

Because the PAUSE control information passes through each PHY once in TX and once in RX

direction, only the sum (as specified in .3CH) of the two is relevant!

[2\XONNE
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Clause 90 TimeSync with
IEEE Std 802.3CH - MultiGig

ETHERNET ETHERNET
osl LAYERS LAYERS
REFERENCE
MODEL HIGHER LAYERS HIGHER LAYERS
LAYERS
/ LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT LLG (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT
APPLICATION / MAG CONTROL (OPTIONAL) MAC CONTROL (OPTIONAL)
PRESENTATION / MAC—MEDIA ACCESS CONTROL MAG—MEDIA ACCESS CONTROL
/
SESSION ;) | RECONGILIATION RECONCILIATION
< xamir! <4— XGMmIl!

TRANSPORT / /

NETWORK // ----------- B B
pataLNK |/ A [A]l PHY{ . A [AFX[A] Atx[B]l PHY{ ' F-‘:’IN»Z ' [Arx[B]

AN?

PHYSICAL e e 4o __ ' v < MDI |
/ Medium (a) /

- —

2.5GBASE-T1, 5GBASE-T1, or 10GBASE-T1 2.5GBASE-T1, 5GBASE-T1, or 10GBASE-T1

pDelay requested by A:
A = ARS['A‘] + Atx[A] + AM + Arx[B] + ARS[B] + Areact[B:I + ARS[B] + Atx[B] + AM + Arx[A] + ARS[’A‘]

pDelay

Latency of a Sync-Message from A to B:
ASync = ARS[A] + Atx[A] + AM + Arx[B] + ARS[B]
ETH=RNOVIA
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Clause 90 TimeSync with

IEEE P802.3dm — Asymmetric Ethernet

HS_PATH PHY_SHS_TX to PHY D HS RX
HS_RX High speed receiver
HS_TX High speed transmitter
P H Y D . LS TX _ S RX LS PATH PHY DLS TX to PHY SLS RX
—_ J ETHERNE LS RX Low speed r(:cciw:-r
osl LAYERS LS_TX Low speed transmitter
REFERENGE PHY D Device containing LS TX, HS RX (100M+ MultiGBASE-T1/V1)
MODEL HIGHER LAYERS PHY_S Device containing HS_TX, LS_RX (MultiG+100MBASE-T1/V1)
LAYERS Ny ~
/ LLG (LOGICAL LINK CONTROL) OR OTHER MAG CLIENT
APPLICATION / MAC CONTROL (OPTIONAL)
PRESENTATION / MAC—MEDIAACGCESS CONTROL
SESSION // y | RECONCILIATION
<+— xGmil'

TRANSPORT / /

NeTwork |/ /
/ A E 64B/65B RS-FEC PCS
DATA LINK Ltx PHY. VA

AN?
PHYSICAL DI

MEDIUM

2.5GBASE-T1, 5GBASE-T1, or 10GBASE-T1

/ Medium (Ay) /

pDelay requested by E:

ApDeIay

Latency of a Sync-Message from E to F:
ASync = ARS[E] + Ath[E] + AM + Aer[F] + ARS[I:]
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NETWORK
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PHYSICAL

PHY_S: HSLTX - LSIRX

ETHERNET
LAYERS
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/ MAC—MEDIAAGCESS CONTROL

RECONCILIATION

P e It T
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AN?

—_ Mor

-

2.5GBASE-T1, 5GBASE-T1, or 10GBASE-T1

= AgslE] + A L [E] + Ay + AL L[F] + Ags[F) + AreatlF] + Ars[F] + A [F] + Ay + Ay [E] + Ags[E]
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IEEE Std 802.1AS

Responder time-aware system

-

Initiator time-aware system

t

Figure 8-1—Propagation asymmetry

The meanLinkDelay is the mean value of ¢, and ¢, ie., meanLinkDelay = (¢; + t,;) / 2. The
delayAsymmetry is defined as:

t;,, = meanLinkDelay — delayAsymmetry

dA = (t; - t,)/2

t,; = meanlLinkDelay + delayAsymmetry

D =

IEEE Contribution

=54
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et h _ (—t)-(H-0)
2 2

egressTimestamp = egressMeasuredTimestamp + egressLatency
t ingressTimestamp = ingressMeasuredTimestamp — ingressLatency
1

t 4 where the timestamps relative to the reference plane, egressTimestamp and ingressTimestamp, are computed from the
timestamps relative to the timestamp measurement plane, egressMeasuredTimestamp and ingressMeasuredTimestamp,

respectively, using their respective latencies, egressLatency and ingressLatency. Failure to make these corrections results
in a time offset between the timeReceiver and timeTransmitter clocks.

Ms
Ingress A
timestamp — Media-dependent
2 / 4 measurement time-aware system
plane entities Egress
- — timestamp |
measurement
ingressLatency 1SS f plane 1/ 3
MAC egressLatency
t PHY
2 / 4 ————————————————— - Reference plane tl /3
00OCY XXX

O0OOOOACOOXXXKXXX _— P X000 XX . . . XOOOC Y XXX
Ingress event message

Egress event message

Message timestamp point Message timestamp point

Figure 8-2—Definition of message timestamp point, reference plane, timestamp
measurement plane, and latency constants

10

D=mLD =
(T, - iL[x]) - (T + eLly])) + (T4 -iL[y]) - (T3 + eL[x]))/2
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Conclusion

For PHY's with RS-FEC and Interleaving, the PHY delay (us) by far exceeds the
propagation delay on the wire (5ns/m) for automotive use-cases

The delayAsymmetry defined in IEEE Std 802.3AS:8.3 only accounts for the on wire
propagation, as all timestamps are mapped to the MDI according to 8.4.3

While for MAC Control PAUSE Operation in IEEE Std 802.3, the sum of TX and RX delays
is sufficient for symmetric MultiGig (.3CH), it is insufficient for asymmetric Ethernet (.3dm)

For IEEE 802.1AS we always need(ed) the one-way delay to correct Sync message
timestamps. This can not be measured at the MDI for PHY's with RS-FEC and Interleaving

One proposal could be to move the reference plane of IEEE Std 802.1AS to the .3 Clause
90 service interface and thereby include the PHY in the meanLinkDealy as well as in the
asymmetry considerations

Otherwise we should coordinate with 802.3 to have definitions and measuremnets for the
values required in .1AS
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