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L
Summary

« Laning above the MII is not yet at the stage of a proposal to adopt
— This presentation closes a number of issues, for discussion

 |f implemented, | would propose a new, standalone clause for
ponding 802.3cy PHYs, based on clause 143 principles with the
Imitations and modifications in this presentation

— Key modifications relative to clause 143:
* No rate adjustment
e Only a single MAC per set of bonded PHYs
 Static configuration of PHYs (means only one envelope start header)
* Run-time skew alignment through envelope continuation headers

« Simplified envelope header format, modified input process, same transmit
process,same receive process, modified output process

« Handle PHY faults
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Lane PMA + FEC + PCS at the Ml
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Key Feature Decisions

* Architecture: PHYs joined at RS layer, PCS/PMA separate at 25GBASE-T1
— NO CHANGES BELOW THE MIl - KEY PREMISE

 PHY-level Interface: 2x or 4x 25GMI|

* Functions in the RS:

Lane swap correction — straightforward — identify lane at startup or with markers
Skew correction, lane alignment
« Might be done at startup

 All existing high-speed laning has opted for inserting alignment markers in data stream (more
robust)

— Inserting alignment markers steals bandwidth (use interpacket gaps)

 |[F WE ARE WRONG ABOUT FIXING ALIGNMENT AT STARTUP, THE PHY WILL NEED TO
DROP LINK AND RETRAIN

XCoordinated control of PHY Resets

XNo standardized way to pass PHY resets up to the RS & coordinate multiple lanes
» No need to coordinate EEE — LPIs will be passed normally
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R
Alternative

* Define a completely new laning

— High speed laned PHY alignments are generally in the PCS,
not the MI|

— Define alignment markers in the PHY frames
e Unnecessary overhead in every 25Gb/s Ethernet link

— Define new interfaces for the 25G PHYs when laned
» Possibly different than 25GMl|
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B S
Clause 143 architecture

e Designed to work controlled by the MPMC b LACERS ETHERNET LAYERS
— EPON MAC control sublayer provides MCRS _CTRL [ appLication | HIGHERLAYERS ) HIGHERLAYERS
primitives not in Clause 4 MAC PRESENTATION /| muLTiPOINT MAC i |
. ] CONTROL (MPMC) | |
« MCRS binds a MAC to multiple xMlls SESSION [ wacor e Jwacien] [ maci -+« [macimy
— Each MAC is an “LLID” talking to multiple PCS/PMAs | TRANSPoRT " "| MULTFCHANNEL RECONGILIATION SUBLAYER (MCRS)
— Directions are independent el ]EE ]%E ]%E :|§|:
. . . DATA LINK // *x 3 3 %
« MCRS converts serial MAC transmit data into o — — — —
AN PHY PMA PMA PMA PMA
parallel PHY streams \
« MCRS maps xMll signals into individual MAC N =
.y N MDI
primitives N
« Generates & expects continuous data & control ez e AN oerrace PV = PHYSIGAL MEDIOM DEPENDANT
Characters Eﬁs = EEE:%Q'EEE&EQ%E&%LEAYER xMIl = GENERIC MEDIA INDEPENDENT INTERFACE

Figure 143—1—Relationship of MCRS to the OSI reference model

Source: IEEE P802.3dc D3.0, 143.1, 143.2
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Clause 143 Envelope Quantum

e Clause 143 divides data into ‘Envelopes’

— Envelope Is a continuous transmission by a specific LLID
(MAC ID) on a specific downstream / upstream channel

— One EQ Is 72 bits — 64 data and 8 control
— Each EQ goes on an MIl, (2 25GMII transfers to a PHY)

1 2 3 4 5 6
112)3)4[5[6]7(8]9|0[1]2[3]4]5(6[7|8]9)0|1]2[3|4]5|6|7|8[9]0]1]2[3[4|5]6|7)|6[9[0[1]2)3|4]5]6|7|8[9]0[1]2]3|4]|5[6|7|8]90[1]2[3[4]5

Ctrl[0...7] Data[0] Data[1] Data[2] Data[3] Data[4] Data[35] Data[6]

7
6|7 8/9]0[1
Data[7]

EQ bit positions E

tstxMIl transfer = TXC _| - TXD-lane0 _: TXD-Lanei _ TXD-Lane2 _ TXD-lane3 | |
S 3i.|j...._._3|.|j ___________________ (4] prenantel I Sobwtmanny | T Bl 1 11 -|.r|3 (L[ T ) R 1 |
20dxMIl ransfer . IXC : g 5 - TXDdane0 T™XD-lane1 | TXDLane2 . TXD-Lane3

Figure 143-2—Envelope quantum (EQ) format

Source: IEEE P802.3dc D3.0
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Envelopes

(see 143.2.4.2 Transmission Envelopes)
* An envelope is a continuous transmission by a specific MAC instance (LLID) on a
specific PHY lane (MCRS channel)
— EPON dynamically assigns (frequency) channels to multiple MACs
— We would have one MAC and (1), 2 or 4 lanes — therefore (1), 2 or 4 envelopes
— Each lane would have its own envelope
— A frame may be (and in our case seems that it IS generally) striped over multiple lanes.
e Just need to pick the striping size
— Determines buffering and (possible) latency in the RS
— Suggest striping on either octets or on 8 octet groups (2 25GMI|I transfers, one 64B/65B PCS block)

» Upside — minimizes buffering and additional delay

» Downside — uncorrectable errors in one PHY/RS frame (130 transfers) even noninterleaved span 2080 (50G) or 4160
(100G) octets, which would corrupt multiple Ethernet frames, degrading frame error rate

e Questions —

— Do we envision long links for 50G/100G laned connections? (do we really need 11m?)
— Could we bypass RS-FEC entirely for shorter 50G/100G links?
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L
Envelope Headers Mitigate Skew

 Envelope Start Header
records order of envelope e e
at the transmitter [/ i

. . L1 /LT TRy e
— “EPAM?" field stores index E / v
] L] - E£._| 3 4 [ 8 11 14y r1?.'...1 ..‘
» Controls position stored in ~ § = [ &l [a 52 7
: SRR

receive buffer LT L L L ,,

. I._ 12|13I‘H 15|1E|1T 1BI‘HIEDIE1IEEI23I...IE|LTM0LW
- EﬂVG'OpeS read Out In Order fa}Envelmpe header r?mrdsﬂ'le rmrrinde;cnfﬂﬂis header in the EnvTx buffer

— (buffer depth dependent on

skew to tolerate)
Source: IEEE P802.3dc D3.0
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Envelope Header - detall

¢ CO ntains: i Txc ' TXDlane0 | TXD-lanel & TXD-lane2 | TXD-Lane3

x}ﬁh ) PR S R A R 15 " 1Be = mm == m - - 2324 s e e m e m - 3!
— Start control code (OxFB) transfer | 1pop D11u11111meB}? EEED Envelope Length (22 bits) 3

— EnvType flag bit (ESH/ECH)
— EPAM (position alignment)
— CRCS8 (header integrity) g i § I S T I I I

bit index 8 15 |16 ..23|24 31|32 .39(40..47 (48 55|56 _63[64 71

_Restare not be needed by .3Cy. IR e e e e e e e e e e e e e e e
e LLID (we only have 1 MAC)
* Encryption bits (E and K) (not used)

=
=

ong | 0000 | |° EPAM Sigy]? LLID (16 bits) B cres
' XMl (6 bits) . .
» Envelope Length (see nextslide)  ieer o3 0 - o PR P P YR ”
_ | TXC i TXD-ane0 | TXD-lanel | TXD-lane2 | TXD-Lane3
« 23 hits (3 octets) needed Legend - Encryption key ndex
ET - EnvType (1 = ESH, 0 = ECH) (see EncKey in 143.3.3.4)
E-En icn enabled fla A - resenved (value = 0 for CRCE calculation
— Could use 3 octets for OAM Or (e Enctnabiem 1453 34) | }
Vendor_speCIfIC pu rposes Figure 143-10—Mapping of envelope header fields into two xMIl transfers

Source: IEEE P802.3dc D3.0
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Envelope Headers

See 143.2.4.3 Envelope Headers

 Each Envelope starts with an Envelope Start Header

— Sent when no data is being transmitted

» This is hard to do with a continuous system and requires pausing the link availability for data (EPON has
this feature)
« BUT — we have a fixed number of envelopes — physically configured by a number of cables attached

« AND - there is no ‘Envelope terminator’ so no need to limit envelope size
e Suggest:
— send ESH (or equivalent) at startup only
— with unlimited envelope length (since our system is static and envelopes are fixed)

— Do initial lane alignment at startup with ESH

 The Envelope gets Envelope Continuation Headers sent in place of data frame preamble
— Replacing all 8 octets of the preamble would be incompatible with Clause 99 MAC Merge
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ECH Compatibility with Clause 99

Clause 143 ECH replaces first 8 octets — ECH cannot simply replace 8 octets

Clause 99 uses 7t & 8t octets to convey information

Normally preamble & SFD

7 OCTETS PREAMBLE
1 OCTET SFD
8 OCTETS DESTINATION ADDRESS
6 OCTETS SOURCE ADDRESS &
| ¥ OCTETS
2 OCTETS LENGTHITYPE . g »Z  TRANSMITTED
. *Z % TOPTOBOTTOM
48TO 15000H1534[. MAC CLIENT DATA Dl
OR 1982 0CTETS = lmmmmassmsssmessmmssmmnnm=n ‘
(SEE 3.27) ‘l ' FAD :
4 OCTETS FRAME CHECK SECGUENCE
EXTENSION ! "
=8 | [ [ [ [ [ | [ |msB
&P b’
BITS
TRANSMITTED ————— i
LEFT TO RIGHT

Figure 3—1—Packet format

Source: IEEE Std 802.3-2018

7 OCTETS PREAMBLE
1 OCTET SMD
- 60 OCTETS MDATA
4 OCTETS CRC

mPacket containing an express packet,
a complete preemptable packet or an
initial fragment of a packet

(@)

6 OCTETS PREAMBLE
1 OCTET SMD
1 OCTET FRAG_COUNT
> 60 OCTETS MDATA
4 OCTETS CRC

mPacket containing a continuation
fragment of a packet

(b)

Figure 99—4—mPacket format

New RS must encode EPAM (and any other information) in the first 6 octets and leave octets 7 & 8 intact
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Key parameters simplify

« EPAM records the relative position of an envelope
— 6 bit field which controls the receive buffer positioning

— EPON lanes could have a lot more skew than .3cy
e But frequency lanes can’t cross... so it is ‘row’ (skew) only

—802.3cy can divide the EPAM as row and column (lane)
 Determine number of bits as needed

« ADJ BLOCK SIZE, RATE_ADJ SIZE=0

* Need to redraw transmit state diagram process, modify
envelope headers, only substitute first 4 octets of preamble
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New Envelope Headers

Yrxc '} TxDlaned | TxDLanel | TXD-lane2 TXOLanes :

B ey s, ¢ UseTirst transter only

/ / » Leave 2nd transfer (last 4 octets of preamble on ECH) intact
W e e * CoOllapse EPAM field to 6 bits, specify row and column fields
e T LA ILIEaEEEL ¢ Reserve Octet 2 for OAM or vendor information (TBD)

» Consider whether CRC is needed (but for now retain it)

ze [ |[C& || wopsws |0 cres 7 1st 25GMII Transfer

i Do i oaner 1 oitanez i hones TXC |TXD Lane 0/Octet 0 TXD Lane 1/Octet 1 TXD Lane 2/Octet 2 [TXD Lane 3/Octet 3
£ o tocae e L T 0-3/0----7 8 [9----10[11---14| 15 [16---------- 23|24 --------- 31
| Fig..,.'m,;;'_l.,,,.,,M.m..,,. headar felds into two xMil ranfers r1000 1101 1111 (OxFB) Env Typg EPAM col|EPAM rowReserved| <OAM or Vendor> CRC

2nd 25GMII Transfer <for ECH only, TBD for ESH>

TXC |TXD Lane 0/Octet 4 TXD Lane 1/Octet 5 TXD Lane 2/Octet 6 |TXD Lane 3/Octet 7
0-3/0----7 ---mmmi e 15 [16---------- 23 (24---------- 31
r0000 Preamble Octet 4 Preamble Octet 5 Preamble Octet 6 | Preamble Octet 7

Note 1 : TXC are Ctrl bits 0..3 and 4..7 of the EQ on first and 2nd transfers respectively
Note 2: Env Type is (1 = ESH, 0 = ECH)
Note 3: 2nd 25GMI| is free to be used as needed for startup purposes for ESH
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Redefined PREAMBLE EQ

PREAMBLE_EQ (FROM CLAUSE 143) Table 99-1—SMD values

Type: 72_b|t bIOCk mPacket tv Notation Frame Value
Description: The value of an EQ returned by the GetMacBlock() function tha P ] count
represents a preamble. verify packet SMD-V — 0x07
Value: 0x5D-55-55-55-55-55-55-FB-01 respond packet SMD-R - 0x19
express packet SMD-E — 0xD3
« Clause 143 uses an 8 octet block eemprabie packer oo o -
 New header retains 7" and 8! octet on receive SMD-S1 1 0x4C
substitution e alkl
. . SMD-53 3 0xB3
 Compare on transmit needs to look for first 6 octets contimmtion fragment amc | o 0x61
PLUS: SMD-C1 1 0x52
— 0x55-FB-01 (normal frame) :EE; ; E
— Clause 99: 0x55-SMD-01, or, SMD-FRAG COUNT-01
. - . Table 99-2—Frag_count values
« TBD — Can we just look for the first 6 octets in
E Frag_count Value
the input process? - —
1 Ox4C
2 0x7F
: OxB3 Source: |IEEE Std 802.3-2018
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lBEGIN

| wiCol == MUM_CH INIT
M0d|f|ed |nput Process dlagram :lﬂliﬂ_cm > :JC?:ERDW — En-.-Le-ﬁl]«t={EI} —
InClk r EnvPam <= 0

e Startup process:
— INIT is called at startup, sets EnvLeft to zero

— EnvLeft is set to a nonzero length when ESH is sent v v o
CHECK_NEW_ENY | MeRS_STatiweoirequestim_repam—enm_engthate

—_— i 'E'I'I'F'E'I'I'QH'I'!"E'_
EnvLeft is never decremented =remearo*|__START_NEW_ENVELOPE
« NEXT_ROW starts new stripe across lanes lese et et o 1ot
« CHECK_NEW_ENV checks EnvLeft (startup) for each Frrevetwos e
—=f== | ucT

column (PHY lane),
A

— if in startup, send ESH (start new env., once per col.) ENVTX_DATA
— Otherwise, GetMacBlock loads data from MAC =8 = GelliecBlockiErmetreel)
. InEQ == PREAMBLE_EQ else

» If the MAC data is a preamble, assemble and send ECH ]

» Otherwise, send the data REPLACE_PREAMBLE
INEQ = EnvContHeaderiwCol) L

« ENVTX_DATA checks for preamble uet
— Only check first 6 octets (and SFD)

« NEXT_COL goes to next lane or row, as appropriate v

- WRITE_EQ TO ENVTX sends EQ to transmit process W“'E—'}fiff”m
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5/4/2022 — G. Zimmerman



Transmit & Recelve Processes — same as cl 143

lBEGIN

INIT
wRow <=0

BEGIN
: L l ¢ RxClk[ch]

NEXT ROW INIT
RECEIVE_LOW_WORD
rRow++ rRow <=0 — =
RxEQ=30= < RXC[ch]=3:0=

TxClkch] TxClk[ch] RxEQ=398= < RXD[ch]=31:0=
r RxClk[ch]

r

TRANSMIT_LOW_WORD

TXC[chl=3:0= <= EnvTx[ch][rRow]=3:0=
TXD[ch]=31:0= < EnvTx[ch][fRow]=39:8=

Y
RECEIVE_HIGH_WORD

RxEQ=T4= < RXC[ch]=3:0=
RxEQ=T1:40>= <= RXD[ch]=31:0=

TxCIK[ch] IsHeader(RxEQ) glze IsMisaligned(RxEQ)
b ¥ ¥
TRANSMIT_HIGH WORD PARSE_HEADER SHIFT_EQ
TXC[chl=3:0= < EmvTx[ch][rRow]=7:4= wRow < RxEQ=45:40= RxEQ=3:0= < RxEQ=T:4=
TXD[ch]<31:0= < EnvTx[ch][fRow]<71:40= UCT RaFQ-39+4> & RxEQ<71-40>
RxClk[ch]
r r
HeT STORE_EQ
Figure 143-13—MCRS transmit function, Transmit process state diagram Er;{va[ch][wRﬂw} < RxEQ
WHOW++
RxCIk[ch]

Figure 143-15—MCRS receive function, Receive process state diagram

Source: IEEE P802.3dc D3.0
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Modified Output Process diagram

e INIT, NEXT_ ROW, NEXT_COLUMN, oo BEG'HT
READ EQ, OUTPUT _ENV_DATA are as ol o NEXTROW Je— | ow =0
described o

« UPDATE_ENV_SIZE deleted R ———

— Envelopes don't end unless reset e e —

« CHECK ENV_SIZE not needed, but | | B AR
operates correctly | [erEckENvSiE I - £5 HEabER
— ‘else’ branch should never occur — may want to - e I P

delete (and go straight from INSERT_PREAMBLE OUTPUT ENVDAA |
to OUTPUT_ENV_DATA or insert error state S

« SIGNAL_ESH not needed sor

— (not EPON, no Clause 144) Figure 143-16—MCRS receive function, Output process state diagram
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I
PHY resets:

Basis to go forward (less mature, for discussion)

* Propagating a single reset to all 4 PHYs is unsolved
— Each PHY may be reset individually

e Itis desirable that ANY lane being in reset stops the MAC from sending data

— PCS reset causes the PHY to present local faults at the 25GMII (see PCS receive state
diagram) — and the RS sees these from each PHY lane

 From Clause 46: “When this Local Fault status reaches an RS, the RS stops sending MAC data or LPI, and
continuously generates a Remote Fault status on the transmit data path (possibly truncating a MAC frame
being transmitted).”

— Suggest - OR the fault status of all lanes

e To discuss: (remember, RS’s don’t have MDIO, so this is clause 30 or other)

— Do we want a PHY fault or reset to cause a new startup of the RS (send ESH, resetting
alignment),
Do we want the RS to be separately reset?

— Do we want to report which lane reported a fault detected at the RS?
« Each PHY lane will report faultin 1.8.10 and 1.8.11
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B S
Still work to do...

* Figure out whether we can just match on first 6 octets of preamble to insert ECH
« PHY reset/fault — should it restart RS? Do we report the faulted lane at the RS level?
Do we need to pass any autonegotiation information... (force_ PHY type or HCD phy type)

* Review/modify: (looks straightforward)

— Modify GetMacBlock process code to use single MAC, double check to remove any EPON-specific stuff, check compatibility with
Clause 99 MAC Merge

— Modify ESH and ECH process code to reflect new ESH & ECH proposed here
 Functions in PHY (outside of RS, but motivated by this)
— Could we bypass RS-FEC entirely for shorter 50G/100G links? (for low latency and no error propagation)

Do we envision long links for 50G/100G laned connections? (do we really need 11m?)

* Error checking — did | miss something?
— Compatibility with 25GMII implementations & with 50/100G MAC constraints

* Major concern: All of this takes time and needs multiple skilled eyes
— May be better as a new/separate project with MAC/MII experts involved

o Key premise of “no changes below MII” makes this work separable (and a separable component) from
25GBASE-T1

— Plan to present to NEA Ad hoc to gauge interest
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Discussion?

THANK YOU!
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