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PCS and PMA proposal

* Proposal is to adopt the P802.3cz BASE-U PCS and PMA for P802.3dh

« BASE-U PCS & PMA meets the P802.3dh project’s objectives

« BASE-U PCS & PMA is technically complete and mature (P802.3cz is
currently in SA ballot)

« BASE-U PCS & PMA meet automotive requirements:

e support all the targeted data-rates
e support OAM channel
e support EEE

« BASE-U PCS & PMA is designed to approach channel capacity limit.
Specially relevant for GI-POF (P802.3dh) that has lower bandwidth and higher
attenuation than OM3 (P802.3cz)

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 2



e ——

PCS and PMA proposal

« BASE-U PCS & PMA support fully adaptive receiver implementations. This
allows:

 Compensate impairments due to large parametric deviation = high production yield

 Maximize RX sensitivity = support of much higher insertion losses for optical
connections targeted to harsh environments

* Enable the use of automotive qualified and high volume low-cost bulk CMOS sub-
micron tech nodes

* Adoption of BASE-U PCS & PMA in P802.3dh will minimize automotive
market fragmentation, e.g. same PHYs can be used for OM3 and GI-POF

* Following slides explain the rational behind this proposal
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Why 802.3cz did not reuse BASE-SR?
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BASE-AU vs BASE-SR

\

Knowledge Development

Characteristics BASE-AU BASE-SR
Data-rates 2.5,5,10, 25, 50 10, 25, 50
Application Tgs range (C) —40to +125 0to +85
OAM channel support YES NO

OAM channel is an Automotive requirement

802.3bp, 802.3bv, 802.3ch, P802.3cy specifies OAM.

OAM is also operative during LPI.
Dependability functions support | YES NO
(link margin, OAM)
Link establishment is YES NO

bidirectional

EEE support

Data-aided timing-recovery
supported

Data-aided equalization
supported

Design startegy

Modal dispersion

Chromatic dispersion

Mode Partition Noise
Main noise limitation
Link budget

Transmitter is validated with
equalized reference RX

PHY TX remains transmitting signals during LPI, however
data generated by PCS is modified wrt normal operation
to allow big power saving , while OAM channel is
operative and wake signal detection is robust.

LPI is defined for 2.5, 5, 10, 25, and 50 Gb/s.

YES
Required the highly sensitive RX for high insertion loss
channels

YES
Required the highly sensitive RX for high insertion loss
channels

Maximize supported channel insertion loss

Small impact

Negligible impact

Negligible impact
Receiver (PD, TIA, Sampling)
Limited by TX distortion and RX noise

YES, for all the rates (Decision Feedback Equalizer)

Fast wake mode, where PCS encodes LPI as in normal
operation. Power saving is very limited in the receiver.
LPI is only defined for 25 and 50 Gb/s.

NO

NO

Maximize link distance

Defines the max distance by ISI limitation.
Specially relevant in 10 Gb/s

Defines the MPN with RMS width.
Specially relevant in 10 Gb/s

Limit the channel capacity. Specially relevant in 10 Gb/s
Transmitter (RIN, MPN)
Limited by TX and channel distortions, MPN and RIN

NO for 10 and 25 Gb/s.
YES for 50 Gb/s (linear Feed-Forward Equalizer)
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BASE-U PCS & PMA distinctive features
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PHD data: PHY control, OAM, dependability [N

Table 166—2—PHD structure

Field name Description Numper Valid values
of bits

PHD.TX.NEXT.MODE Transmission mode of the next Transmit 3 0: normal transmission
Block, indicated to link partner to align its 1: BER test mode
reception (see 166.5.1) transmission

2 through 7: reserved

PHD.RX.LINKSTATUS Indicates whether the local PHY is able to 1 0: NOT OK
receive 65-bit blocks with reliability. The 1: OK
value of this field is determined by the PHY
quality monitor state diagram (see
166.3.4.6.4). The local PHY uses this received
PHD field to determine the value of the
variable rem_rcvr_status (see 166.3.4.1)

PHD.RX.HDRSTATUS Indicates whether the local PHY is able to 1 0: NOT OK
receive the PHD from its link partner with 1: OK
reliability. The value of this field is determined
by the local PHD reception monitor state
diagram (see 166.3.4.5). The local PHY uses
this received PHD field to determine the value
of the variable rem_rcvr_hdr lock (see
166.3.4.1)

PHD.RX.LINKMARGIN | The value of this field is determined by the 8 This field is fixed-
PHY quality monitor state diagram (see point formatted (8, 3)
166.3.4.6.4) in response to link margin and is provided in log,
estimation as defined in 166.3.4.6.2. Upon units (see 166.3.4.6.2).
reception of a valid PHD, the field is stored in See 166.1.1 for fixed-
bits 3.2351.7:0 (see 45.2.3.93) point format.

PHD.CAP.LPI This field indicates whether the PHY supports 1 0: EEE is not
EEE and has enabled the announcement of this supported or it is not
ability (see 166.4) announced

1: EEE is supported
and it is announced

PHD.CAP.OAM This field indicates whether the PHY supports 1 0: BASE-U OAM is
BASE-U OAM and has enabled the not supported or it is
announcement of this ability (see 166.11) not announced

1: BASE-U OAM is

supported and it is

announced
Reserved 65 0

PHD.OAM.DATAO BASE-U OAM message data field 0 (see 12 0x000 through OxFFF
166.11)

PHD.OAM.MSGT BASE-U OAM message identification bit (see | 1 Oorl
166.11)

PHD.OAM.MERT BASE-U OAM STA read identification bit 1 Oorl

(see 166.11)

Knowledge Development

PHD.OAM.PHYT BASE-U OAM PHY reception identification 1 Oorl
bit (see 166.11)
Reserved 1 0
PHD.OAM.DATA1 BASE-U OAM message data field 1 (see 16 0x0000 through
166.11) OxFFFF
PHD.OAM.DATA2 BASE-U OAM message data field 2 (see 16 0x0000 through
166.11) O0xFFFF
PHD.OAM.DATA3 BASE-U OAM message data field 3 (see 16 0x0000 through
166.11) OxFFFF
PHD.OAM.DATA4 BASE-U OAM message data field 4 (see 16 0x0000 through
166.11) OxFFFF
PHD.OAM.DATAS BASE-U OAM message data field 5 (see 16 0x0000 through
166.11) O0xFFFF
PHD.OAM.DATA6 BASE-U OAM message data field 6 (see 16 0x0000 through
166.11) OxFFFF
PHD.OAM.DATA7 BASE-U OAM message data field 7 (see 16 0x0000 through
166.11) OxFFFF
PHD.OAM.DATAS BASE-U OAM message data field 8 (see 16 0x0000 through
166.11) O0xFFFF

* PHD transports information used for several purposes:

« PHY control, link monitoring, bidirectional link establishment

« Link-margin so that remote and local link margin can monitored for
dependability

« Negotiation of optional features

« OAM channel: it provides low rate reliable exchange of messages
between STA peers attached to link partners using MDIO registers.
Used to implement specific automotive features:

* Wake-up propagation over active links (e.g. ISO 21111-2)

. g%/?%:?rcz))nized sleep-down transition between link partners (e.g. ISO

* Transportation of remote dependability information: e.g. temperature,
voltage monitors, physical layer monitors, etc. (e.g. Open Alliance TC15,
advance diagnostics

* PHD uses pre-allocated time slots for transmission,

independent of xGMII transmission
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PHD: encoding and transmission \

Physical S §
Header 2 S
Data (PHD) IR nnnmmmmm
CRC16 calculation and appending I
bit0  bit 15
PHD after N N
CRC-16 |—{ 224-bit PHD | crcie
» Splitin 20-bit encoded PHD sub-blocks
20-bit PHD | 20-bit PHD 20-bit PHD | 20-bit PHD |4
‘{sub-block 0 [sub-block 1 |*®® ® |sub-block 10sub-block 11|~
A L)
A /AN
——7— ;I Three-time Repetition Code (TRC) ,{’ v N
s/ \ / \ N
Encoded PHE) s / \ / \ N
A \| y 0\
20-bit PHD | 20-bit PHD | 20-bit PHD oo 20-bit PHD | 20-bit PHD | 20-bit PHD |
sub-block 0 [sub-block O |sub-block O sub-block 11(sub-block 11(sub-block 11™
T 1 \
|7 \ AN L \ \
PCS transmit ordering T 7
AN
\ \ N / | \
N / \ \

36 20-bit encode\d PHD sub-blotks in a Transmit Block

[

Y

80 65-bit :20-bit

80 65-bit 20-bit

80 65-bit 120-bit

80 65-bit 120-bit

80 65-bit 120-bit

blocks *PHD| blocks 'PHD| ®*®*® | blocks {PHD| blocks {PHD| blocks {PHD
RS-FEC RS-FEC RS-FEC RS-FEC RS-FEC
message 0 message 1 message 33 message 34 message 35

Figure 166—10—Physical Header Data transmit bit order

» A 3-repetition code is used as inner code, interleaved and

concatenated with the RS code for error correction

e The reliability of PHD is dramatically boosted wrt xGMII
data (BER from 10-6 to 10-12, from 10-2to 10-24) and is
insensitive to error bursts caused by DFE

Knowledge Development

Data/Ctrl header

tx_block<0> tx_block<64>

65-bit block Jome e T8 T s [ [Bs [ er ]
|—* Aggregate 80x 65-bit blocks, plus 20-bit encoded PHD sub-block ‘

bit 0

bit 19

“a

RS-FEC message
65-bit block 78|65-bit block 79| 20-bit PHD sub-block

65-bit block 0 | 65-bit block 1

> RS-FEC (544,522) encoder over GF(210)

bit0 bit219

N

65-bit block 78]65-bit block 79{20-bit PHD sub—block‘ 220-bit parity ‘4—

RS-FEC codeword (CW)

65-bit block 0 | 65-bit block 1

;{ Aggregate 36 RS-FEC codewords

CWo CwWi1 eoe CWw34 CW35

Additive scrambler

v

Transmit Block
(195 840 bits)

bito bity bit bits bit1gsg3s

bit195839 }47

Figure 166—11—PCS transmit bit order

 In general, simulations show that a RS code over GF(219) is
almost not affected by DFE bursts for the number of
feedback taps specified in the TDFOM reference RX

« CRC16 is used for error detection

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 8




PCS encoding, space allocation for PHD and FEC

Input Data § Block Payload
n
c
Bit Position:} 0 1] 2 65

Data Block Format:

Do D D, D3/D, D5 Dg D] 01 Do Dy ‘ D, ‘ Ds ‘ D, ‘ Ds ‘ De ‘ D,
Control Block Formats: E;;zk Type

C9C1C,C4/C4C5CCy| 10| oOx1E Co Cy [ Cs Cs4 ‘ Cs ‘ Ce ‘ [
CoCyCyCy/0, D5 DgD;| 10| Ox2D Co Cs C, Cs N Ds De D;
CoC1C»Cy/S,D5DsD; [ 10 0x33 Co C C, Cs Ds Dg D,
Og D4 D, D4/S, DsDgD, [ 10|  0x66 D, D, Ds 0y Ds De D;
0g D4 D, D30, D5DgD,| 10|  0x55 D, D, D; 0p | 04 Ds Dg D,
SoD4D,D4/D, DsDgD,| 10| 0x78 D4 D, D; D4 Ds De D,
0pD4DyD4/C4C5sCsC7| 10| ox4B D4 D, D; Oy | C4 Cs Ce Cy
TyCqCy Ca/Cs C5CCy | 10| Ox87 ‘ ‘ ‘ ‘ ‘ ‘ ‘ c C, Cs Cq Cs Cs c,
DoT1C2C4/C4C5CsCr| 10|  0x99 Do ‘ ‘ ‘ ‘ ‘ C, Cs Cq Cs Co c,
DoD1T,C3/C4C5CsCy | 10|  0xAA Do D, ‘ ‘ ‘ ‘ Cs C4 Cs Cs c,
DoD; D, T5/C4C5CgC7 | 10| 0xB4 Do D, D, ‘ ‘ ‘ Cq Cs Cs c;
DoD4D,Dy/T,C5C6C7 | 10| oxce Do D, D, Ds Cs Co cy
DoD;D,Da/D4 TsCeCy | 10|  0xD2 Do D, D, Dj D, Ce c;
DoD4D,D4/D,D5TgC; | 10|  OxET Do D, D, Dy D, Ds Gy
DoD4D,D4/D,DsDg T, | 10|  oxFF Do D, D, Dy D, Ds Dg

Figure 49-7—64B/66B block formats

» 2-bit sync is converted into 1-bit data control
header (trivial transcoding)

» “sync” field made sense in BASE-R PCS with serial
PMA w/o FEC and EQ where simple detection was
implemented, e.g. sync is not scrambled, so 1
signal transition is guaranteed per each 66-bit block

\

Knowledge Development

Input Data d:;trf Block Payload
eader
Bit Position: i T
o I 64

Data Block Format:
DoD4 D, D3/D4D5DgD7 | O "Dy | Dy | Dy "D'3"'|"i:>'4"' 'bg"'|"bg' | "Dy
Control Block Formats: Eilgliik Type
CoC1CyCalCaCsCeCr| 1 | OXIE | Co | [P RSN IO BN IO AR
CoC1CyC3/0,DsDgD; | 1 | 0x2D 7| 'Co | Cy | Cp [ Cs |04 " Ds Dg " D7
COC1 CZC3/S4D5D6D7 1 ICI)XI3I3I Ol ICIIOI B ICI‘1I I ICl:zl N ICI3I Y I IDI5I I Iljsl o IDI7I o
0Oy D4 D, D3/S, D5 Dg Dy 1 ox66 | 'D'1' ' o 02 'D'3 '0'0' ' 'D'5' 'D'G' i 'D'7' o
OyD4DyD3/04D5DgD; | 1 ox55 | | Dy | D "Dy | O |04 | Ds Dg Dy
SoD;D,D3/D,DsDgD; | 1 | OX78 [ 1 Dy | Dy "Dy | Dy | Ds | Dg | Dy
0D1D,D3/C,CsCsCy | 1 | Ox4B Dy D, Dy Oy | Ca Cs Cs C;
TgC1C,C3/C4C5C5C7 | 1 0x87 C | C | C | Ci Cs Ce c;
DoT1CyC3/C4CsCsCy | 1 | Ox99 | Do Cy "cy | Cs | C | Cg | cf
DgD4ToC3/C4Cs5CsCy | 1 | OxAA | 1 Do D; Cy | Cs | Cs | Cs | C;
DoD;D,T5/C4CsCeCy | 1 | OxB4 | Do Dy D, C | G | G | G
Dg D4 Dy D3/T4C5CsCy | 1 0xCC | Dy | Dy "D, Dy "Cs "Cq 'Cy
DyD;D,Ds/D, TsCsCy | 1 | OXD2 | Do | Dy "D, "Dy D ||| G | c
DoD4DyD3/D4D5TgCy | 1 OXE1 | Dy | Di "Dy "Dy "D, Ds || c;
DgD4D,D3/D,D5DgT7 | 1 OxFF | Dy | D D, "Dy Dy ' Ds "De

Figure 166—14—65-bit block format for BASE-U PCS connected to XGMII or 25GMII

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting

» Saved space is allocated for PHD and RS-FEC
parity: 80 bits are saved per CW, 20 for PHD, 60 for
parity (~30% of parity)

« Synchronization function is implemented in different
way in 802.3cz




PCS encoding, space allocation for PHD and FEC
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Knowledge Development

Input Data ? Block Payload
n
c
Bit Position] 0 1] 2 65
Data Block Format:
Do D4 D, D3 D4 D5 Dg D] 01 Do Dy D, ‘ Dy ‘ D4 ‘ Ds ‘ Dg D,
Block Type
Control Block Formats: Field P
CoC1C2C3C4C5CsCr [10 | Ox1E Co C1 [ Cs Cq Cs Ce C7
SyD;D,D;D,DsDgD; [ 10 | 0x78 Dy D, Ds Dy ‘ Ds ‘ Dg D7
OgD1Dy,D324Z5Z5Z7 |10 | 0x4B D4 Dy D3 Og 0x000_0000
ToC1CpC3CsC5CsCy [10 | Ox87 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Cq c, Cs Cs Cs Ce Cy
DoT1C2C3C4Cs5CCy | 10 | 0x99 Do ‘ ‘ ‘ ‘ ‘ c, Cs C4 Cs Ce ol
DoD1T2C3C4C5CeCr | 10 | OxAA Do D, ‘ ‘ ‘ ‘ Cs Cs Cs Ce Cy
DoD1D;T3C4C5CsCr | 10 | 0xB4 Do D, D, ‘ ‘ ‘ Cs Cs Cs c,
DyD{D;D3T4C5CsC7 | 10 0xCC Do D4 D, Dj3 Cs Cg Cs
DgDyDyD3D4T5CeC7 | 10 | 0xD2 Do Dy D, D3 Dy Ce Gy
DO D1 D2 D3 D4 D5 TG C7 10 OxE1 DO D»] D2 D3 D4 D5 C7
DyD{D,D;D,D5Ds T, | 10 | OXFF Dy D4 D, Dy D, Ds Dg

Input Data d;t: Block Payload
eader
BItPOSmOn: LI B B S S s e LN B B S S S B B B S S S B B B S B B S B B S S S e LI S s e s e s e e
0o |1 64
Data Block Format:
DoD{D,D3D4D5DD; | 0 Do D, | D, l 3 | Dy | Ds | De | Dy
. lock Type

Control Block Formats: Field
CpC1CyC3C,C5CsCy | 1 OX1E Co ‘ C ‘ C, ’ Cs ‘ 3 | Cs | Cs ¢,
SoD;D,D3D4D5DgD; | 1 [ Ox78™ [ Dy by T Dy [T Dy ] " Ds [ Dg | D7
OgD1DyD32425Z5Z7 |1 0x4B D1 D, D3 Op 0x000_0000
TgC1CyC3C4C5CsCy 1 0x87 Cq C, Cs Cy 5 Cs C;
5:7.0,0,0,0.0.0, |7 Feaas o) R I S U I S R R
D T,0.0, 0000, |7 VAR A AR R AR o) o TS
DD D, T.0.0.0.0, |7 VAR R RS R o, o R R R R
DO D1 D2 D3 T4 C5 CG C7 1 OXCC o ‘D‘O‘ o o ‘D“' T ’ ‘D‘Z‘ i DS‘ ' ‘c‘:s‘ o ' ‘éﬁ “““ C‘7‘ o
DopD1DD3D4T5C6C7 | 1 0xD2 Do 1 D, D3 Dy Ce C7
DyDyDyD3D4D5Tg Cy 1 OxE1 Do D4 D, D3 Dy D5 C;
DoD4 Dy, D3D4D5Dg T7 1 OxFF Do D, D, D3 Dy Ds Dg

Figure 82-5—64B/66B block formats

Figure 166—15—65-bit block format for BASE-U PCS connected to 50GMII

 Same arguments behind the 50GMII PCS encoding

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting
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PHD link establishment

(pma_reset = ON) +
(link_control = DISABLE)

v

LOCHDR_UNLOCK

loc_rcvr_hdr_lock < NOT_OK
LOCPHD.RX.HDRSTATUS < NOT_OK
hdr_fail_count < 0

new_rxphd_event *
(hdr_crc16_status = OK)

v

LOCHDR_LOCK

loc_rcvr_hdr_lock < OK
LOCPHD.RX.HDRSTATUS < OK

(hdr_fail_count = 2) + new_rxphd_event *
(revr_clock_Tock = NOT_OK) (hdr_crc16_status = NOT_OK)

new_rxphd_event *
(hdr_crc16_status = OK)

v

LOCHDR_EVAL_RESET LOCHDR_EVAL_FAIL

hdr_fail_count <0 hdr_fail_count ++

ucT iUCT

Figure 166—26—Local PHD reception monitor state diagram

e PHD bidirectional link is established before the link for xGMI|

data transportation, so that the PHY control and link monitor
functions are reliable

* Due to the much higher reliability of the PHD link, the PHY's
can exchange PHY control information, link margin and OAM
messages for dependability/monitoring even if quality of link
has been degraded and xGMII data cannot be exchanged
with reliability

\

(pma_reset = ON) +
(link_control = DISABLE) +
(loc_rcvr_hdr_lock = NOT_OK)

!

REMHDR_WAIT
rem_rcvr_hdr_lock < NOT_OK

new_rxphd_event *
(hdr_crc16_status = OK)

v

REMHDR_UPDATE
rem_rcvr_hdr_lock < REMPHD.RX.HDRSTATUS

new_rxphd_event *
(hdr_crc16_status = OK)

Figure 166—27—Remote PHD reception monitor state diagram

(pma_reset = ON) +
(link_control = DISABLE)

l

HDR_UNLOCK
rcvr_hdr_lock < NOT_OK

(loc_rcvr_hdr_lock = OK) *
(rem_rcvr_hdr_lock = OK)

HDR_LOCK
rcvr_hdr_lock < OK

(loc_rcvr_hdr_lock = NOT_OK) +
(rem_rcvr_hdr_lock = NOT_OK)

Figure 166—28—PHD monitor state diagram

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 11
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Bidirectional PHY control and link establishment |\

Knowledge Development

_ ~ (pma_reset = ON) +
] (pma_resgt =ON) + (link_control = DISABLE) +
Elrlcr:]\ll(r_ch%r;tr%c; Elﬁg?'LE))K; (revr_hdr_lock = NOT_OK)

| :

LINK_DOWN
PMAMON_DISABLE
link_status < FAIL
loc_rcvr_status < NOT_OK rem_rcvr_status < NOT_OK
LOCPHD.RX.LINKSTATUS < NOT_OK - -
LOCPHD.RX.LINKMARGIN < 0x80
new_Iink__margin_e_vent * n_ew_Iink_r_nargin_event * new rxblock event*
(link_margin < 0) (link_margin 2 0) (hdr_crc16_status = OK) *
(REMPHD.RX.LINKSTATUS = OK)

PMAMON_FAIL ¢

loc_rcvr_status < NOT_OK LINK_REMOK
LOCPHD.RX.LINKSTATUS «< NOT_OK .
LOCPHD.RX.LINKMARGIN < link_margin 'r'grﬁ_sriavtrussgtlf?t oK

new_link_margin_event * new_txblock_event *
(link_margin < 0) (link_margin 2 0) < | loc_rcvr_status = OK
a new_rxphd_event *
(hdr_crc16_status = OK) *
¢ (REMPHD.RX.LINKSTATUS = NOT_OK)
PMAMON_OK
LOCPHD.RX LINKSTATUS < OK LINK_UP
LOCPHD.RX.LINKMARGIN <= link_margin link_status — OK
new_link_margin_event * new_txblock_event
(link_margin < 0) | |
o ¢ new_rxphd_event * loc_rcvr_status = NOT_OK
(hdr_crc16_status = OK) *
PMAMON_SYNCH (REMPHD.RX.LINKSTATUS = NOT_OK)
LOCPHD.RX.LINKMARGIN <« link i
e margh Figure 166—25—Link monitor state diagram
new_link_margin_event * new_link_margin_event *
(link_margin < 0) (link_margin 2 0) . . . . .
< e Link is indicated OK only when both link partners have
new_txblock_event . . .
v validated reliable reception
PMAMON_UPDATE
loc_rcvr_status < OK ) ) . . . . .
LOCPHD RX LINKMARGIN < link_margin * Link is established synchronously in both link partners,
new_link mergin_event new_link.margin. event* so every packet transmitted in one side will reach the

remote side once link status was indicated OK
Figure 166—29—PHY quality monitor state diagram

e State diagrams communicates using PHD

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 12



Data-aided TR and EQ support

pcs_reset+!tx_xmii_enable

TX_INIT

tx_block <= LBLOCK_T

¢ i

TX_LI

tx_block <= ENCODE(tx_raw)

T_TYPE(tx_raw) = LI ‘

T_TYPE(tx_raw) = S ‘

5

v

|T_TYPE(tx_raw) =(E+D+T+LI)

T_TYPE(tx_raw) =C

T_TYPE(tx_raw) = C

3

TX_C

tx_block <= ENCODE(tx_raw)

T_TYPE(tx_raw) = C |

T_TYPE(tx_raw) = S

v

T_TYPE(tx_raw)=(E+D +T)

T_TYPE(tx_raw) = (E +D + S +T)

d
l

T_TYPE(tx_raw) = LI

y 3

TX_D

tx_block <= ENCODE(tx_raw)

T_TYPE(tx_raw)=D |

T_TYPE(tx_raw) =T

‘ T_TYPE(tx_raw) = (E + C + S + LI)

v

' v i

T™X_E

tx_block <= EBLOCK_T

T_TYPE(tx_raw) =T

'Y v

TX T

tx_block <= ENCODE(tx_raw)

T_TYPE(ix_raw) = cé

D

T_TYPE(tx_raw) = (E + D +T)

T_TYPE(tx_raw) =C

Y T_TYPE(tx_raw) =D
@)

‘T_TYPE(tx_raw) =(E+S)

T_TYPE(tx_raw) = LI

T_TYPE(tx_raw) = LI

T _TYPE(tx_raw) = S

NOTE—Optional state (inside the dotted box) and transition E are mandatory for PHYs with
the EEE capability.

Figure 166-16—PCS 64B/65B transmit state diagram

(pma_reset = ON) +
(link_control = DISABLE)

v

PMATX_DISABLE_TX

tx_enable < FALSE
tx_xmii_enable < FALSE

link_control = ENABLE

v

PMATX_ENABLE_TX

tx_enable < TRUE
tx_xmii_enable < FALSE

PMATX_PCS_DATA

tx_xmii_enable < TRUE

link_status = FAIL

Figure 166-23—PHY Tx control state diagram

\

Knowledge Development

i(link_status = OK) * (LOCPHD.TX.NEXT.MODE = 0)

* In TX_INIT, the PCS 64B/65B transmit state diagram sends to
the RS-FEC encoder a 65-bit vector containing two local fault
ordered sets (XGMII/25GMII) or one local fault ordered set

(50GMII)

 This will happen until PHY TX control state diagram assigns

tx_xmii_enable <= TRUE, which only will happen when

bidirectional link is established (link_status = OK) and no BER
test mode has been configured

» Therefore, the 80 65-bit blocks of each RS-FEC CW encodes
the same pre-defined information; 20-bit PHD sub-blocks are in
general different for each RX-FEC CW, so the parity as well

» However, the output of RS-FEC is scrambled ....

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting
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Data-aided TR and EQ support \

Knowledge Development

166.2.2.5 Binary scrambler * Shift register of the additive binary scrambler is
The 195 840 bits that compose the aggregation of 36 CW from the output of the RS-FEC encoder shall be |n|t|a| IZed at the beglnnlng Of eaCh Tl’ansm it BlOCk

scrambled prior to transmission using a binary scrambler that produces the same result as the
implementation shown in Figure 166-9.

From RS-FEC encoder Randomized bit stream to PMA * Because of that, the receiver a-priori knows the
P > value of each symbol that is being sent by the
transmitter belonging to the first 80 x 65 bits of

o] | [ [ Jeeee ] ] | fed each RS-FEC CW
All the adders are mod-2 (XOR) '
o * Therefore, the receiver can implement data-aided
""""" Figure 166-9—Binary scrambler adaptive algorithms for timing-recovery and

equalization using the 95.5% symbols of each
Transmit Block

The block of 195 840 bits generated at the output of the binary scrambler is called Transmit Block.

The shift register of the binary scrambler in Figure 166-9 r[0:24] shall be initialized with 0xOFB9659 for
BASE-AU PHYs with parameter G = 1 and with 0x020492C for BASE-AU PHYs with parameter G =2

(see Table 166—1), where the leftmost digit corresponds to the initial value of register element r[0]. o Th |S |S | m po rtant When eyeS are Closed y Wh |Ch
Therefore, the least significant bit of the rightmost digit corresponds to the initial value of register element . . .
1124, happens in high rates (10, 25 and 50 Gb/s), high
The initial value of 1[0] is xor-ed with the first bit from the RS-FEC encoder to generate the first input bit to tem peratu re and h |g h atten u at | on

the PMA.

The initialization shall be performed at the beginning of each Transmit Block. ¢ O Nnce th e al g Ol’lth MmsS h ave conve I’g ed y bl | N d

adaptive algorithms can be used for continuous
tracking of the varying channel and clock
conditions, enabling the transmission of user
data (link_status = OK)

* |nitialization values (different for NRZ and PAM4)
has been selected to maximize detection of the
start of Transmit Block by cross correlation

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 14




Channel equalization \

|__Knowledge Development |

» P802.3cz link model and PHY design is capacity « MMSE-DFE is essential to support high insertion loss
approaching. channel and compensate production impairments
« Shannon’s capacity in the output of RX is computed based - . - : - :
on the PSD ofpsign%d and all thpe noise sources I?n terms * _F'n'te Iength MMSE-DFE is required ”"_pra.Ct'Cal
effective SNRe implementations so that error propagation is bounded
* In order to approach the channel SNRe, a canonical « Max n° of FBF taps is limited considering the GF size
equalizer is used: MMSE-DFE (read [1, 2, 3]) of RS-FEC code, modulation depth and channel
« MMSE-DFE is used for noise whitening and ISI response
compensation: TX distortion, channel EMB, RX BW « Finite length MMSE-DFE is defined in TDFOM
limitation (the most relevant for rates <= 25 Gb/s)
Table 166—-16— BASE-AU TDFOM reference equalizer number of taps M MSE_DFE
0.70 %
= - 2 B |IC Area
Parameter E (2 % % %
Z ¢ g 2 | g
Number of taps of the F(z) filter (Np) 4 8
Number of taps of the B(z) filter (Np) 3 2
F(z) = ¥ flilz" ] Ny - :
e e 7 g Rest of IC
Ny—1 ; o7
B(z) = 1+ Y blilz" 1-B) | 98.40 A)

[1] John M. Cioffi et al., “MMSE Decision-Feedback Equalizers and Coding-Part |: Equalization Results,” October 1995, |IEEE Transactions on Communications, Vol. 43, No. 10
[2] John M. Cioffi et al., “MMSE Decision-Feedback Equalizers and Coding-Part Il: Coding Results,” October 1995, IEEE Transactions on Communications, Vol. 43, No. 10
[3] John M. Cioffi, “Equalization”, Course EE379A: Digital Communications - Signal Processing, Chapter 3, Stanford University, [Online], Available: https://cioffi-group.stanford.
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BASE-U OAM
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OAM channel

Table 115-17—L.ist of all possible 1000BASE-H OAM message status

1;;%— lr\r/[)égi gl)_l(g,f l;rd)égi“ Messsilffulj +1 Message K status Message K — 1 status
0 a a a Not written by local | Sent by local PHY Sent by local PHY
STA ACK by remote PHY ACK by remote PHY
ACK by remote STA ACK by remote STA
0 a la la Not written by local | Sent by local PHY Sent by local PHY
STA No ACK by remote ACK by remote PHY
PHY ACK by remote STA
No ACK by remote
STA
0 a a la Not written by local | Sent by local PHY Sent by local PHY
STA ACK by remote PHY ACK by remote PHY
No ACK by remote ACK by remote STA
STA
0 a la a Not written by local | Sent by local PHY Sent by local PHY
STA No ACK by remote ACK by remote PHY
PHY No ACK by remote
No ACK by remote STA
STA

Written by local
STA

Sent by local PHY
ACK by remote PHY

Sent by local PHY
ACK by remote PHY

Pending ACK by remote STA ACK by remote STA
transmission by
local PHY

1 a la la Written by local Sent by local PHY Sent by local PHY
STA No ACK by remote ACK by remote PHY
Pending PHY ACK by remote STA
transmission by No ACK by remote
local PHY STA

1 a a la Written by local Sent by local PHY Sent by local PHY
STA ACK by remote PHY ACK by remote PHY
Pending No ACK by remote ACK by remote STA
transmission by STA
local PHY

Written by local
STA

Pending
transmission by
local PHY

Sent by local PHY
No ACK by remote
PHY

No ACK by remote
STA

Sent by local PHY
ACK by remote PHY
No ACK by remote
STA

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting

Robust protocol for exchange of
messages is defined so that no
messages are lost,

Both STAs are aware of the
transmission and reception status of
messages

\

Knowledge Development

802.3cz reuses the OAM channel of
802.3bv

Separated set of MDIO registers is
used

Even if the PHD link conditions are
severely degraded the OAM channel is
reliable
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AM state diagrams \

Knowledge Development

pma_reset = ON + _pma_reset = ON +
link_control = DISABLE + link_control = DISABLE +
rcvr_hdr_lock = NOT_OK revr_hdr_lock = NOT_OK

OAMTX_RESET OAMRX_RESET

txr_txreq < 0
txr_mert <0
txr_phyt < 0
txr_msgt < 0
txr_oamudata < 0
txphd_oamudata < 0
txphd_msgt < 0

rxr_rxval < 0
txphd_phyt < 0
txphd_mert < 0
rxr_msgt < 0
rxr_oamudat < 0

rcvr_hdr_lock = OK *

oam_cap = TRUE

v

OAMRX_NEWMSG_WAIT

rcvr_hdr_lock = OK *
oam_cap = TRUE

v v

OAMTX_NEWMSG_WAIT

txr_mert < rxphd_mert
txr_phyt < rxphd_phyt new_rxphd_event *
hdr_crc16_status = OK *
rxphd_msgt # rxr_msgt

| txr_txreq =1

new_rxphd_event *
hdr_crc16_status = OK

OAMRX_RXR_UPDT

rxr_rxval < 1

rxr_msgt < rxphd_msgt
OAMTX_TRANSMIT rxr_oamudat < rxphd_oamudat

txphd_phyt < rxphd_msgt

txphd_msgt < !txr_msgt
txr_msgt < ltxr_msgt ]
txr_txreq < 0 read_RXOAM_DATA8 event
txphd_oamudat < txr_oamudat

UcCT

OAMRX_MERT_UPDT

txphd_mert <= rxr_msgt
¢ rxr_rxval < 0

OAMTX_PHYT_WAIT |

txr_mert < rxphd_mert UCT
txr_phyt < rxphd_phyt

Figure 115-43—PHY 1000BASE-H OAM receive control state diagram

new_rxphd_event * new_rxphd_event *
hdr_crc16_status = OK * hdr_crc16_status = OK *
rxphd_phyt # txphd_msgt rxphd_phyt = txphd_msgt

Figure 115-42—PHY 1000BASE-H OAM transmit control state diagram
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OAM channel, example of message from A to B ‘@

Knowledge Development

e Step 1: STA A writes OAM message TX registers and raises TXO_REQ bit

OAM Tx registers OAM RXx registers
TXO_REQ | TXO_PHYT | TXO_MERT | TXO_MSGT RXO_VAL | RXO_MSGT
1 a a a 0 a
PHY A PHY B
OAM Rx Message Rx State Message Tx State OAM Tx
Registers Diagram Diagram Registers

< M
= g =
dp) Message : dp)
Tx Request:
: OAM Tx Message Tx State | : . | Message Rx State OAM Rx
Registers Diagram Diagram Registers

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 19




OAM channel, example of message from A to B ‘@

Knowledge Development

» Step 2: local PHY (A) acknowledges the message to local STA (A) with TXO_MSGT and
transmit it to the remote PHY (B)

OAM Tx registers OAM RXx registers
TXO_REQ | TXO_PHYT ‘ TXO_MERT ‘ TXO_MSGT RXO_VAL | RXO_MSGT
0 a
PHY A PHY B
OAM Rx Message Rx State Message Tx State OAM Tx
Registers Diagram Diagram Registers
< M
< =
0p)] 0p]
: OAM Tx Message Tx State Message Rx State OAM Rx
] . _) . ] : . .
— | Registers Diagram ; g) Diagram Registers
Status i : i
(MSGT, MERT|
PHYT, TXREQ)
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OAM channel, example of message from A to B

Knowledge Development

e Step 3: remote PHY (B) receives the message. It signals the reception of the message to the
remote STA (B) using RXO_VAL and sends PHYT bit to the local PHY (A) indicating to local
STA (A) messages was received by remote PHY (B)

OAM Tx registers

TXO_REQ ‘ TXO_PHYT ‘ TXO_MERT | TXO_MSGT

OAM Rx
Registers

Message Rx State
Diagram

Message Tx State
Diagram

<
> /
%
: OAM Tx
«—— | Registers
Status
(MSGT, MERT
PHYT, TXREQ)

Message Tx State
Diagram

OAM RXx registers

RXO_VAL ‘ RXO_MSGT

PHYTT

OAM Tx
Registers

Message Rx State

) Diagram

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting

OAM Rx
Registers

STAB

21




OAM channel, example of message from A to B ‘@

Knowledge Development

e Step 4: remote STA (B) reads the message, the message read toggle bit MERT reaches the
local PHY (A) and it is signaled through the local OAM TX registers to local STA (A) indicating

the remote STA (B) already read the message

OAM Tx registers

TXO_REQ ‘ TXO_PHYT ‘ TXO_MERT | TXO_MSGT

STAA

OAM Rx
Registers

/

Status
(MSGT, MERT

OAM Tx
Registers

Message Rx State

Diagram

OAM RXx registers

RXO_VAL ‘ RXO_MSGT

PHYT, TXREQ)

Message Tx State

Diagram

PHY B
Message Tx State OAM Tx
Diagram Registers
1 m
'& |<_E
0p]
g Message Rx State OAM Rx | i
> Diagram Registers © Message
: : Read
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OAM channel, bidirectional TX w/ handshaking

STAA

Message
Read

OAM Rx
Registers

Message

/

Tx Requesﬁ

Status :
(MSGT, MERT|

OAM Tx
Registers

PHYT, TXREQ

Message Rx State

Diagram
Mgy l PHYT
Message Tx State
Diagram

\

Knowledge Development

PHY B
gl\/lessage
‘Tx Request
Message Tx State | OAM Tx :
Diagram Registers >
Status
i (MSGT, MERT, m
PHYT, TXREQ
PHYTT SN § |<_(
3 )]
) Message Rx State OAM Rx
> Diagram Registers . Message
: Read
23
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BASE-U EEE
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EEE support

A BASE-U specifies the optional EEE capability following fast wake mode of
LPI operation (see 78.1.3.3.1) in the sense that the PHY transmitter remains
transmitting signals during LPI (same symbol rate and modulation of normal
mode)

 However, the data generated by the PCS sublayer is modified with respect to
transparent LPIl encoding of normal operation in order to allow power saving,
robust OAM side communication channel and robust wake signal detection in
the receiver

* Transmitter side is expected to have much lower power consumption than the
receiver, in practical implementations. In addition, RS-FEC encoder function
can be disabled during LPI

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 25



EEE support \

Knowledge Development

224-bit PHD CRC16

Split in 20-bit blocks PHD sub-blocks

20-bit block 0 20-bit block 1 20-bit block 2 20-bit block 10 | 20-bit block 11 |«
> Three-time Repetition Code
Encoded PHD
20-bit block 0 20-bit block 0 20-bit block 0 20-bit block 1 20-bit block 1 20-bit block 1 20-bit block 11 | 20-bit block 11 | 20-bit block 11 720-bit length

1 . .
[y Ly
[} [y

1 L - PCS transmit ordering
4 .4 v v < § 3
© w| © 0| O 1| v 0 Anll [To) %) L0 1| << < o
LG R EREEEE AR R RE R R G ER o~ |H =
o ol @1 x Slxl gl & ol x| o |8 & alx| o8& Slxl o8& S| x| ol x o x| & ~| x o
ol O Ol ol ol o ol of 1 i o s g uj I o = uj 1 o 541 nj 1 9 519 o ol o Ol O o] &
ol o 8le ol 6 g 9 =S 4ol 214 ¢ 490 Q9 < 49 2] ¢ < o219l o g o ol 6 g 3
55...E_Q(La55...8D8QQ-.-QQ%QQ-"QQ%QQ-.-QD%QQ...OQ%BE."EQB PP PP PITPITPTTPTTITIN ol ro| M = s
o| O (@] o| O (@] o| o (@] o| O o
I B e EE e EE el EE R E R B E el I L
oo O] @ | o © Blal 2|33 8lal x |88 &l < |38 8l x |33 Slal| x|o|© Ola| @ ol © Bl H @
© o g ol ' ~— 7 N Al L N Al D — © o ‘OQ-D:
™ | bl '—‘_‘_ | .'—1_1_ h ~— | | ~—
Ccw2 CwW3 Cw4 CW5
RS-FEC CWO0 RS-FEC CWi1 RS-FEC CW6 RS-FEC CW35
Refresh Refresh Refresh Wake

Leftmost element is the
first transmitted

v

»|  Additive scrambler

Transmit block, composed by 36 RS codewords, 195840 bits
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EEE support @

|__Knowledge Development |

* Block type and control codes

* Block type 0x00 was selected because it is the one with minimum Hamming distance of 4 with all
the used block types Ox1E, 0x2D, 0x33, 0x66, 0x55, 0x78, 0x4B, 0x87, 0x99, OxAA, 0xB4, 0xCC,
0xD2, OxE1, OxFF

 50GMIl uses a subset of block types of XGMI and 25GMII
* LPI can be detected by the receiver based on detection of the control-data header and the block type field of the
65-bit blocks belonging to the Refresh codewords

e 7-bit control codes 0x35 (Refresh) and Ox6A (Wake) have been selected to have a minimum
Hamming distance of 4 with control codes 0x00 /I/, 0x06 /LI/ and Ox1E /E/ and Hamming
distance of 6 between them

* Wake can be detected by the receiver based on detection of the 7-bit control codes of the 65-bit blocks belonging
to the Wake codewords

Data/Ctrl header

tx_block<0> tx_blo:;<64>
65-bit block 030.700'. R RN N RN
+ Aggregate 80x 65-bit blocks, plus 20-bit encoded PHD sub-block
bit 0 bit 19
LPI message

|* 65-bit block 0 | 65-bit block 1| @ @ 65-bit block 78(65-bit block 79| 20-bit PHD sub-block

A4

Add 11 repetitions of the 20-bit PHD sub-block

bit 0 bit 239
LPI codeword \

65-bit block 0 | 65-bit block 1 [ e e|65-bit block 78|65-bit block 79(12 repetitions of 20-bit PHD sub-block <

Figure 166—30—LPI codeword transmission
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EEE support

« PHD decoding

* In normal operation, the BERpHD < 2:10-24 for RFER < 4.5:10-10 (BERpavyLoaD < 10-12) after
RS-FEC decoding and TRC decoding
* |In LPlI mode, there is a concatenation of mRC (m-time repetition code) with the TRC
e Form=11: BERprHp < 7.4-10-41, after mRC and TRC decoding
e Form=9: BERpHp < 2.0-10-34
e Form=7: BERpHD < 5.6-10-28
e Form=5: BERpHD < 1.7-10-21
e Form=3: BERpHp <6.7-10-15

e Selection of m value for the 20-bit PHD sub-blocks decoding depends on receiver
Implementation

e Receiver power saving depends on the implementation, but in general:

» After detected LPI, while receiving Refresh codewords, the receiver only needs to sample,
equalize and detect a small portion of symbols for each codeword: only the last n 65-bit
blocks plus the first m repeated 20-bit PHD sub-blocks are needed to detect Wake
codeword and make robust decoding of PHD content

e Example: ifn=1and m =7, the (1x65 + 7x20)/5440 = 0.0376 —> less than 4% of the
symbols per codeword need to be received

e |n addition, RS-FEC decoder can be fully disabled in LPI

» Values for n and m depend on the receiver implementation

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 28



,,

[ Knowledge Development |

Link budget comparison: BASE-AU vs BASE-SR
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BASE-AU vs BASE-SR

\

Knowledge Development

Characteristics BASE-AU BASE-SR
Data-rates 2.5,5,10, 25, 50 10, 25, 50
Application Tgs range (C) —40to +125 0to +85
OAM channel support YES NO

OAM channel is an Automotive requirement

802.3bp, 802.3bv, 802.3ch, P802.3cy specifies OAM.

OAM is also operative during LPI.
Dependability functions support | YES NO
(link margin, OAM)
Link establishment is YES NO

bidirectional

EEE support

Data-aided timing-recovery
supported

Data-aided equalization
supported

Design startegy

Modal dispersion

Chromatic dispersion

Mode Partition Noise
Main noise limitation
Link budget

Transmitter is validated with
equalized reference RX

PHY TX remains transmitting signals during LPI, however
data generated by PCS is modified wrt normal operation
to allow big power saving , while OAM channel is
operative and wake signal detection is robust.

LPI is defined for 2.5, 5, 10, 25, and 50 Gb/s.

YES
Required the highly sensitive RX for high insertion loss
channels

YES
Required the highly sensitive RX for high insertion loss
channels

Maximize supported channel insertion loss

Small impact

Negligible impact

Negligible impact
Receiver (PD, TIA, Sampling)
Limited by TX distortion and RX noise

YES, for all the rates (Decision Feedback Equalizer)

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting

Fast wake mode, where PCS encodes LPI as in normal
operation. Power saving is very limited in the receiver.
LPI is only defined for 25 and 50 Gb/s.

NO

NO

Maximize link distance

Defines the max distance by ISI limitation.
Specially relevant in 10 Gb/s

Defines the MPN with RMS width.
Specially relevant in 10 Gb/s

Limit the channel capacity. Specially relevant in 10 Gb/s
Transmitter (RIN, MPN)
Limited by TX and channel distortions, MPN and RIN

NO for 10 and 25 Gb/s.
YES for 50 Gb/s (linear Feed-Forward Equalizer)
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Link budget comparison for 25 Gb/s \
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25GBASE-AU 25GBASE-SR
Characteristics Value Notes Value Notes
Max RIN12OMA (dB/Hz) -124 -128
Max variation of wavelength center | +/- 10 +/- 10
(nm)
Max RMS spectral width (nm) 0.7 0.6
Min ER (dB) 4 2
FEC RS (544, 522), t = RS (528, 514), t =
11, GF(210) 7, GF(219)
Max operating distance OM3 (m) 40 70
Min EMB (MHz-km) 950 2000
Min electrical BW (GHz) 16.8 20.2 > (0.75 x 25.78125). Therefore TDEC is
mostly determined by TX
Min OMA TP2 (dBm) -0.5 TDFOM =1 dB -3.0 TDEC = 4.3 dB
Max OMA TP3 stressed sensitivity -9.6 TDFOM =1 dB -5.2 SEC =4.3dB

(dBm)

OMATpP2 minus stressed OMATp3
budget (dB)

Max channel insertion loss (dB)

Stressed budget minus channel
insertion loss (dB)

Connectors insertion loss (dB)

Max cable insertion loss (dB)

i€ 6.9 dB gap P>
|

8.5 I 1.8

0.6 0.2 dB are allocated for bending. 0.4 dB 0.4
for MN

8.0

05 '

TX2.5dB

1.5
‘ 0.3

RX 4.4 dB

and different environmental conditions

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting
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Link budget comparison for 10 Gb/s \
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10GBASE-AU 10GBASE-SR

Characteristics Value Notes Value Notes

Max RIN12OMA (dB/Hz) -120 -128

Max variation of wavelength center | +/- 10 +/-10

(nm)

Max RMS spectral width (nm) 0.7 0.05t0 0.45 Center wavelength and width define min
OMA at TP2, because wavelength defines
EMB and RMS width defines MPN.

Min ER (dB) 4 3

Forward Error Correction RS (544, 522), Common to all the rates. Allows for better NO

t=11, GF(21) sensitivity, robust implementation, higher
yield, lower cost

Max operating distance OM3 (m) 40 300

Min Effective Modal Bandwidth 950 EMB is reduced at 980nm 2000

(MHz-km)

Min electrical bandwidth (GHz) 16.8 4.7 Important contributor to VECP for long
channels

Min OMA TP2 (dBm) -1.7 TDFOM =1 dB -3.8 @ wc 840nm & ww 0.29nm

Min OMA TP3 non-stressed N/A -11.1 No eye closure. Optional characteristic.

sensitivity (dBm)

Max OMA TP3 stressed sensitivity -12.8 TDFOM =1 dB -7.5 VECP =3.5dB

(dBm)

OMAT7r2 minus non-stressed OMA7Tr3 | N/A ’l 7.3 No eye closure penalty (very short OMS3,

budget (dB) B g ap ideal TX with no eye closure)

OMA~p2 minus stressed OMArTp3 11.1 3.8 d 3.7 VECP =3.5dB

budget (dB)

Max channel insertion loss (dB) 10.5 I 2.6

Stressed budget minus channel 0.6 1.1

insertion loss (dB)

Connectors insertion loss (dB) 10.0 1.5

Max cable insertion loss (dB) 0.5 1.1

TX 2.1 dB RX 1.7 dB and different environmental conditions
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Suitability of BASE-U for GI-POF
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OMS3 vs GI-POF link budget for 25 Gb/s \

Knowledge Development

25BASE-AU (OM3) 25BASE-PU (GI-POF)
Characteristics Value Notes Value Notes
Max operating distance (m) 40 15 Objective
Min EMB (MHz-km) 950 200 Convervative
Min electrical BW (GHz) 16.8 9.4 Convervative
Max fiber attenuation (dB/km) 2 100 GIPOF vendor proposal
Max fiber attenuation (dB) 0.1 1.5
Max cable attenuation aging (dB) 0.4 1.0 é%s#zngg?(n balseg gr:jg)(perience with Sl-
additional +0.
Max cable insertion loss (dB) 0.5 2.5
Macro-bending loss (dB) 0.2 0.2
Allocation for modal noise (dB) 0.4 0.4
Max insertion loss per inline 2.0 2.5 Assumed extra 0.5 dB, because
connector (dB) concentricity of 490/55 vs 125/50
Max number of inline conenctions | 4 2
Connectors insertion loss (dB) 8 5
Max channel insertion loss (dB) 8.5 I I 7.5 I
Min OMA TP2 (dBm) -0.5 TDFOM =1 dB -0.5 TDFOM =1 dB
Max OMA TP3 stressed sensitivity -9.6 TDFOM =1 dB -8.6 TDFOM =_1_ c_iB. .
(dBm) éﬁgggr;gll’uwty penalty wrt OM3 is due to
g:gg::(?g)\us stressed OMATp3 9.1 * 1 . O d B d Iff 1 8.1 ‘
Stressed budget minus channel 0.6 0.6

insertion loss (dB)

Stressed budget minus channel 0.0 0.0
insertion loss and allocations for
bending and modal noise (dB)

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting 34




OMB3 vs GI-POF link budget for 10 Gb/s

10BASE-PU (GI-POF)

10BASE-AU (OM3)

\
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Characteristics Value Notes Value Notes

Max operating distance (m) 40 15 Objective

Min EMB (MHz-km) 950 200 Convervative

Min electrical BW (GHz) 16.8 9.4 Convervative

Max fiber attenuation (dB/km) 2 100 GIPOF vendor proposal

Max fiber attenuation (dB) 0.1 1.5

Max cable attenuation aging (dB) 0.4 1.0 Assumption based on experience with SI-
POF (additional +0.6 dB)

Max cable insertion loss (dB) 0.5 2.5

Macro-bending loss (dB) 0.2 0.2

Allocation for modal noise (dB) 0.4 0.4

Max insertion loss per inline 2.5 2.5

connector (dB)

Max number of inline conenctions | 4 3

Connectors insertion loss (dB) 10 7.5

Max channel insertion loss (dB) 10.5 I I 10.0 I

Min OMA TP2 (dBm) 1.7 TDFOM =1 dB 1.7 TDFOM =1 dB

Max OMA TP3 stressed sensitivity -12.8 TDFOM =1 dB -12.3 TDFOM = 1 dB.

(dBm)

OMATpP2 minus stressed OMATps
budget (dB)

Stressed budget minus channel
insertion loss (dB)

Stressed budget minus channel
insertion loss and allocations for
bending and modal noise (dB)

0.5 dB sensitivity penalty wrt OM3 is due
to GI-POF ISI

0.5 dB diff Pf:

0.6 0.6

0.0 0.0

IEEE 802.3dh Task Force - Sept 2022 Interim Meeting
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Conclusions

Knowledge Development

 Comprehensive rational behind the design of P802.3cz BASE-U PCS and
PMA in comparison with BASE-R has been presented

 BASE-U PCS/PMA design obeys to specific requirements of functionality,
performance and environmental conditions of the targeted automotive
application

* Link budget analysis for 10 and 25 Gb/s for OM3 and GI-POF channels have
been presented considering BASE-U PCS/PMA: channel insertion losses
and link budget are similar in P802.3cz and P802.3dh

 Based on all the presented data, | propose to adopt BASE-U PCS and
PMA for 802.3dh

 If we do changes in components for .3dh wrt .3cz that DO NOT rely on
GIPOF itself (i.e. the reason behind .3dh), confusion will be created in the
market that will affect the success of both standards
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Thank you
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