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CFl Announcement

This is a call for interest to initiate a Study Group to develop a PAR and CSD for an
Ethernet Media Independent Interface (Mll) optimized for an exposed interconnect, e.g.,
chip-to-chip. The growing body of [EEE 802.3 Copper PHY standards that operate at
lower speeds has intensified the demand for a modern, optimized MIl. Application of
PHYs such as TOBASE-T1L, TOBASE-T1S, proposed 1T00BASE-T1L, proposed
10BASE-T1TM, and potentially future PHYs would see benefit in both single and multi-
port implementations. Such an effort may afford reduced pin count and implementation
complexity while enabling data for multiple ports on a single interface and support for
features such as PHY-Level Collision Avoidance (PLCA). Most importantly, it could
provide a modern alternative interface for PHYs that would otherwise use various
industry specifications not currently in [EEE Std 802.3.

Contribution to IEEE 802.3



CFl Consensus Building Agenda

Brief History of Ethernet Mll Solutions

Motivating Factors in 802.3da and 802.3dg that Require a new Ml|

Market Considerations

Possible Path Forward

Discussion and Straw Polls

Contri bution to IEEE 802.3



3rief History of Ethernet M
Solutions




[poee: ooz covseo [ Tinespees |
IEEE 802.3 Copper PHY's

802.3i-1990 14 [ 10BASE-T 10 Mbit
802.3az-2010 14 [ 10BASE-Te 10 Mbit
802.3u-1995 21,24,25 [ 100BASE-T (TX) | 100 Mbit
o 8023 iS Stl” deve|opiﬂg new 802.3ab-1999 40 | 1000BASE-T 1 Gbit
copper PHY standards 802.3an-2006 55 | 10GBASE-T 10 Gbit
802.3bp-2016 97 | 1000BASE-T1 | 1 Gbit
" Copper PLY projects nave o [ e
fOCpUpSGd on rateJS be|OW ’I Gblt 802.3bw-2015 96 | 100BASE-T1 100 Mbit
. S09 5002016 126 | 2.5GBASE-T | 2.5 Gbit
- 802.3 has not defined a new Ml 126|5GBASE-T |5 Gbit
for these low-speed PHYs since 802.309-2019 40 10BASETIL | ToMe

1995 147 | T0BASE-T1S 10 Mbit

149 | 2.5GBASE-T1 2.5 Gbit

- Multiple industry specs have 802.3¢h-2020 o [semse T |5
attempted to fill some gaps, but 49| [IeEREET | W0t

significant deficiencies remain oo P e
g 802.3dg-20xx xx | TOOBASE-T1L 100 Mbit
802.3dm-20xx xx | TBD Asymmetric

Contribution to IEEE 802.3



TX_ER

TXD <3:0> :
—>

TX_EN 4
TX_CLK

MII Score Card

Max Data Rate 100 Mbit/s Ethernet

MAC RXD <3:0>
Signal Count 16 Data + 2 Mgmt

Bus Max Clock Rate 25 MHz

Clock Scheme PHY Synchronous
Command Space 4-Dbit

leIninIle CYSSe[alcle Il Tx - 4/16, Rx - 5/16
PLCA Support Yes, Beacon and Commit

MDIO s 2 PHY Mgmt
Controller e e —_— Block




Table 22-1—Permissible encodings of TXD<3:0>, TX_EN, and TX_ER

TX_EN TX_ER TXD<3:0> Indication
O R R R

Assert LPI
PLCA BEACON request

PLCA COMMIT request

_- 0000 through 1111 Transmit error propagation

Table 22-2—Permissible encoding of RXD<3:0>, RX_ER, and RX_DV

through 1

Normal data reception




MII Score Card

Max Data Rate
Signal Count

SerDes Max Rate
Clock Scheme
Command Space
Commands Assigned

PLCA Support

1000 Mbit/s

System Diagrams (SGMII Spec)

4/port + 2 Mgmt

1.25 Gbps

—
CRS" ‘—] ~4— CRS
RX DV = — RX DV
— 802.3z 802.3z —
RX_ER Receive DC:DC:DC:)C:R)X?EEX:)@OC Transmit |*— RX ER
RXD[7:0] PCS PCS L RXD[7:0]
RX CLK l«— RX CK
COL j | Negotiation 80237 Auto-Negotiation| = COL
TX EN TX TX EN
TX FR —» 802.3z > S - TX ER
- g Transmit TXCLK 8 -
TXD[T:0] ——  pcg ——TXD[7:0]
TX CLK a——ro la——TX CLK
GIX CLK —— —GIX CLK

a - CRS function changes when EEE is operating

* TX_ER Suppression

SerDes or Source Sync

Large - Ordered Sets

8 Non-ldle Sets Defined

No

PCS Scheme (Clause 36)

Commands (Clause 36)

Table 36-3—Defined ordered sets

oM Wenagement Registers. cmi
TKD<TO= b Config Reg<D7TD0> x_Cenfig_Reg<DT:D0> RXD<7:0-
br_Config_Reg<D1s:D8>  rx_Config_Fag=D150¢ Code Ordered Set Number of Encoding
Code-Groups
78543210 78543210 i/ | Configuration Alteruating /C1/ and /C2
(2 mitin cetmses |11 [TTITTTT]  cras mivon ccttsey cn Confipuration 1 | 4 /K26.5/D21.5/Config Reg®
2 contrel P il Configuration2 | 4 /K28 52 2Config Reg®
Inputto ENCODE function  HGFEDGBA HGFEDCBA  Outputof DECODE function v IDLE Corvecting 11/, Preserving 12/
a IDLE | 2 K26.5/D5.6/
881108 88108
PCS ENCODE funciion S PCS DECODE function T IDLEZ 2 K285D162
Encapsulation
Oulput of ENCODE function ~ abcdeifghj sbcdeifghj  Inputto DECODE function
10 10 R Carrier_Extend 1 K237
0011111xxx  Properlyaligned commas symbol | 5, Starl_of_Packet | L P
PMA Service Interface PMA Service Intertsce - -
(125 millien code-graups’s) {125 million code-groups/s) 'T' il L L ! K297
tx_code-group<9:0=| 0123456789 0123458789 | m_code-group=<9:0= v Esror Propagaticn| | 1 K307
R Cortecting /LI1/, Preserving /LI
PMD Service Interfacs. PN Service Interface
(1250 millien t_btsls) (1250 milion rx_bita/s) n LPI1 2 /K28.5D6.5/
bit 0 s transmitied frst bit 0 s recaived first
e LP12 2 K26.5/D26.4/

Figure 36-3—PCS reference diagram

"Twao data code-gronps representing the Contig_Reg value.
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MIl Evolution Summary



IEEE and Common Industry MIl Specifications
[ [varoosrae [semicoun  [ovowexreto [owoksoneme  Jcommanaseece ] commancs rssane_Trion ]

Ml 100 Mbit/s 16 Data + 2 Mgmt 25 MHz PHY Synchronous 4-bit Tx - 4/16,Rx - 5/16 Yes
RMII * 100 Mbit/s 7 Data + 1 Clk + 2 Mgmt 50 MHz System Synchronous 2-bit Tx - 2/4, Rx - 2/4 (Note | No
1)
GMII 1,000 Mbit/s 25 Data + 2 Mgmt 125 MHz Source Synchronous 8-hit Tx - 4/256, Rx - 5/256 No
RGMII * 1,000 Mbit/s 12 Data + 2 Mgmt 125 MHz Source Synchronous DDR 8-hit Tx - 2/256, Rx - 4/256 No
SMII * 100 Mbit/s 2/port + 2-5/PHY + 2 Mgmt | 125 MHz System or PHY Synchronous | 8-bit bitfield Tx - 5/8, Rx - 7/8 bits No
SGMII * 1,000 Mbit/s 4/port + 2 Mgmt 1.25 Gbps SerDes or Source Sync K-Code Ordered Sets 8 Non-Idle Sets Defined | No
QSGMII * 1,000 Mbit/s 4/Quad Phy + 2 Mgmt 5.0 Gbps SerDes K-Code Ordered Sets K28.1 Reserved No
(4 Ports) 8 Non-lIdle Sets Defined
USGMII * 1,000 Mbit/s 4/QOctal PHY + 2 Mgmt 10.0, 5.0, SerDes K-Code Ordered Sets K28.1 Reserved No
(8, 4,and 1 1.25 Gbps Packet Control Header 8 Non-Idle Sets Defined
Port Modes) PCH Packet Types
XGMII 10,000 Mbit/s | 72 Data + 2 Clk + 2 Mgmt 156.25 Mhz | Source Synchronous DDR 8-bit Bus Command Tx - 8/256, Rx - 8/256 No
Sequence Ordered Sets | Seq Ord Sets - 4/256
XAUI 10,000 Mbit/s 16 Data + 2 Mgmt 3.125 Gbps SerDes K-Code Ordered Sets Tx - 8/256, Rx - 8/256 No
Sequence Ordered Sets | Seq Ord Sets - 4/256
USXGMII* | 10,000 Mbit/s 4/QOctal PHY + 2 Mgmt 20.625 Gbps | SerDes K-Code Ordered Sets Seq Ord Sets - 4/256 No
(8,4,2,and 1 Packet Control Header PCH Packet Types
Port Modes)

* Industry specification created outside of IEEE
Contribution to IEEE 802.3

See https://www.ieee802.org/3/da/public/May 2022/potterf 3dg_01 012524.pdf for a detailed review of past industry-specified Mlls



https://www.ieee802.org/3/dg/public/May_2022/potterf_3dg_01_012524.pdf
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Common Factors

« Pin Count Reduction

- Industry Ml specifications have
one common thread - fewer pins

Current SPE solutions (SPI, 3-Pin)
address the MAC interface or PHY
PMD and thus do not solve the
challenges in front of our current
SPE projects

Pin count reduction is also
beneficial to already defined PHY
standards such as T0BASE-T1L,
10BASE-T1S, 1T0BASE-T, and
100BASE-TX PHYs

Contribution to IEEE 802.3

New PHY Interface Pin Count Reduction Goals

IEEE 802.3 MII
Current Solution

Possible IEEE
Qutcome

XD
Ethernet TX_CLK
MAC RXD

RX_CLK

MDC

MDIO PHYMgmt
‘ — —

TX_P
Ethernet TXN Ethernet
Octal RX_P Octal

MAC RX_N PHY

Controller Block
PHY Mgmt
A Block

Current SPE Ecosystem Industry Specifications

Open Alliance
TOBASE-T1x TO0BASE-T1S
MAC-PHY Serial Interface PMD Transceiver Interface

SCK TX
Host with
Integrated
MAC/PHY

Open Alliance

pico Ethernet

poci MAC/PHY

CS
- N—

RX ransceiver




I[EEE 802.3dg & 802.3da Motivating Factors

802.3dg 100 Mbps Long-Reach Single Pair Ethernet Benefits
- 802.3dg should provide a modern single-port solution for 100 Mbps data rates
- SPI solution for 10 Mbps no longer works at 100 Mbps
- Three-Pin PMD interface also is problematic at 100 Mbps
- Switch implementations desperately need a simpler multi-port solution
- Existing multi-port Ml solutions require a 10 Gbps SerDes which is overly complex

802.3da 10 Mbps Single Pair Multidrop Segments Enhancement Benefits
- PLCA over MIl presents implementation challenges

- Multi-port MIl solutions requiring a 10 Gbps SerDes are even less appropriate for
10 Mbps PHY implementations

Contribution to IEEE 802.3



Future Projects

- Existing I[EEE and industry specified MIl solutions are adequate for 1 Gbit/s
and faster

- Widely implemented
- Minimal benefit to optimizing for this use case

- Asymmetric PHY projects could benefit from a reduced pin count solution
with adaptive rates

Contribution to IEEE 802.3



Market Considerations



Enable efficient, adoptable SPE implementations

|[EEE 802.3 MII Potential Single-Port Ml Potential Multi-Port Ml|
MIl:MDI Ratio = 8:1 MII:MDI Ratio = 2:1 MII:MDI Ratio = 1:4

™
Ethernet TX_CLK N P1810Ar _
MAC RXD 0y Ethernet
RX_CLK Octal

MAC

A reduced pin count chip-to-chip interface provides more value
per |IC package pin than an Mll-based solution, reducing
implementation complexity and encouraging adoption

Contribution to IEEE 802.3



Market for 10/100 PHYs Could Benefit

- Small processors frequently do not embed PHY's but instead provide a chip-
to-chip MIl interface

- There is still a large market for single-port 10/100 PHYs that is underserved
by existing industry specifications
- |EEE MII = Too pin-intensive
- RMII = Half the pins, but still but room for improvement
- SPI Connected MAC/PHY - Performance suffers in many applications

- Small devices multiplex pins, so choosing to adopt Ethernet instead of legacy
serial buses carries a significant opportunity cost

Contribution to IEEE 802.3



Single-Pair Ethernet Adoption Accelerator

- PHY interconnect complexity for switches is hindering adoption

- Available Ml interfaces prevent efficient implementation of 802.3cg
10-BASET1S and 10-BASET 1L switches

- Octal PHY Implementation Options for 80 Mbit/s total bandwidth
« MIl = 16 pins / port x 8 ports + 2 Mgmt = 130 Pins
« RMII = 8 pins / port x 8 ports + 2 Mgmt = 66 Pins
- SGMII - 32 pins + 2 Mgmt = 34 pins and eight 1 Gbps SerDes!
- USGMII = 4 pins + 2 Mgmt = 6 pins, but requires a 10 Gbps SerDes!



POSssIble

Path Forward



Path Forward - Identified Goals

Goals to Achieve
- Reduce pin count
- Reduce interface speed

- Enable both single and multi-
port PHYs

- Provide support for SPE-
specific features such as PLCA

Qutcomes to Avoid

- Avoid requiring a SerDes for
single-port Mlls

. Avoid complex interfaces and
excessive feature sets

- Avoid precluding features
required by one SPE PHY to
support or expedite another
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Issues for Study Group to
Consider



PLS Reconciliation Sublayer (RS)

service interface

PLS_DATA request

PLS_CARRIER.indication
PLS_SIGNAL.indication

PLS_DATA indication
PLS_DATA_VALID.indication

Figure 148-2—PLCA functions within th

TXD<3:0>

PLCA
CMD RXD<3:0>

DETECT

Reconciliation Sublayer (RS)




Single-Port Configuration
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Multi-Port Configuration
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Controller e — Block




Single-Port Configuration

TXD
—>

Ethernet TX_CLK
MAC RXD

MDIO psesam——— PHY Mgmt
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Discussion and Straw Polls



Proposed
Pin Optimized PHY Interface
Study Group Motion

Move that the I[EEE 802.3 Working Group request the formation of a
Study Group to develop a Project Authorization Request (PAR) and
Criteria for Standards Development (CSD) responses for an Ethernet
Media Independent Interface (Mll) optimized for an exposed
iInterconnect.



Straw Poll Question # 1

Should a study group be formed to develop a PAR, CSD responses,
and objectives for “Pin Optimized PHY Interface”?

avYes
aNo
QAbstain



Straw Poll Question # 2

Would you participate in the "Pin Optimized PHY Interface" Study Group
in IEEE 802.37

avYes
aNo
QAbstain



Straw Poll Question # 3

Do you believe your affiliation would support your participation in the
"Pin Optimized PHY Interface" Study Group in IEEE 802.37

avYes
aNo
QAbstain



Supporting Material



Previous MIl Straw Poll
Results



Feature Requirement Straw Poll Results Summary

Control Bandwidth Reservation 15 2 3 13
Embedded MDIO 16 5 3 10
PTP Timestamping 14 9 1 10
Frame Preemption (802.1Q IET) 9 4 1 18
Energy Efficient Ethernet (LPI) 15 8 0 8
Four-Pair 10/100 PHY Compatibility 15 2 2 15
Half-Duplex Operation (COL) 15 4 2 11
Half-Duplex Late Collision Frame Correlation 4 4 4 24
PLCA Support 13 1 1 17

Options: Mandatory Feature, Optional Feature, Omit Feature

Contribution to IEEE 802.3



Previous MIl Presentations



Previous Mll-Related Presentations in 802.3dg
= lw Jumw Fowoms |

Modifications to Constant Latency MIl Encoding and

Ordered Sets Onto 8N/(8N+1) encoder

William Lo

Axonne

Sept 16, 2024 - IEEE 802.3
Interim

Progressing the MIl discussion

Jason Potterf

Cisco Systems

July 15, 2024 - |EEE 802 Plenary

Constant Latency MIl Encoding and Ordered Sets
Onto 8N/(8N+1) encoder (01a)

William Lo

Axonne

July 15, 2024 - IEEE 802 Plenary

Ethernet Mll Interfaces Refinement of Previous
Proposals (LATE - updated with straw polls)

Jason Potterf

Cisco Systems

March 11, 2024 - |IEEE 802
Plenary

March 11, 2024 - |IEEE 802

MIl to SMII Proposal William Lo Axonne
Plenary
Adding Sequence Ordered Set to Ml William Lo Axonne el (Nl APt S S0P

Plenary

802.3 MIl Options - Past, Present, and Proposals
for the Future

Jason Potterf

Cisco Systems

January 25, 2024 - |EEE 802.3
Interim

November 15-16, 2023 - IEEE

Enhanced SMII Proposal William Lo AXonne 500 Pl
Further Consideration on the new MIl Tingting Zhang, Dongcheng Pan,Yan Zhuang Huawei E?Srtiiwmber 13, 2023 - IEEE 802.3
Huawei

Thoughts on the new M|

Dongcheng Pan, Tingting Zhang, Yan Zhuang

Technologies

July 11, 2023 - |IEEE 802 Plenary

|EEE 802.3dg - Need for a new MII? (revised vip1)

Piergiorgio Beruto

On Semiconductor

May 17, 2023 - IEEE 802.3
Interim

Contribution to IEEE 802.3



https://www.ieee802.org/3/dg/public/May_2024/Lo_3dg_02_0924.pdf
https://www.ieee802.org/3/dg/public/May_2024/Lo_3dg_02_0924.pdf
https://www.ieee802.org/3/dg/public/May_2024/Potterf_MII_NEA_Presentation_Draft_2024-07-10.pdf
https://www.ieee802.org/3/dg/public/May_2024/Lo_3dg_01a_0724.pdf
https://www.ieee802.org/3/dg/public/May_2024/Lo_3dg_01a_0724.pdf
https://www.ieee802.org/3/dg/public/May_2022/Potterf_MII_Proposals_Expansion_2024-03-12.pdf
https://www.ieee802.org/3/dg/public/May_2022/Potterf_MII_Proposals_Expansion_2024-03-12.pdf
https://www.ieee802.org/3/dg/public/May_2022/Lo_3dg_02_03112024.pdf
https://www.ieee802.org/3/dg/public/May_2022/Lo_3dg_01_03112024.pdf
https://www.ieee802.org/3/dg/public/May_2022/potterf_3dg_01_012524.pdf
https://www.ieee802.org/3/dg/public/May_2022/potterf_3dg_01_012524.pdf
https://www.ieee802.org/3/dg/public/May_2022/Lo_3dg_01_11152023.pdf
https://www.ieee802.org/3/dg/public/May_2022/Tingting_3dg_01_13_09_2023.pdf
https://www.ieee802.org/3/dg/public/May_2022/Tingting_3dg_11_07_2023.pdf
https://www.ieee802.org/3/dg/public/May_2022/beruto_3dg_20230515_new_mii_1p1.pdf
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