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Agenda

« Review Past Mll Solutions

Parallel Buses - MlIl, RMII, GMII, RGMII
Command Space in Parallel Buses

Serial Buses — SMII, SGMI|I

Multi-Port Serial Buses — QSGMII, USGMII
10G/mgig MIl — XGMII, USXGMII, MP-USXGMII

« Path Forward Proposal
- Leveraged solution for multi-port and single-port 10/100 HD&FD SPE

Contribution to IEEE P802.3dg 100 Mb/s Long-Reach Single Pair Ethernet Task Force



Motivation



Motivation

« 802.3dg wants a new Ml
« Needs to provide a modern single-port solution for 100 mbit/s data rates
« Also need to solve multi-port applications to enable switch density

« 802.3da also wants a new M|
« Needs to solve PLCA control challenges
« Even legacy parallel buses are deficient for PLCA!

« Why this presentation?
« 802.3dg would benefit from understanding the 802.3da PLCA problem

« Most Ml specifications are industry specs outside of IEEE, so an overview would
be beneficial to the group

Contribution to IEEE P802.3dg 100 Mb/s Long-Reach Single Pair Ethernet Task Force



MII Evolution
The Parallel Busses



TX_ER
TXD <3:0>

e 2
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-bit

Commands Assigned Tx - 4/16, Rx—5/16

PLCA Support Yes, Beacon and Commit MDC

MDIO T PHY Mgmt
Controller e Block




RMII Score Card
Max Data Rate 100 Mbit/s Ethernet
Signal Count 7 Data + 1 Clk + 2 Mgmt
Bus Max Clock Rate
Clock Scheme System Synchronous
Command Space 2-bit
Commands Assigned Tx - 2/4, Rx — 2/4 (Note 1)

PLCA Support MDC

MDIO T PHY Mgmt
Controller e Block




MII Score Card

Max Data Rate
Signal Count

Bus Max Clock Rate
Clock Scheme
Command Space
Commands Assigned

PLCA Support

1000 Mbit/s

25 Data + 2 Mgmt
125 MHz

Source Synchronous

8-bit

Tx - 4/256, Rx — 5/256

MDIO
Controller

TX_ER
TXD <7:0> :
TX_EN g
GTX_CLK

coL

RXD <7:0>

PHY Mgmt
Block




RGMII Score Card

Max Data Rate
Signal Count

Bus Max Clock Rate
Clock Scheme
Command Space
Commands Assigned

PLCA Support

1000 Mbit/s
12 Data + 2 Mgmt

125 MHz

Source Synchronous DDR

8-bit

Tx - 2/256, Rx —4/256

Ethernet

MDIO
Controller

TX_CTL

Ethernet

PHY Mgmt
Block




MII Evolution
Parallel Bus Command Space



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

TX_EN TX_ER TXD<3:0= Indication

o [ e aeam
oo moamconeeer
e mocowmee
O owwemin mew
D0 oo | e
IR R Ty ey

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

RX_ER

0000 through 1111

Q010
0011
0100 through 1101

0000 through 1111
0000 through 1111

Indication
Normal inter-frame
Normal mter-frame
Assert LPI
PLCA BEACON indication

PLCA COMMIT indication

Reserved

False Carrier indication

Reserved
Normal data reception

Data reception with errors




RX_DV

Table 35-1—Permissible encodings of TXD<7:0>, TX_EN, and TX_ER

00 through FF
I (L1 I
ol
[ 02 through 0E I
' 0oF I
I 10 through 11 I
! " !

Nommal inter-frame

Reserved

I Assert LPI

R
Carrier Extend

Reserved

Carrier Extend Error

Reserved

Normal data trar om

RX_ER RXD<T:0=

00 through FF

02 through 01

20 through FF

) through FF

O} through FF

Tr Il ermor propagation

hexadecimal.

Normal data reception

NOTE—Values in RXD<7:0> column are in hexadecimal.

TEND {eight bits)
TEND_ERROR (eight

L ONE (eight bits)

No applicable meter

No applicable parameter

No applicable parameter

No applicable parameter




TXD <1:0>

REF_CLK

Ethernet
MAC RXD <1:0>

MDIO
Controller

TXD <3:0>

GTX_CLK

Ethernet
MAC RXD <3:0>

MDC

PHY Mgmt
Block

Ethernet
PHY

MDI0 pewese— PHY Mgmt

MDIO
Controller
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The Serial Buses



System Diagrams e
d o1 : KYTELK Octal
4 R Quad RX_SYNC PHY
SYNC PHY ] RY
8 Port 16 Port
e MAC
: K Quad TX_CLK
Mil Score Card - — “ine
T Octal
. - RX CLK PHY
Max Data Rate 100 Mbit/s Typical SMIl System e
Signal Count 2/p0rt + 2'5/PHY +2 Mgmt Timing Diagrams Source Synchronous SMIl System
Regewoek__— — . L~ . . 1. -1t r-1i it r°*
Bus Max Clock Rate 125 MHz wosme_|—h | || [ ] |
LS L G !r |
Clock Scheme System or PHY Synchronous R e R
. . pe T S ) N Y TN TR O LAY O
Command Space 8-bit bitfield
: : Command Bit Assignments
Commands Assigned Tx - 5/8, Rx — 7/8 bits e [ V][ me | momi | ooz | mms | mns | w0 | mome | moor |
PLCA Support No = ! Ouunmar-urwmnmxlbmn'ul -
RXD7-0 Encoding
TX_ER TX_EN TXDO TXD1 TXD2 TXD3 TXD4 TXD7-5
* ! :n!n‘:mk::; ml\inmr Full ILwln |.u| Up No jolvlqg '
x 1 | = O Thata Byse (Two M1 Data Niblses) | 15




MiII 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 Gb/s

CRS® *—I

RX DV = 802.3z
RX_ER Receive
RXD[7:0] =i PCS
RX_CLK

TX EN

~<— CRS
023z [T XDV
o e 8023z .
Transmit [ RX LR
RXCLE PCS et RXD[7:0]
l«— RX (K

< COL

802,37 Auto-Negotiation

SerDes or Source Sync

Large — Ordered Sets

8 Non-Idle Sets Defined

No

™ TX_EN
. e ——— 2.3
TX_ER ———=| 8023z 802 32 TX ER
I Transmit TXCLE Receive 5
IXD[7:0] ——=  pcg pes  [IXD[T0)
TX LK -— le——TX_CLK
GIX CLK ————| —=GIX_CLK
a - URS function changes when EEE is operating * TX ER Suppression
PCS Scheme (Clause 36) Commands (Clause 36)
Table 36-3—Defined ordered sets
aMIl Managemsent Registers oMl
TADT 0 tx_Config_Reg<D7 00= L Reg<D7 00- RED=T7 (-
= oty Reg<DI5DE= s Confa_Reg-Di5:D6= Number of .
Code Ordered Set Codestivmap Encoding
76543210 TES43210 | Configuration Altemating €1/ and (€2
(125 Prilion ocoets's) [DIIIII IIIII[[I (125 milion sctetys) c Cenfigmation | 4 K28 5D S Confip Rug®
— “a-w ¥ Couligmastion 2 | 4 K28.5D22 Confie_Ree®
e ENCODE hcton  HGFEDEDA HGFEDEDA  Cuiwief DICCOE funcin [ NLE Conecting 11/, Preserving 12
T LE 1 : K285D56
swie sere
PES ENCODE functon Enceder Dezader PG4 DECODE incicn 2/ IDLE 2 2 K285D162
Encapsulation
Oupud of ENCODE hntion  abedeifghi abednitghi  Inpul to DECODE hometiom
10 fno B Camier Extend | 1 K237
OO11100nnx  Propery signed comma- symbol - Star of Packet 1 KT
PMA Sorvce Intorface H:F PMA Sorvce Intorface I I T aem
126 - 1125 mllon codle-grrpaisl I End_af Packet 1 K297
o _sodegreupsde | 0123458788 Q123456788 | m_codegroup<dls v Enor_Propagation | 1 K3
LU L Conecting 'LIL, Preserving (LLY
PMO Service interface PMD Service interface
(1250 milion tx_binie) (1256 millin ox_Eits'n) LAT LRI 2 KI84D68
bt s rammiged frst b0 7 receved frat -
ity | LE2 2 K28 SDI6.4

Figure 36-3—PCS reference diagram

Two dstn code-groups epresenting the Config_Reg valoe
16




CRS*
RX_DV 8023z
Receive

802.3z
Transmit

a - CRS function changes when 1

is operating

* TX ER Suppression

- CRS
RX_DV
RX ER
RXD[7:0]
RX CK

TX_EN
TX ER
TXD[7:0]
TX_CLK
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The Multi-Port Serial Busses



MiII Score Card

Max Data Rate
Signal Count
SerDes Max Rate
Clock Scheme
Command Space

Commands Assigned

PLCA Support

1000 Mbit/s, 4 Ports

NP MAC

QSGMII
Overview

QSGMII PCS TX Scheme QSGMII PCS RX Scheme

4/Quad Phy + 2 Mgmt

5.0 Gb/s

SerDes

Large — Ordered Sets

K28.1 Reserved
8 Non-ldle Sets Defined

No

Management Registers Management Registers
M1l _Config_Reg=D7:Di=
) n : e Condi <T¥7-D0 GMIL
TXDT0: w Confiz R(g DS DS m-‘._.«“rg-kws ‘D14 D§- RXD-T0-
76543210

(125 million oetets’s)

. +ﬁ | ﬂ;mml F.hit conmter |
Input to ENCODE function  HGFEDCBA \Tml/:mamrm
Swapper operates on [ ,:&5 ;. 280" | K281 detect
g

octets 4 control

Tes43210
(300 million octets's)
8+ control b carrier derect
HGFEDCBA  Output of DECODE fimction

SR 10B
Diecoder &
- - CODE ier detec)
Outpus of ENCODE function  abedeifghj r carrier_deiee: E“Enlriﬁ( & carrier_ t
Samsction
10 disparin EN
PMLA Service Interface abedeifghj  Input to DECODE function
(506 million code-gronps s) 710
. o E Ty aligned commn tsymbaol
_code-group=9:0- | el 01110 xxx Properly align B
v PMA Service Interface
PMD Service Inirface e (500 million code-groups's)
i rvice In Ll 1 o_code-group=9.0c-
{00 i tx_bits 5} 0123456789 -
bit 0 is transmitted first *See Note!
QSGMIL Modified Figure 36-3-PCS reference diagram PMD Service Interface
(ehages are shovrn with flfcized rext (5000 million rx_bits's)

bit O 15 received fisst 19

QSCMIT Modified Figure 36-3-PCS reference diagram
| fehanges are shown with italicized rext)



USGMII Overview

Port ASIC PCS PHY PCS

N-bit Counter
4
PCS « " o
%% from ? g = § % GMII(8)+CNTL 1)';"C°glf|e-d
?0)802,31 ] - % @ ;’ga'\r)lsmn
= r | ST
MiIl Score Card e B I SN | e vfgzal
Disparitv EN EN EN T‘%
Max Data Rate 1000 Mbit/s, with 8, 4, and
1 Port Modes e s
Modified i
S ” -l | PCS
. Transmit g £ g 7 X1 [RX DV
Signal Count 4/0ctal PHY + 2 Mgmt i 2 oaf £ [ € o ] il
% ENJ gshz\fm) T - T E El : 8023 Ly
TX _ER) oz - — =
SerDes Max Rate 10.0, 5.0, 1.25 Gb/s = SRS
TX_M - Scrambler Disnaritv EN
EN De-Scrambler
EN
Clock Scheme SerDes
Packet Control Header PCH Packet Types
Command Space Large — Ordered Sets 00: Ethernet Packet with PCH
k | d | Preamble (8-byte) | 01: Ethernet packet, without
Packet Control Header ! ! PCH (packet information)
IDLE | SOP | 0635 | 065 | OG5 | 0:65 | 0655 | 0255 | SFD Packet data 10: Idle Packet — Contains
Commands Assigned K28.1 Reserved statﬂstd;t?foraport—no
. (A) packet data
8 Non'ldle SetS DefII"IEd STARTPFPACKET | 11: Preemption Frame, aka
\ | Interspersing Express Traffic
PCH Packet Types (I]B(Ifoﬁ (sooxfpb ) :yl;(e Fs’za- Eixetlﬁ Extension Field (40-bit) ggf\:k Packet data (|ET) F;rameg p
8-bit (z_; |zbit TZ}:ETt (8-bit)
PLCA Support No e In-Band PTP Timestamps

via Extension Field -,
\ ® J
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PLS Service Primitives Reconciliation Sublayer XGMII Signals

TXD<31.0>
PLS_DATA request TXC<3:0>

TX_CLK

PLS_SIGNAL indication
RXD<31:0=
PLS_DATA indication RXC<3:0>
RX_CLK
PLS_DATA_VALID.indication

PLS_CARRIER.indication

Figure 46-2—Reconciliation Sublayer (RS) inputs and outputs

First Bﬂ_\l! MAC's Serial Bit Stream

XGMIl Lane 1 yiPLane 2 XGMIl Lane 3

w
@E B¢ D <16+ RXD<235RXD <24 RXD<31>
N [N
, N\ ]

MAC’s Serial Bit Stream

Figure 46—-4—Relationship of data lanes to MAC serial bit stream




USXGMII Modes

USXGMII Type Num Network Port Types Replications — E@S SERDES
Prts Lowest to Highest Speed

data speed (Gbps)

10G-USXGMII 100M/1G/2.5G/5G/10G 100,10,4,2,1 | Clause 49 | 10.3125
5G-USXGMII T00M/1G/2.5/5G 50,5,2, 1 515625

USXGMII Modes

MP-USXGMII Type Num Network Port Types Replications — PCS SERDES
Prts Lowest to Highest Speed

data speed (Gbps)

10M/100M/1G/2.5/5G 500/50/5/2/1 5.15625
10M100M/1G/2.5G/5G 500/50/5/2/1 10.3125

G-SXGMII
0G-DXGMII

0G-DXGMII
.5G-SXGMII

G-DXGMII 10M/100M/1G/2.5G 250/25/2.5/1 Clause 49 |5.156
2 1

10M/100M/1G/2.5G/5G/10G|1000/100/10/4/2/1
10M/100M/1G/2.5G 250/25/2.5/1 2.578125

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

0000 through 1111 Normal inter-frame

000 Reserved

0001 Assert LPI
Hoin PLCA BEACON request Table 36-3—Defined ordered sets

PLCA COMMIT request
umber
0100 through 1111 _m

0000 through 1111 Nornsal data transmission _ .
0000 rough 1111 | Tt e propegeion [| | Condoment [0 |

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

Indication
Nommal inter-frame

Nogmal inter-frame

100 throwgh 1101 Reserved
[ e | s Carmier ineication
[ 1) [ Reserved
Normal data reception

W00 through 1111 Diata reception with emrors







Single-Port Configuration

TXD
Ethernet TX_CLK q Ethernet
MAC RXD PHY
RX_CLK
MIl Score Card =
Max Data Rate 100 Mbit/s, with 8 and 1 Port Modes MDC
PHY Mgmt
Signal Count 4 per PHY + 2 Mgmt Controller P MDIO Block
Clock Scheme SP -125 MHz Source Sync Clock
MP - 1.0 Gb/S SerDes Multi-Port Configuration
TX_P
06 LT el Amended Clause 36 Ordered Sets, e N e
Packet Control Header Octal v Octal
Features PTP Timestamp via PCH MAC R N PHY
Preemption via PCH -
EEE via Ordered Sets MDC
PLCA via Ordered Sets e MDIO PHY Mgmt

Controller ¥ Block

27




Implementation Rough Sketch

Start with Cisco USGMII Specification

« https://developer.cisco.com/site/usgmii-usxgmii/

Use amended Clause 36 ordered sets with added PLCA support

Update config register definitions

Change rates to 1/10™ USGMII data rates

« Consider omitting scrambler

Adopt SGMII-style source-synchronous clocking for lower complexity options:
+ Single-ended SDR data + 125 MHz Clock
+ Single-ended DDR data + 62.5 MHz Clock
 Differential Data + Clock (at cost of 2x pins)
+ Differential Data + Clock Recovery (SerDes)

Contribution to IEEE P802.3dg 100 Mb/s Long-Reach Single Pair Ethernet Task Force


https://developer.cisco.com/site/usgmii-usxgmii/

Questions and Discussion



Specific Feedback Sought

Clause 36 PLCA Ordered Set fix should be done in IEEE 802.3, but should it be part of
.3dg or a one-off quick effort?

« Should MlIl Spec be done as an industry spec to accelerate the existing SPE market?
« Do we want to bump the multi-port SerDes to 1.25 Gb/s to enable in-band MDIO?

« Same question, but for single-port, source-synchronous interface by faster clock
and/or DDR data transfer methods to enable in-band MDIO?

« Is using a common Clause 36 PCS coding scheme for both single and multi-port
interfaces beneficial?

« Are we deluding ourselves in thinking the MAC will be in charge of PLCA?
« If so, should we pivot to a model where PHY-based PLCA is explicitly supported?

Contribution to IEEE P802.3dg 100 Mb/s Long-Reach Single Pair Ethernet Task Force
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