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Introduction and objectives
• In [1] it was demonstrated that 50 Gb/s is feasible in extreme temperatures 

(-40ºC, 25ºC and 125ºC) using PAM4 modulation scheme, even using a VCSEL 
not designed for that aim, when the proper transmitter and receiver are used 
(i.e. TX FFE, RX timing-recovery & equalization, etc)


• In [2] a worst link budget assessment was presented for 50 Gb/s operation over 
40 m OM3 fiber with 950 MHz·km EMB and 2 inline connections


• Both, [1] and [2] considered current densities below the limits reported in [3] to 
meet with the reliability and mission profile requirements 


• This contribution is a PCS and PMA baseline proposal for 50 Gb/s consistent 
with the presented link budget analysis and currently adopted PCS and PMA 
sublayers for 25, 10, 5 and 2.5 Gb/s


• This contribution does NOT include the needed extensions for optional EEE, 
however it does not preclude them. Baseline proposal for LPI is still pending 


• This contribution does NOT include PMD, MDI and medium specifications 
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Reference models
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IEEE Std 802.3-2018, IEEE Standard for Ethernet
SECTION FOUR

441
Copyright © 2018 IEEE. All rights reserved.

46. Reconciliation Sublayer (RS) and 10 Gigabit Media Independent 
Interface (XGMII)

46.1 Overview

This clause defines the logical and electrical characteristics for the Reconciliation Sublayer (RS) and
10 Gigabit Media Independent Interface (XGMII) between Ethernet media access controllers and various
PHYs. Figure 46–1 shows the relationship of the RS and XGMII to the ISO/IEC (IEEE) OSI reference
model.

The purpose of the XGMII is to provide a simple, inexpensive, and easy-to-implement interconnection
between the Media Access Control (MAC) sublayer and the Physical Layer (PHY). The 10 Gigabit
Attachment Unit Interface (XAUI) may optionally be used to extend the operational distance of the XGMII
with reduced pin count (see Clause 47).

The RS adapts the bit serial protocols of the MAC to the parallel encodings of 2.5 Gb/s, 5 Gb/s, and 10 Gb/s
PHYs. Though the XGMII is an optional interface, it is used extensively in this standard as a basis for
specification. The 2.5 Gb/s, 5 Gb/s, and 10 Gb/s Physical Coding Sublayers (PCS) are specified to the
XGMII, so if not implemented, a conforming implementation shall behave functionally as if the RS and
XGMII were implemented.

PRESENTATION

APPLICATION

SESSION

TRANSPORT

NETWORK

DATA LINK

PHYSICAL

OSI
REFERENCE

MODEL
LAYERS

ETHERNET
LAYERS

MAC = MEDIA ACCESS CONTROL

MDI

MEDIUM

PMA
PCS

PMD

HIGHER LAYERS

LLC (LOGICAL LINK CONTROL) OR OTHER MAC CLIENT

MAC CONTROL (OPTIONAL)

MAC

RECONCILIATION

XGMII

Figure 46–1—XGMII relationship to the ISO/IEC Open Systems Interconnection (OSI)
reference model and the IEEE 802.3 Ethernet model
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Figure 113–6—PCS Transmit bit ordering

XLGMII TXD<0> TXD<31> TXD<32> TXD<63>

D0 D1 D2 D3 D4 D5 D6 D70 7

LDPC frame

Aggregate 50 65B blocks / 

LDPC(1723,2048) encoder

PMA service

Data/Ctrl header

Bit mapper: (3 RS-FEC-coded, 4 LDPC-coded) to DSQ128

4D-PAM16<0> 4D-PAM16<255>

tx_coded<0>

512x3 RS-FEC-coded bits

Output of transcoder

513B block 1 513B block 6513B block 2

RS-FEC (192,186) encoder

auxiliary bit

65B Block 49

512x4 LDPC-coded bits

PAM161<0> PAM162<0> PAM162<4> PAM162<508>...PAM161<4> PAM161<508>
PAM161<1> PAM162<1> PAM162<5> PAM162<509>...PAM161<5> PAM161<509>
PAM161<2> PAM162<2> PAM162<6> PAM162<510>...PAM161<6> PAM161<510>
PAM161<3> PAM162<3> PAM162<7> PAM162<511>PAM161<7> PAM161<511>

interface

Pair A
Pair B
Pair C
Pair D ...

Transcode first 48 to 512B/513B

Scrambler

65B Block 50

513B block 1 513B block 6513B block 2 65B Block 4965B Block 50

2 zero-pad bits

See NOTE 1.

25GMII TXD<0> (1st Transfer) TXD<31> TXD<0> (2nd Transfer) TXD<31>
or

NOTE 1—Zero-pad replaced with random bits for transmission.
NOTE 2—This figure shows the mapping from the 25GMII/XLGMII to a 64B/65B block for a block containing
eight data characters.

Output of encoder 
function 65B block (see 
Figure 113–18a and 
Figure 113–18b)

tx_coded<64>
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Encoding of 50GMII into 65B blocks 
as specified in C/113 for XLGMII 
Output of encoder function 65B block.

50GMII

Aggregate 80x65B blocks and, plus header block

65B block 0 65B block 1 65B block 78 65B block 79 20-bit PHD block

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

65B block 0 65B block 1 65B block 78 65B block 79 PHD block 220-bit Parity

Aggregate 36 RS-FEC codewords

CW0 CW1 CW2 CW34 CW35

Additive scrambler

bit195839bit195838bit3bit2bit1bit0

Transmit block, 195840 bits

Each RS-FEC codeword contains a different 
20-bit header block. Transmit block is 
composed by 12 20-bit header blocks 
repeated 3 times

Leftmost element is the 
first transmitted 

Leftmost element is the 
first transmitted 

Leftmost element is the 
first transmitted 

Leftmost element is the 
first transmitted 

Leftmost element is the 
first transmitted 

bit 219bit 0

bit 19bit 0

Same as 25/10/5/2.5GBASE-AU
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Figure 113–10—64B/65B block formats for 40GBASE-T
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Blocks consist of 65 bits. The first bit of a block is the data/ctrl header. Blocks are either data blocks or control blocks. The data/ctrl header is 0 for data blocks and 1 for 
control blocks. The remainder of the block contains the payload. 

Data blocks contain eight data characters. Control blocks begin with an eight-bit block type field that indicates the format of the remainder of the block. For control blocks 
containing a Start or Terminate character, that character is implied by the block type field. Other control characters are encoded in a seven- bit control code or a four-bit O 
Code. Each control block contains eight characters. 

The format of the blocks for 50GBASE-AU is as shown in Figure 113–10. In the figure, the column labeled Input Data shows, in abbreviated form, the eight characters used 
to create the 65-bit block. 

The control characters and their mappings to 50GBASE-AU control codes and 50GMII control codes are specified in Table113–2 as for 40GBASE-T. 
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Table 113–1—Control codes for 25GBASE-T

Control character Notation 25GMII 
control codes

25GBASE-T 
control codes

25GBASE-T 
O code

idle /I/ 0x07 0x00

LPI /LI/ 0x06 0x06

start /S/ 0xFB Encoded by block type 
field

terminate /T/ 0xFD Encoded by block type 
field

error /E/ 0xFE 0x1E

Sequence ordered set /Q/ 0x9C Encoded by block type 
field plus O code

0x0

reserved0 0x1C 0x2D reserved0

reserved1 0x3C 0x33 reserved1

reserved2 0x7C 0x4B reserved2

reserved3 0xBC 0x55 reserved3

reserved4 0xDC 0x66 reserved4

reserved5 0xF7 0x78 reserved5

Signal ordered seta

aUsed by INCITS T11 Fibre Channel.

/Fsig/ 0x5C Encoded by block type 
field plus O code

0xF

Table 113–2—Control codes for 40GBASE-T

Control character Notation XLGMII 
control codes

40GBASE-T 
control codes

40GBASE-T 
O code

idle /I/ 0x07 0x00

LPIa /LI/ 0x06 0x06

start /S/ 0xFB Encoded by block type 
field

terminate /T/ 0xFD Encoded by block type 
field

Authorized licensed use limited to: IEEE 802 Committee. Downloaded on September 18,2018 at 16:41:18 UTC from IEEE Xplore.  Restrictions apply. 
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113.3.2.2.7 Ordered sets

Ordered sets are used to extend the ability to send control and status information over the link such as remote
fault and local fault status. Ordered sets consist of a control character followed by three data characters.
Ordered sets always begin on the first octet of the 25GMII or XLGMII. 25 Gigabit and 40 Gigabit Ethernet
use one kind of ordered set: the sequence ordered set (see 81.3.4). The sequence ordered set control
character is denoted /Q/. An additional ordered set, the signal ordered set, is defined and it begins with
another control code. The four-bit O field encodes the control code. See Table 113–1 for the mappings for
25GBASE-T, and Table 113–2 for the mappings for 40GBASE-T.

113.3.2.2.8 Idle (/I/)

Idle control characters (/I/) are transmitted when idle control characters are received from the
25GMII/XLGMII. Idle characters may be added or deleted by the PCS to adapt between clock rates. /I/
insertion and deletion shall occur in groups of 4. /I/s may be added following idle or ordered sets. They shall
not be added while data is being received. When deleting /I/s, the first four characters after a /T/ shall not be
deleted.

113.3.2.2.9 LPI (/LI/)

Low power idle (LPI) control characters (/LI/) on the 25GMII/XLGMII indicate that the LPI client is
requesting operation in the LPI transmit mode. A continuous stream of LPI control characters (/LI/) is used
to maintain a link in the LPI transmit mode. Idle control characters (/I/) are used to transition from the LPI
transmit mode to the normal mode. PHYs that support EEE respond to the LPI 25GMII/XLGMII control
characters using the procedure outlined in 113.1.3.3. LPI characters may be added or deleted by the PCS to
adapt between clock rates. /LI/ insertion and deletion shall occur in groups of four. /LI/s may be added
following low power idle characters. They shall not be added while data is being received. 

If EEE is not supported, then /LI/ is not a valid control character.

113.3.2.2.10 Start (/S/)

The start control character (/S/) indicates the start of a packet. This delimiter is only valid on the first octet of
the 25GMII (TXD<7:0> and RXD<7:0>), or XLGMII (TXD<7:0> and RXD<7:0>). Receipt of an /S/ on
any other octet of TXD indicates an error. For 25 Gb/s and 40 Gb/s transmission, block type field values
implicitly encode an /S/ as the first character of the block. These are the only characters of a block on which
a start can occur.

error /E/ 0xFE 0x1E

Sequence ordered set /Q/ 0x9C Encoded by block type 
field plus O code

0x0

Signal ordered setb /Fsig/ 0x5C Encoded by block type 
field plus O code

0xF

aUse of idle and LPI ordered sets per 81.3.
bUsed by INCITS T11 Fibre Channel.

Table 113–2—Control codes for 40GBASE-T (continued)

Control character Notation XLGMII 
control codes

40GBASE-T 
control codes

40GBASE-T 
O code

Authorized licensed use limited to: IEEE 802 Committee. Downloaded on September 18,2018 at 16:41:18 UTC from IEEE Xplore.  Restrictions apply. 
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PCS binary scrambler
• Same binary scrambler as the one specified for 2.5, 5, 10 and 25GBASE-AU 

shall be used to scramble the 195840 bits composing the transmit block from 
the 36 RS codewords


• However, the shift register of the LFSR shall be initialized with a different 
value, searched to maximize the main correlation peak and to minimize the 
secondary correlation peaks, when Transmit Block synchronization is 
implemented by cross correlation functions (same criteria of [4])

• Reset value needs to be re-calculated because both PAM4 modulation format with 

specific mapping is used and Local Fault sequential ordered sets are encoded in 
different way when 50GMII is encoded into 65-bit blocks


• The shift register shall be initialized with hexadecimal value 0x020492C for 
each transmit block, where the leftmost digit corresponds to the initial value 
of register element r[0]. The initial value of r[0] is xor-ed with the first bit from 
the first RS codeword to generate the first bit of the binary sequence that 
feeds the PAM4 mapper

6
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PMA transmit function
• The PMA transmit function shall map the bits stream from PCS transmit 

function into PAM4 (Pulse Amplitude Modulation of 4 levels) symbols


• The PMA transmit function shall map pairs of consecutive bits into PAM4 
symbols according to the following mapping function:

• Bits b2·k and b2·k+1 shall be mapped to symbol sk, taking k values from 0 through 97919

• For any k, the pair {b2·k, b2·k+1} shall be mapped to sk as follows


• {0, 0} ➜   -1 

• {1, 0} ➜   -1/3

• {1, 1} ➜  +1/3

• {0, 1} ➜  +1


• The total number of symbols generated by the PMA transmit function shall be 
97920 symbols per transmit block

7
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PMD mapping
• The PMD transmit function shall convert the symbols stream from the PMA 

transmit function into optical symbols stream. The optical symbols stream 
shall then be delivered to the MDI, according to the transmit optical 
specifications (not included in this contribution). 


• PAM4 symbols mapping into PMD optical intensity modulation levels

• sk = -1 ➜ Lowest optical power level (P0), after transient

• sk = -1/3 ➜ P0 + 1/3·(P1 - P0) = 2/3·P0 + 1/3·P1

• sk = +1/3 ➜ P0 + 2/3·(P1 - P0) = 1/3·P0 + 2/3·P1

• sk = +1 ➜ Highest optical power level (P1), after transient

• ERouter = P1/P0


• OMAouter = P1 - P0

8



IEEE 802.3cz Task Force - 11th May 2021

PO
F

Knowledge Development 

Timing parameters
• The symbol transmission rate of the PHY shall be 26.5625 GBd +/- 100 ppm

9

Parameter Value

xMII Data-rate (Mb/s) 50000

PAM m 4

RS m 10

RS t 11

RS n 544

RS k 522

RS cr 0.9596

PCS n 65

PCS k 64

PHD block per RS CW (bits) 20

BaudRate (MBd) 26562.5

Ref Clock (MHz) 156.25

Clock Factor 170

PHD info (bits) 224

PHD crc (bits) 16

PHD block (bits) 240

PHD repetition (times) 3

PHD TRC length (bits) 720

RS CWs/block 36

TX block length (bits) 195840

TX block length (symbols) 97920

TX block duration (us) 3.6864

FIFO latency (ns) 225.28

FIFO latency (bit-times) 11264

FIFO latency (pause-quantas) 22

PHD data-rate (Mb/s) 60.764

OAM net data-rate (Mb/s) 37.977
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• Physical header data 


• CRC16 calculation


• Reed-Solomon code


• PMA state variables


• PHY TX control state diagram


• PHY RX control state diagram


• Link monitor state diagram


• Local PHD reception monitor state 
diagram


• Remote PHD reception monitor 
state diagram


• PHD monitor state diagram


• PHY quality criterion


• PHY quality monitor state diagram


• OAM channel

Common to all the BASE-AU PHYs
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Reed-Solomon code — performance with PAM4
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Y 1.005e-12
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Shannon gap (BER = 1e-12):        6.63 dB
Capacity bound gap (BER = 1e-12): 4.01 dB
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Input SER (BER = 1e-12):          0.00034625
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Thank you!


