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Introduction
❖ Some aspects of D1.1 implementation summarized:

➢ updates relating to new error ratio specifications
➢ updates adding link training and precoding to PAM4 optical PHYs
➢ revised C2M specification/test methodology
➢ Updates to Clause 176 SM-PMA symbol mux
➢ state of Clause 186, 800GBASE-ER1 PCS
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Error ratios (data reliability)
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Error ratio introduction

❖ The resolution to Draft 1.0 comment #205 adopted new error ratio 
requirements.

❖ Comment response implemented in Draft 1.1 required some 
interpretation by the editorial team.

❖ Following slides point out results of the implementation in:
➢ Annex 174A – defining error ratio allocations to various portions of a network 

path
➢ Clause 118/171 – defining error ratio requirements for xMII extenders
➢ Clause/Annex 178/179/176D/176E – defining error ratio requirements for 

KR/CR/C2C/C2M
➢ Clause 180/181/182/183 – defining error ratio requirements for PAM4 optical
➢ Clause 185/187 – defining error ratio requirements for coherent optical
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Scope and introduction

Limits the scope to new PHY 
types introduced in this 
802.3dj amendment.

MAC frame loss ratio (FLR) 
has become the ultimate 
goal for an Ethernet network 
connection.

Ultimate effective goal, but 
use of BER is obsolete due 
to bursty nature of errors at 
the detector and output of 
FEC decoder.

New terminology as used in adopted 
proposal. More accurately, this clause defines 
an error ratio budget or allowance allocated 
to different portions of a network path. 
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Network path

The path from the MAC at 
one end to the MAC at the 
other end.

This is an “expectation”, not 
a normative statement, as it 
is achieved by combination 
of Physical Layer 
implementations at each 
end and the channel 
between. The expectation 
should be achieved if all 
three elements are 
compliant to the specified 
requirements.
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xMII Extender An xMII Extender is 
bookended by an XS 
(equivalent to a PCS) with 
FEC at each end.

This is first time we specify 
the FEC codeword error ratio 
within the 802.3 standard. 
This new parameter is 
defined in 176A.7.

Again, frame loss ratio value 
is expected performance 
since attributed to set of 
multiple elements.
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PHY-to-PHY link This link is bookended by a 
PCS (with FEC) at each end.

Two PCS types are 
recognized in 802.3dj.

Again, this is first time we 
specify the FEC codeword 
error ratio within the 802.3 
standard.

Note that we have a TBD 
here for the ER1 PCS.

Again, frame loss ratio value 
is expected performance 
since attributed to set of 
multiple elements.



9IEEE P802.3dj Task ForceJuly 2024

Inter-sublayer link (part 1)

Inter-sublayer link (ISL) is 
defined in 176A.2.

Although the ISL is defined 
literally as being between a 
pair of PMDs, the error 
measurement isn’t 
meaningful until processed 
by the PMA and (in some 
cases) the Inner FEC. Thus 
the error ratio is measured at 
the PMA, rather than at the 
PMD.
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Inter-sublayer link (part 2)
Adopted proposal defines 
this test using either 
PRBS31Q or scrambled idle, 
but hard to define together. 
Handled scrambled idle 
separately below.

Alternate method using 
scrambled idle defined here.

Note that this could be done 
as part of the PMA error 
checking infrastructure or as 
a post-processing function in 
test equipment.

BERadded is specified in the 
clause/annex that references 
this subclause.
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Extender clauses

Defined simply by reference 
to 174A.4.

Forgot to update Clause 118 
for 200G/400G.
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PMD (electrical) clauses and AUI annexes
Defined by reference to 
174A.5/6.
For KR/CR, it was not clear 
what allocation to give for 
the C2C AUIs that might be 
within this PHY type.

Changed symbol error ratio 
target to block error ratio 
targets.
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PMD (PAM4 optical) clauses

Defined by reference to 
174A.5/6.

Changed bit error ratio target 
to block error ratio target.
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PMD (coherent optical) clauses

The adopted proposal did 
not address this 800 Gb/s 
PHY type.
Proposals for the error ratio 
metric encouraged.

Defined only by frame loss 
ratio (and indirectly the FEC 
codeword error ratio).
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Optical link training
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Optical link training

❖ At the May 2024 interim meeting we adopted a baseline for optical 
link training along with precoding for all 200 Gb/s per lane PAM4 
PHY types in 802.3dj.

❖ The result of this is a set of updates to the following:
➢ Annex 176A – defining alternate ILT training frame structure and state diagram 

set
➢ Clause 120/177 – addition of precoding for these optical PHY types
➢ Clause 180/181/182/183 – updates to include ILT
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Annex 176A (introduction)

Adding support for optical 
interfaces

Define two types of training.
A2 is for PAM4 optical
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Annex 176A (training frame fields)
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Annex 176A (state diagrams)

Uses a subset of the the 
electrical (A1) state 
diagrams.
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Clause 180/181/182/183 PMD clauses (PHY tables)

Inter-sublayer link training 
added to PMD sublayer 
tables.
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Clause 180/181/182/183 PMD clauses (service interface)

Updated SIGNAL_OK 
(indication, RX direction) 
definition in line with the 
KR/CR clauses.

SIGNAL_OK (request, TX 
direction) needs to be 
defined.
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Clause 180/181/182/183 PMD clauses (service interface)

Global signal detect variable 
definition needs to be 
updated to reflect the 
training state, rather than 
per-lane signal detect states. 
(see 179.8.4)
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Clause 180/181/182/183 PMD clauses (call out ILT)

ILT called out here.
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Clause 180/181/182/183 PMD clauses (MDI lane assignments)

MDI lanes are now explicitly 
numbered so that a TX lane 
can be associated with a 
corresponding RX lane. 
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Clause 120/173/176 PMA (precoding)

Precoding is defined for DRn 
and FRn-500 and may be 
selected using ILT.
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Clause 177 xBASE-R Inner FEC (precoding)

Precoding is defined within the 
Inner FEC clause, thus implicitly for 
DRn-2, FR4, and LR4.

Precoding defined to be set using 
ILT.
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C2M specification/test methodology
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C2M input and output specifications

Following the acceptance of comment #186, the electrical characteristics and 
methodology subclauses (176E.4 and 176E.6) have been rewritten in D1.1.

The specification methodology is based on that of clause 179 with appropriate 
changes for the module side.

The input test setup diagrams are shown below. For more details see D1.1.
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Clause 176 - Symbol-Mux PMA 
Restructuring



30IEEE P802.3dj Task ForceJuly 2024

Introduction 

100G lanes* > based on bit-muxing > use bit-muxing PMA (BM-PMA) > Cl 120, 173

200G lanes  > based on RS-FEC symbol muxing > use symbol-muxing PMA (SM-PMA) > Cl 176

Converting between 100G lanes and 200G lanes:
❏ Use a BM-PMA to demux from 100G lanes to PCS lanes
❏ Use a SM-PMA to mux from PCS lanes to 200G lanes

* exception: 1.6TbE uses symbol-mutiplexing on 100G lanes (e.g. 1.6TAUI-16)
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Three groupings (types) of symbol-multiplexing PMAs

PMA key truths :  
● m > n
● m = number of PCS lanes
● n = number of 200G lanes (with one exception: 1.6T n:n with n=16)

Each type is defined in a single subclause with one block diagram and any differences explained.
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m:n PMAs Functional Block Diagram

One block diagram applies to all 200G/400G/800G/1.6T 
m:n PMAs

Each step is described either as a common function or a 
function with common aspects, but some differences.

In the transmit flow:
● PAM4 decode/encode is the same for all Ethernet 

rates
● Deskew is different for 200G/400G vs. 800G vs.1.6T, 

but occurs at same place in the TX flow.
● Symbol mux occurs at same position in TX flow, but 

has slightly different rules for Ethernet rate
● Irrespective of Ethernet rate, each 200G lane has the 

exactly same format, i.e.  an interleave of RS-FEC 
symbols from 4 different codewords
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Clause 186 - 800GBASE-ER1 
PCS/PMA
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Clause 186 - overall status

● Subclauses 186.1 (overview), 186.2 (PCS), 186.3 (PMA) are mostly 
done, except as noted:

○ In the PCS, the functions related to the baseline for improving PTP accuracy are not 
complete (see other slide)

○ In the PMA, there is an open question about how to specify the pilot symbol sequence (see 
other slide)

● Several functions are specified by reference to documents from 
other SDOs; reviewers should consider whether this is sufficient

● 186.4-7 are not complete - content is copy/pasted from other 
clauses and needs to be updated
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Clause 186.3 - pilot symbols

● Below is a snippet of part of the table (inherited from P802.3cw)
● The intent is that we use the same pilot sequence as OIF 800ZR 

and ITU-T FlexO-8e-DO
● ITU-T and OIF specify the sequence in different formats

○ ITU uses bit values per polarization, OIF uses a format that shows each polarization as 
“I+Qj”

○ E.g., for index 0, X polarization, OIF would say “-3 + 3j”, ITU would say “0010”

Is it reasonable to 
point to OIF, or should 
we express the values 
in the form 802.3cw 
was using?
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Clause 186 - PTP accuracy details to be worked through in D1.2

● The adopted baseline uses additional overhead in the 800GBASE-ER1 
PCS to convey the position of the AMs from the transmitter to the receiver

● The removal and insertion of AMs is actually done in the PHY_XS, not the 
PCS

● From an implementation perspective this makes no difference; the PHY_XS 
and 800GBASE-ER1 PCS are in the same device

● Writing the specification is more complicated… 
○ The PHY_XS doesn’t know anything about the FEC frame that the PCS 

creates or the overhead that the PCS uses
○ The PHY_XS isn’t exclusively used by the 800GBASE-ER1 PCS; not simple to 

add functions to PHY_XS that are specific to 800GBASE-ER1 PCS
○ In principle, 800GBASE-ER1 PCS isn’t required to use the XS; not simple to add 

signals to the PCS service interface to convey the information to/from the 
PHY_XS


