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Introduction Qoevices

This presentation discusses some of the issues associated with the
changes required to clause 22 to add Sequence ordered sets

In the task force we have had quite a number of presentations on the
8N/(8N+1) block encoding and how we should add Sequence ordered sets

= Sequence ordered sets were originally added into XGMII which aligns on 4-byte boundaries

= There is significant complexity required to work with existing Ml MAC devices to resolve the
issues of odd nibble alignment

However, there has been very little discussion on the changes required to
clause 22 to support Sequence ordered sets

And very little discussion on why we are adding Sequence ordered sets
= What new features / functions do Sequence ordered sets support?
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Sequence Ordered Sets ANNDS

AHEAD OF WHAT’S POSSIBLE™

Sequence ordered sets were first introduced in clause 46 Reconciliation
Sublayer (RS)and 10 Gigabit Media Independent Interface (XGMII)

At the May 2024 Interim meeting the 802.3dqg task force adopted a motion add
the capability to support Sequence ordered sets to the Mll signaling

At the July 2024 Plenary meeting the 802.3dqg task force adopted a motion to
add Sequence ordered set of the Mll according to Lo_3dg_01a_0724 page 3

= Add Sequence code for Mll encoding of Sequence ordered sets
= Eight nibble Sequence ordered set similar to the 4-byte sequence used in XGMI|

TX_EN TX_ER TXD<3:0> Indication RX_DV RX_ER RXD<3:0> Indication
0 0 0000to 1111 |Normal inter-frame 0 0 0000to 1111 |Normal inter-frame
0 1 0000 Reserve d 0 1 0000 Normal inter-frame
0 1 0001 Assert LPI 0 1 0001 Assert LPI
0 1 0010 PLCA BEACON request (not supported) 0 1 0010 PLCA BEACON request (not supported)
0 1 0011 PLCA COMMIT reqguest (not supported) 0 1 0011 PLCA COMMIT request (not supported)
0 1 0100 Sequence (New) 0 1 0100 Sequence (New)
0 1 0101 to 1111 Reserve d 0 1 0101 to 1101 Reserve d
1 0 0000to 1111 |Normal data transmission 0 1 1110 False Carrier indication (not supported)
1 1 0000to 1111 |Transmit error propagation 0 1 1111 Reserve d
1 0 0000 to 1111 |Normal data transmission
1 1 0000 to 1111 |Transmit error propagation
IEEE 802.3dg Task Force 3 15 July 2024 [\XONNE_
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Backup: Slide § from Lo_3dg_01a_0724 BNNS

AHEAD OF WHAT’S POSSIBLE™

= May 2024 - Motion #2:
* Move that 802.3dg add the capability to support Sequence ordered sets to the Mll signaling.
= July 2024 - Motion #2 Adopt:

« Sequence ordered set of the Mll according to Lo_3dg_01a_0724.pdf, page 3.
Supported Codes on Ml

* Eight nibble sequence ordered set similar to the 4-byte sequence used in XGMII.
Sequence, Sequence, Datal[3:0], Datal[7:4], Data2[3:0], Data2[7:4],
Data3[3:0], Data3[7:4]

* Datal, Data2, Data3 mapping and meaning same as for XGMII lanel, lane2, lane3

* Half-Duplex not supported

TX_EN TX_ER TXD<3:0> Indication RX_DV RX_ER RXD<3:0> Indication
0 0 0000to 1111 [Normal inter-frame 0 0 0000 to 1111 [Normal inter-frame
0 1 0000 Reserved 0 1 0000 Normal inter-frame
0 1 0001 Assert LPI 0 1 0001 Assert LPI
0 1 0010 PLCA BEACON request (not supported) 0 1 0010 PLCA BEACON request (not supported)
0 1 0011 PLCA COMMIT request (not supported) 0 1 0011 PLCA COMMIT request (not supported)
0 i 0100 Sequence (New) 0 1 0100 Sequence (New)
0 1 0101to 1111 [Reserved 0 1 0101 to 1101  [Reserved
1 0 0000to 1111 [Normal data transmission 0 1 1110 False Carrier indication (not supported)
i 1 0000 to 1111 |Transmit error propagation 0 1 1111 Reserved
1 0 0000 to 1111 [Normal data transmission
1 1 0000 to 1111 [Transmit error propagation

IEEE 802.3dg Task Force 3 15 July 2024 4 —“\XONNE :
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ANALOG

Sequence Ordered Sets BECES

AHEAD OF WHAT’S POSSIBLE™

They support link fault signaling between the remote RS and the local RS

= Three fault signals are supported: Local Fault, Remote Fault and Link Interruption
= Upon recognition of a fault condition a PHY sublayer indicates Local Fault status on the data path

= When this Local Fault status reaches an RS, the RS stops sending MAC data or LPI and continuously
generates a Remote Fault status on the transmit data path

= When Remote Fault or Link Interruption status is received by an RS, the RS stops sending MAC data or LPI
= And continuously generates ldle control characters

= Link Interruptionis indicated by the PHY receive function by continuously sending the Link Interruption
ordered set

» | ocal Faultindicates a fault detected on the receive data path between the remote RS and the
local RS

= Remote Fault indicates a fault on the transmit path between the local RS and the remote RS

= Statusis signaled in a four byte Sequence ordered set(as there are 4 lanes in XGMII)
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AHEAD OF WHAT’S POSSIBLE™

Link Fault Signaling between Remote RSand Local RS~ stz
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Link Status Synchronization / Link Fault Qocevcss

Link fault signaling in MultiG PHYs T1(55, 126, 149, 165) is used for Link
Status Synchronization (MAC_Operational Synchronization)

= Thisiswhen the RSisready to transmit and receive data
= J00BASE-TI1L does not require Local or Remote Fault signaling for this function

The 802dg task force has adopted a means to synchronize Link Status
for I00BASE-TIL

= The PHY Control state diagram adopted in January achieves link status synchronization
using loc_rcvr_status = OK AND rem_phy_ready = OK

There is no need to send a fault indication in I00BASE-T1L

= Whenloc_rcvr_status=NOT_OK we drop the link and restart Auto-Negotiation
= Link Status signals that the link has dropped

= Previously‘Industry Defined MAC Interfaces’ have carried the Link Status information across the
interface using non-standard signalling
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Changes needed to Clause 22 Mll - Add Clause 46.3.4 DEVICES

AHEAD OF WHAT’S POSSIBLE™

I_ink faU|t Signa”ng iS defined in Clause 46.3.4 Table 46-5—Sequence ordered sets

= Tosupport Sequence ordered sets add this clause, the table & state diagram Lanc0 | Lamel | Lame2 | Lanes Description
= [ocal Fault, Remote Fault & Link Interruption are continuous not transitory signals | sewee | =00 000 | Reserved
h i . Sequence 0x00 0x00 0x01 Local Fault
46.3.4 Link fault signaling s o200 00 s a _—
sequence X X X! emote Fault
Link fault signaling operates between the remote RS and the local RS. Faults detected between Sequence 0x00 0x00 0%03 Link Interruption
thg remote RS and the Ioc_al RS are received by the local RS as Local Fault. Only an RS reset Sequence - 0x00 - 000 S 0x04 | Reserved
originates Remote Fault signals. — : : ,
v NOTE—Values in Lane 1. Lane 2. and Lane 3 columns are in hexadecimal. most sig-

Subl ithin the PHY ble of detecti faults that d link liable f INIT nificant bit to least significant bit (L.e., <7:0>). The link fault signaling state diagram

uplayers witnin the are capable OT detecting Taults that render a link unreliaole Tor weq ont allows future standardization of reserved Sequence ordered sets for functions other
communication. Upon recognition of a fault condition a PHY sublayer indicates Local Fault imfaut = 0 than link fault indications
status on the data path. When this Local Fault status reaches an RS, the RS stops sending MAC faul sequence
data or LPI, and continuously generates a Remote Fault status on the transmit data path I,
(possibly truncating a MAC frame being transmitted). When Remote Fault or Link Interruption COUNT
status is received by an RS, the RS stops sending MAC data or LPI, and continuously generates senenttt ] .
Idle control characters. When the RS no longer receives fault status messages, it returns to fault_sequence +  13Sseatype = seq_type Ul X Bt oy TXC<3?'0> and TXD<31:0=is
normal operation, sending MAC data or LPI. seq ent <3 * fault_sequence * controlled by the variable link_fault.

! seq_type = last_seq_type seq_type = last_seq_type
. . . ot ool ot 127 a) link_fault = OK
_Sta'fus is signaled in a fc_>ur byte Sequence ordered set as _shown in Table 46-5. The PHY _ «_ Mautseq _ it secence + e ent o5 The RS shall send MAC frames as requested
indicates Local Fault with a Sequence contr_ol character in Ian_e 0_ and data characters of QxOO in seq Type = last_seq type through the PLS service interface.
lanes 1 and 2 plus a data chgracter of 0x01 in lane 3. The RS |nd|f:ates a Remote Fault with a ! In the absence of MAC frames, the RS shall
Sequence control (_:haracter in lane 0 and data charact_ers gf 0x00 in Iaqes 1 and 2 plus a data _ =T generate Idle control characters.
character of 0x02 in lane 3. Though most fault detection is on the receive data path of a PHY, in pgpr— _
some specific sublayers, faults can be detected on the transmit side of the PHY. This is also link_faut < seq_type b) link_fault = Local Fault
.- . fault_sequence * fault_sequence * Th RS hall g I R Faul
indicated by the PHY with a Local Fault status. seq fype = last_seq_type soq, Type # last. s6q_type e shall continuously generate Remote Fault
= — Sequence ordered sets.
- . B - - - - - ¢ v
Ifault_ # col_cnt > 127 . . )
For operation with links Fhat may be_ tempo_rarlly mterru_pteq, (_)ptl_onal detection of a thm_j fault sequence * col_cn NEW_FAULT_TYPE ¢) link_fault = Remote Fault or link_fault = Link
condition, Link Interruption, is provided. Link Interruption is indicated by the PHY receive seq_cnt=0 — . -
function by continuously sending the Link Interruption ordered set as defined in Table 46-5 Interruption
' ver The RS shall continuously generate Idle control

The RS reports the fault status of the link. Local Fault indicates a fault detected on the receive ) ) ) ) ) characters.
data path between the remote RS and the local RS. Remote Fault indicates a fault on the transmit Figure 46-11—Link fault signaling state diagram

path between the local RS and the remote RS. The RS shall implement the link fault signaling
state diagram (see Figure 46-11).
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Need to Signal Sequence Ordered Sets PHY to PHY DEVICES

AHEAD OF WHAT’S POSSIBLE™

A means has been proposed to modify the 8N/(8N+1) block encoding so that
Sequence ordered sets can be communicated across the link from PHY to PHY

= Thisistocommunicate Local Fault, Remote Fault and Link Interruption from PHY to RS and
Remote Fault from RS to RS

= Thisis proposed using the XGMII four byte sequence, supporting 24-bits of information for 3
messages

= |n XGMII it was natural to keep the four bytes as XGMll is a 4-lane interface

Only Remote Fault is signalled over the link for 100BASE-T1L

We have added significant complexity to the block encoding just to signal
Remote Fault across the link

= Adding Sequence ordered setsto an Mll interface is more complicated than for XGMIl as with
XGMIl'you are guaranteed to align on a 4-byte boundary

There are much simpler ways to signal Remote Fault across the link using the
8N/(8N+1) block encoding proposed for 100BASE-T1L

= The Q code added to the block encoding could be used to signal Remote Fault
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Add Assert Local / Remote Fault to Clause 22 M| DEVICES

AHEAD OF WHAT’S POSSIBLE™

We need to communicate Local Fault and Remote Fault between the
PHY and RS

= Add Assert Remote Fault to clause 22 Mll on the Tx and Rx side
= Add Assert Local Fault to clause 22 Mll on the Rx side
= And add a link fault signaling state diagram

Table 22-1—Permissible encodings of TXD<3:0>, TX_EN, and TX_ER Table 22-2—Permissible encodings of RXD<3:0>, RX_ER, and RX_DV
TX _EN TX_ER TXD<3:0> Indication RX_DV RX_ER RXD<3:0> Indication
0 0 0000 through 1111 Normal inter-frame 0 0 0000 through 1111 Normal inter-frame
0 1 0000 Reserved 0 1 0000 Normal inter-frame
0 1 0001 Assert LPI 0 1 0001 Assert LPI
0 1 0010 PLCA BEACON request 0 1 0010 PLCA BEACON indication
0 1 0011 PLCA COMMIT request 0 1 0011 PLCA COMMIT indication
0 1 0100 Assert remote fault 0 1 0100 Assert remote fault
0 1 0101 through 1111 Reserved 0 1 0101 Assert local fault
1 0 0000 through 1111 Normal data transmission 0 1 0110 through 1101 Reserved
1 1 0000 through 1111 Transmit error propagation 0 1 1110 False Carrier indication
0 1 1111 Reserved
1 0 0000 through 1111 Normal data reception
1 1 0000 through 1111 Data reception with errors
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u ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

Assert Remote Fault with Fault Signalling State Diagram

When the link drops the PHY signals Assert Local Fault to the RS

= The RS signals Assert Remote Fault which is sent to the remote RS over the link
= Alink fault signaling state diagram controls the behavior of the RS

The RS output onto TX_EN, TX_ER and TXD<3:0> o S g o
is controlled by the variable link_fault. = o z® 2% o 2 Slldsuy
y L] 1 MACL 2| Ml |22 M| T a 38 ML ZZ | M@ MAC ]« sending Idle/Data
a) link_fault = OK B = = By
L
The RS shall send MAC frames as requested
through the PLS service interface. o @
= = .
In the absence of MAC frames, the RS shall 1 IRE o [|RE S ° 8 ﬁ* o *ﬁ* J > Link drops
; 4 o w o ® A ! = LF sent from local PHYs to RS
generate Idle control characters. 2| wacr (B i [ZZ| M [ ZTEEAN S| M [ ZE | oM 2| mac 1 RF ont from RS 1o local PHYs
. = O = Nl Q N O (6] 7 .
b) link_fault = Local Fault R R . . % * MAC_Operational = FALSE
The RS shall continuously generate Assert Remote
Fault. . - @ (5}
i v RF m RF =} o [ | mo— €l > Link up again
¢) link_fault = Remote Fault % T E e § o ] f(% T E i —I = |dles sent from local PHYs to RS
The RS shall continuously generate Idle control 3| MACL g M <= M <G S| Mgz | Mg MA < * RF still sent from RS to local PHY
characters. MAC;O::I:aetional I N i ol . ; E o L = \MAC_Operational = FALSE
6} [%) 2} (5} [} -
| Y. ’ § RF § RE T [RE- 4 &ﬁ“ml > Link up again
o XA g 2L A = = RF sent over link to remote RS
4 MAC1 o 'Ql =3 I\él’” =8 P 3 ,‘-I’n’ “a“ NS Ngl 4 MAC2 | = Idles now sent from RS to local PHY
I > E E P L | = MAC_Operational = FALSE
(5) (6} (L] 2] ;)
—1/D | o | 1/D | § - é = | R ulley | cl I = |dles propagate around the loop
o XA 2E g A = = Fault condition cleared
2| MACL gl MI < s MIZa o 132" |3 s "ol || MACZ | T . MAC_Operational = TRUE
MAC;O;):I;:tlonal I I 3 | El R | E . o < » Link up - Sending Idle/Data
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Options for Clause 22 Mll Changes for 100BASE-TIL DEVICES

AHEAD OF WHAT’S POSSIBLE™

A/ Change the Clause 22 Mll to add Clause 46 Sequence ordered sets
= Specify clause 199 to the new clause 22 Ml

The new Mll supports Sequence ordered sets between the RS and the PHY

Add the encoding for Sequence ordered sets to the 8N/(8N+1) block encoding

Add a link fault signaling state diagram as in clause 46 to clause 22

Changesto clause 22 are optional

B/ Change the Clause 22 Mll to add Assert Local/Remote Fault over the Ml

= Specify clause 199 to the new clause 22 Ml|

= The new Mll supports Local Fault and Remote Fault signaling between the RS and the PHY
= Don't add Sequence ordered sets

= Usethe Q code to signal Remote Fault across the link from PHY to PHY

= Addalink fault signaling state diagram to clause 22

= Changesto clause 22 are optional

C/ Don't change the Clause 22 M|

= Specify clause 199 to the existing clause 22 Ml|
= Don't add Sequence ordered sets

= Don't support link fault signaling
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Conclusions B3

We believe the best approachis Option B

= Minimum change to clause 22 Mll and use the Q code to signal Remote Fault across the link
= Supportsthe spirit of fault signaling without adding a lot of complexity

No existing MAC devices (MIl, RMII, RGMII, SGMII, USGMII) support Local or
Remote Fault signaling

f Sequence ordered sets are to be fully supported:
They must be added to the 8N/(8N+1)block encoding
Work is required to simulate and verify that the changes to the 8N/(8N+1) block encoding

New text has to be devised with tables and or state diagrams

Significant text has to be written to add the link fault signaling and the state diagram to clause 22

Complicated text for a featured not supported today and creates a risk of
interoperability issues found after deployment
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