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Motivations

* Fix corner cases in D1.4 state diagrams
* Improve robustness of startup sequence

* Provide a way to minimize packet losses under
varying noise conditions

Version 1.0 IEEE 802.3bp Task Force — May, 2015



Terminology to avoid confusion

 Relink

— The two PHY’s failed to reach data mode when the
specified time limit (100msec) expires, and have to start
over either from Auto-Negotiation or the PHY Link
Synchronization.

 Retrain

— The two PHY's failed to reach data mode while still within
the specified time limit, or a recovery attempt has failed.
They will retry starting from the half-duplex training stage.

e Recover

— The two PHY’s have already reached data mode. Due to
temporary disturbances they may attempt recovery while
staying in 3B2T mode.
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Topic #1:

Issues with Figure 97-23 Link
Monitor state diagram
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Original Figure 97-23

pma_reset = ON +
link_control 2 EMABLE

LINK_DOWN
link_status — FAIL

- [ R — -
-~ ~
) - ~\
minwait_timer_done * \
(| PCcs_status=0K* 1
loc_revr_status=0K /I
LINK_ Y, =

= |-

link_status — OK

maxwait_ftimer_done *
(PCS_status = NOT_QK +
loc_rewr_status = NOT_OK) + PMA_watchdog_status = NOT_OK

NOTE 1—maxwait_timer is started in PHY Control state diagram (see Figure 97-22).
NMOTE 2—The variables link_control and link_status are designated as link_control_1GigT 1
and link_status_1GigT1, respectively, by the Auto-Negotiation Arbitration state diagram
{Figure 98—14) Iif the optional Auto-Megotiation function is implamented.

Figure 97-23—Link Monitor state diagram
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B B S
D1.497.3.7.1

PCS_status:

— Indicates whether the PCS is in a fully operational state. It is only
true if block lock is true and hi_rfer is false. This status is
reflected in MDIO register 3.32.12. A latch low view of this status is
reflected in MDIO register 3.1.2 and a latch high of the inverse of
this status, Receive fault, is reflected in MDIO register 3.8.10.

block_lock:

— Indicates the state of the block lock variable. This status is reflected
in MDIO register 3.32.0. A latch low view of this status is reflected in
MDIO register 3.33.15.

hi_rfer:

— Indicates the state of the hi_rfer variable. This status is reflected in
MDIO register 3.32.1. A latch high view of this status is reflected in
MDIO register 3.33.14.

= PCS_staus=O0K if (block_lock=true) and (hi_rfer=false)
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block lock definition
 On Page 74, line 23 to 30:

 When the receive channel is in training mode, the PCS
Synchronization process .... It attains frame and block
synchronization based on the PMA training frames and
conveys received blocks to the PCS Receive process.
..... The PMA training sequence includes 1 bit pattern
every 180 PAM2 symbols, which is aligned with the PCS
Partial RS frame boundary, as well as an InfoField which
IS inserted in the 15th PCS Partial RS frame. When the
PCS Synchronization process is synchronized to the RS
frame boundary using this pattern, block lock is
asserted.

« = Block lock will be set to true in PAM2 training after
RS FEC frame alignment is done.

IEEE 802.3bp Task Force — May, 2015



hi_rfer definition

 On page 74, line 16 to 18:

— When the PCS Synchronization process has obtained
synchronization, the RS frame error rate (RFER) monitor
process monitors the signal quality asserting hi_rfer if
excessive RS frame errors are detected (RS parity error).

 On page 79, line 43 to 45:
* hi_rfer

— Boolean variable which is asserted true when the rfer_cnt
excee4ds RFER_CNT_LIMIT indicating a bit error ratio > 4
x 10—,

« =>» |n training mode, there is no FEC errors, and
hence hi_rfer=false.
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Issue with Figure 97-23 Link Monitor

* The condition from “"LINK_DOWN? state to
“‘LINK_UP” state is shown as:

— minwait_timer_done * PCS_status=0K *
loc_rcvr_status=0K.

* However, this condition will become true during
the PAM2 training, before entering the data
mode, resulting in “LINK _UP” declared too early.
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_______
Part of PAM2 Training Sequence

I lLIl:T

SILENT

t«_mode &= SEND £
start minwait_timer

_________________________ -
({config = MASTER) + ' At this time |
{config = SLAVE * loc_SNR r'r|.5u1 1. minwait_timer _done=TRUE :
minwait_timer_done 1 2. block_lock=TRUE :
TRAINING 1 3. hi_rfer=FALSE i
tx_mode &= SEND_T ' 4. = PCS_status=0OK :
itF'mM: Tﬁfﬁ e ———— - _: 5. loc_rcvr_status=OK :
== 16. = LINK _UP entered by mistake!! |
R I et -
( loc_rowr_status = OK " rem_rowr_status = OK
\ mimwait_timer_done ,I
~ ”z
COUNTDU N = b ———

tx_mode = SEND T
PMA_state « 01
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_______
Remedy for Figure 97-23

pma_reset = ON +
link_control # EMABLE

LINE_DOWN
— I
P D j Change to: !
4

S | 1

‘ minwait_timer_done * \l - * |
PCS_status =OK* |m|nwa|t timer_done

| tx_data_mode=true :

Im: revr_status=0K /

link_status = Ok

maxwait_timer_done *
(PCS_status = NOT_OK +
loc_rowr_status = NOT_OK) + PMA_watchdog_status = NOT_OK

NOTE 1—maxwait_timer is started in PHY Control state diagram (see Figure 97—-22).
NOTE 2—The variables link_control and link_status are designated as link_control_1GigT1
and link_status _1GigT1, respectively, by the Autu-hlegutlatlnn Arbitration state diagram
{Figure 98—14) if the -:uptlnnal Auto-Megotiation function is implemented.

Figure 97-23—Link Monitor state diagram
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tx data mode

* On page 80, line 26:

« tx_data_mode
— Set true when tx_mode = SEND N, otherwise false.

* This variable is only set to TRUE after
tx_mode=SEND N =» no ambiguity.
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Topic #2:

A proposal for remote receiver status
In data mode
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PCS and PMA Interface

IGABIT MEDIA INDEPEMNDENT 5-.'2 S-E g § g ;‘.l
l'GG INTERFACE (GMII) - IE IE % IE IE IE E E
Q ? =
PCS PCS
RECEIVE TRANSMIT
P A 4 A T 'y
| |
E S ————— 131 I -
I ‘ 5_ . 1 1. In training mode, this is received |
----- wresace " e |3 i “lﬂ ' from link partner InfoField. :
g | 218 |alz 1 12 Indatamode, itis not defined. I
EL 21, .E i i'.‘f : :3. A proposal to define this in data :
g é é\ E,ﬁ a1 1 mode. :
\J Wi ly | Emmmmm———— YT ———— -

Figure 97-4—PCS reference diagram
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Data Mode Variables

* In 1000BASE-T1, rem_rcvr_status is only defined in PAM2
training mode.

« Define new variable “loc_data_ready”:
— loc_data_ready=0K, if (loc_rcvr_status=0OK) and (pcs_status=0K)
— loc_data _ready=NOT_OK, otherwise

 The “loc_data_ready” variable value will be sent to link
partner via PCS 80/81B IPG control words (see next
slide).

 The “rem_data _ready” variable is based on the received
link partner “loc_data ready” variable (see next slide).
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Modified Table 97-1

NEW

Control _ _
Code[0:2] GMII Transmit GMII Receive

000 Normal Inter-Frame with Normal Inter-Frame with
loc_data ready=NOT_OK rem_data _ready=NOT_OK

001 Transmit Error Propagation Data Reception Error

010 Normal Inter-Frame with Normal Inter-Frame with
loc_data_ready=0K rem_data_ready=0K

101 / Assert Low Power Idle Assert Low Power Idle

othe Additional eserved Reserved

condition

« Set data mode variable “rem_data_ready”:

— OK if the control code “010” is received
— NOT_OK if the control code “000” is received
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Text and Figure Changes

« WIll provide a separate presentation to show the
text and Figure changes.

« Basically:
— Define loc_data_ready and rem_data_ready

— Change “rem_rx_status” to
“‘rem_rx_status/rem_data_ready” when appropriate
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Topic #3:
Concerns with Figure 97-22 PHY
Control state diagram
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Potential Concerns

* LLICT

SILENT

tx_mode = SEND_Z
start mimwait_timer

{config = SLAWVE " loc_ SHNR_margin = OK " en_slave_tc= 11} "

(fconfig = MASTER) +
mireait_timer_done

What happens i

when link partner Pha rase = 50

loc_rowr_status = OF " rem_rocvr_status = OK *

drops back to i o dore

r

SILENT state N ———

FMA_state = 01

during training??  __L—======oF] ——
\-|D€=_rl::'|.rr_-5ta.l.l..rs = MNOT_Ok_L ! -

~-——-——__—‘1F
SEND IDLE1

ftx_mode «= SEND |

I ——

-
< loc_rowr status = MOT_OK ’rem_n-::u.lntl:l-nwn_d:ne
e e . o o
SEND IDLEZ
tx__mode «= SEND |
start mimwait_timer
—_-l—————-+..~ loe_rewr_status = O "
& oo rowr_status = MCIT_DH” F'FE—‘:Tta!JE =
h-________— mimarait_tinner_dome
L4

| SEMD DATA |
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Some Analysis

« Link partner drops back to SILENT state
— Link partner tx_mode <= SEND_Z
— Last for at least minwait_timer ~= 1msec

* The local receiver will receive all O.

« We want the local PHY to jump to SILENT state quickly
In order to attempt retrain.

« Based on D1.4, the local receiver must set
loc_rcvr_status=NOT_OK under this condition.

* However ...

) IEEE 802.3bp Task Force — May, 2015
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loc_rcvr_status

 Definition for loc_rcvr_status is intentionally vague in
current D1.4.

« Based on 97.2.2.7, page 61, line 10 to 13

— The criterion for setting the parameter loc_rcvr_status is left to
the implementor. It can be based, for example, on observing the
mean-square error at the decision point of the receiver and
detecting errors during reception of symbol stream.

 In order to improve interoperability, a more specific
condition is desirable.

« = Add “SEND Z detect” in the branch conditions

— Note: The variable PMA_watchdog_status also tries to detect
link partner Tx silence, but they might be subject to different
requirements.
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Proposed SEND Z detect definition

 New state variable for 97.4.4.1

« SEND Z detect

— This variable is used during the COUNTDOWN,
SEND IDLE1, and SEND IDLEZ2 states. It detects
when the remote link partner is transmitting SEND _Z.

« Values:
— TRUE: Remote link partner is transmitting SEND_Z.

— FALSE: Remote link partner is not transmitting
SEND Z.
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ovements

Version 1.0

Proposed Impr

SILENT

LLICT

tx_mode = SEND_Z
start mimwait_timer

_____________________ L

{{config = MASTER]) +

rem_rewr_status = Ok -

"""""" b_mode = SENC_T ]
FMA_state = 01

IH‘—_---_--L~

loz_rowr_status = NCIT_IDK‘
o

"Inc_cmnldmvn_dﬂ-ne
b

SEMD IDLE1

ftx_mode «= SEND |

I ——

g

loc_rowr_status = Mm—ﬂa’ rem_courntdown _dons

SEMD IDLEZ2

tx__mode «= SEND |
start mimwait_timer

——_---_-+'~~

\-In-:_rl:vr_ita.l.us = MCIT_C—H{’

r

loz_rewr_status = Ok *©
PCS_status = O ™
mirmarait_timmer_dome

| SEMD DATA
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Topic #4:

Add LPI REFRESH Failure to Link
Monitor state diagram
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What Is the Issue?

* Figure supersedes text descriptions.

P O e * 97.4.2.7 Refresh Monitor
function
N DO — A 1000BASE-T1 PHY supporting

the EEE capability shall implement
the Refresh monitor function. The
Refresh monitor operates when

link_status < FAIL

minvai_timer_done the PHY is in the LPI receive
loc. 1our. stats—OK mode. The receiver shall force a
LINK_UP retrain if Refresh is unreliably
ink_status — OK detected within a moving window
1 of 50 Q/R cycles (4.32 ms).
e e -
| maxwait_timer_done * i
1 (PCS_status = NOT_QK + 1
: loc_rowr_status = NOT_OK) + PMA_watchdog_status = NOT_OK : \
NOTE 1 —marwatme s n P Cont e dagran (oo bue 7.2) Add this condition into Figure 97-23.

and link_status_1GigT1, respectively, by the Auto-Negotiation Arbitration state diagram
(Figure 98—14)f the optlcnal Auto-Megotiation function is implemented.

Figure 97-23—Link Monitor state diagram
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Background

Three ways to leave LPlI mode when receiving unreliable
refreshes:

1. Detects PMA watchdog_status during a refresh
— Go to LINK_DOWN state within 90 us.

2. Refresh monitor fails

— Restart auto-negotiation (if auto-negotiation is enabled) or
synchronization (if auto-negotiation is disabled).

— Criteria for unreliable Refresh is not specified but detection window
IS specified to be 4.32 ms.

3. Send SNR<1:0> =01
— Local and remote LP exit LPI within 10.8 us

— If Link Monitor also has a problem after exiting LPI mode restart
auto-negotiation (if auto-negotiation is enabled) or synchronization
(if auto-negotiation is disabled).
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Link failure modification proposal

 Change 97.4.2.7. Page 94, line 4-5, from

— "The receiver shall force a retrain if Refresh Is

unreliably detected within a moving window of 50 Q/R
cycles (4.32 ms)."

* TO

— "If Refresh is not reliably detected within a moving
window of 50 Q/R cycles (4.32 ms), the refresh
monitor shall set PMA_refresh_status to FAIL. This
will set link_status to FAIL. Subsequently the PHY will
restart auto-negotiation (if auto-negotiation is

enabled) or synchronization (if auto-negotiation is
disabled)."

IEEE 802.3bp Task Force — May, 2015



I S
New state variable in 97.4.4.1

« PMA_ refresh_status
— Variable indicating the status of the Refresh Monitor.

 Values:
— OK: Refresh is detected reliably.
— FAIL: Refresh is not detected reliably.
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Changes to Figure 97-23

Version 1.0

LINE_DOWMN
link_status < FAIL

minwait_time
PCS_status -
loc_rovr_stat

LINK_UP
link_status < OK

[

I

: maxwait_timer_done *

1 (FCS_status = NOT_OK +
1

pma_reset = ON +
link_control = ENABLE

change to:

maxwait_timer_done * loc_data_ready=NOT_OK +
PMA_refresh_status=FAIL +
PMA watchdog_status=NOT_OK

loc_rcwr_status = NOT_OK) + PMA_watchdog_status = NOT, DI‘E.

MOTE 1—maxwait_timer is started in PHY Control state diagram (see Figure 97-22).
MOTE 2—The variables link_control and link_status are designated as link_control_1GigT1
and link_status_1GigT1, respectively, by the Autu—Negnhahnn Arbitration state diagram
(Figure 98-14)if the nphunal Auto-MWegotiation function is implemented.

Figure 97-23—Link Monitor state diagram
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Topic #5:

PHY Control state diagram —
entering SEND DATA
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Transition into SEND DATA state

* In Figure 97-22, when entering SEND_DATA
state, the decision is purely based on local
receiver and PCS status.

 Once in SEND DATA mode the local PHY will
set link_status<=0K and MAC will start sending
data out.

 However at this time the link partner receiver
may not be ready yet, for example due to noise
events. Under this condition the data packets
sent to the link partner will be lost.
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_______
Proposed Changes

¥
SEND IDLEA

tx_mode < SEND_|
P
i ———— DKl etn_counklown_done ! Change condition to: |
- - |
I i
e lloc_data_ready=OK * I

fx de = SEND _|
TR | g i rem_data_ready=OK * |
4 Io{;_rcwr_statuszop{}\ | mlnwalt_tlmer_dOne :

PCS_status=0K * |

loc_rcwr_status = NOT_OK \ minwait_timer_done . /

N -
N e e =

SEND DATA

tx_mode = SEND_N
start minwait_timer

Figure 97-22—PHY Control state diagram
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Topic #6:
PHY Control state diagram —
exiting SEND_ DATA
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Comment #569 from Brett

« ClI97SC97.451P97L 47 #569

« Itis possible for one device to enter the SEND DATA state but
the other device to return to the SILENT state. There is no
path from SEND DATA to SILENT, so the devices must walit
for the link_fail _Inhibit_timer to expire and then return to
autoneg or SEND_S. If a path is added from SEND DATA to
SILENT then the two devices may attempt to retrain with the
remaining time of the link_fail _inhibit_timer.

e Suggested Remedy

— add path from SEND DATA to SILENT with condition
"loc_rcvr_status = NOT_OK + PCS_status = NOT_OK"

« => \We support this idea
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Further Improvements

« What causes PHY link drops?

— Power or hardware failures

— Disconnected cable

— User command/management
— PHY receiver diverged

— Variations in noise environment, including EMI, burst
noises, etc.

— Others

* When the link drop is caused by varying noise
environment, PHY receiver has a good chance of
recovering without going back to training mode.
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_______
Further Improvements (cont.)

« Before jumping back to half-duplex training mode,
stay in 3B2T for “some time”, then check status
again.

— If PHY receiver recovers, then stay in data mode
— If PHY receiver still can not recover, then do a full retrain

— During this time, indicate loc_data ready=NOT_OK to link
partner

* Define “idle_walt_timer”
— About 10msec should be sufficient

« Some changes to Figure 97-22
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_______
Changes to Figure 97-22

S5END DATA
Tx_mode <= SEND_N
start minwait_timer

Recovery succeeded.

Return to data mode. stop maxwait_timer
/ (loc_data_ready = NOT_OK + rem_data_ready= NOT_OK) *
minwait_timer_done

SEND IDLE WAIT
Tx_mode <= SEND _|
start minwait_timer

start idle_ wait_timer

loc_data_ready = OK * rem_data_ready = OK
*minwait_timer_done loc_data_ready=NOT_OK * idle_wait_timer_done

\

Recovery failed.
Go to INIT_MAXWAIT_TIMER state.
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Proposed Figure 97-23 and Figure
97-22 with all changes
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New Figure 97-23

pma_reset = ON +
link_control # ENABLE

h h

LINK_DOWN

link_status <= FAIL

minwait_timer_done *
tx_data_mode=TRUE

LINK_UP

link_status <= OK

maxwait_timer_done * loc_data_ready=NOT_OK +
PMA_refresh_status=FAIL +
PMA_watchdog status=NOT_OK
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link_control=ERABLE +
prma_reset=00M

DISABLE_TRAMSMITTER

New Figure
97—22 + - link_contral=EMNABLE

I T _PAs s Al _TIMER
start maxwail_timer

- )

SILEMNT

tx_made <= SEMD_F
start mimwait tirmser

(fconfig=PRasTER) +

{config=SLAVE * loc_SKE_margin=0K = en_slave_tx=1)] *

minwait_timer dones

w
THRAIMIMNG
tx_rmode == SEND_T
sSEart mimwait_tirmser
PrAS_state <= OO
loc rovr_stabtu==0HK = rem_rovr_statu=s=0K =

mirmwait_tirmer_dane

b
CCHUINI T IO
te_mode <= SERD_T

loc_rewr status=KNOT _OK Prls state <= 01
«F SEND 7 detect=TRUE |

o oo _countdown_done

SEMD IXLEL
loc_rewr_status=NOT_0OK tx_mrvode <= SEMND _I
.+ SEND £ detect=TRUE |

- rEm_countdown_done

SEMD ICELE2
tx_rmode <= SEND_|
loc_rowr__status=MNOT_OkK start minwait birreer
+ SEND_Z_ detect=TRUE I loc_data_resdy=0K * rem_data_ready=0K *

rmimwait_timer_done

‘l’ w

SEMND DAaTa

Tx_mode == SEND_M

sSEart mimwait_tirmser
Stop maswait_timer
[loc_data_ready=MNOT_OK + rem_data_ready=RNOT_OK} =
mimacait_tirmer_dore

w
SEMD IDLE WWAIT
Ty_made <= SEMD_|
loc data resdy=00K start mimweait_ tirrser
= FE'_I'I'I_-E'H_‘I:H_I'EEEIII.I=I:I|{ start idle_ wait_timer

T miwadt_timer_dome | loc_data ready=MOT OK = idle_wait_timer done




Supplement Materials
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_______
Changes to Figure 97-2

|
TX_EN < b‘—mi
—p
TX_ER | >
— " - | S Py
config | CONTROL |
|
|
|
|
| N M(L_:JP#OH “—
|
| »|
g | ! TrANGMT
P -
| 1 Change from: I
| | |
| rfem_rcvr_status I
RX_CLK -
« N | I to: -
RXD<T:0> | I 1
*T; N PCS . T+ H 4 rem_rcvr_status/rem_data ready |
< EER * pm_starm_s.?s?_stam
P PMA_UNITDATA indication
(rx_symiby)
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Changes to Figure 97-4

IGABIT MEDIA IN MDEN i‘
Rl B : 2 8 2
2 ¢ =
PCS PCS
RECEIVE TRANSMIT
S
i A A 4 A T [ 'y
é 2
3N D D I D EE— N i s B B B B N B BN B L]
Y PMA SERVICE 5 5 S IChange from: :
""" wreeace "7 [ |2 { V) | rem_rcvr_status l
A B R T 1o '
R ES B ER ER A S :
SRR 1A Irem_rcvr_status/rem_data ready |
SE(EEEEE L T £ Al -
VI° ”“"1 v P

Figure 9?—4—PCS reference diagram
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Changes to Figure 97-16

PMA SERVICE
INTERFACE W F 3 | A F
%l @ L | J’\
we el |
SE=H HEN-IF
e o5 5 |2 gl
E 3 ﬁa & E > 5 |5 1 IE
3: 5 2 : %
| |
| |
| |
| .I_ _____ __T I------------------------I
| | | [recovered_clock | 1 Change from: I
rars bty |4 v1 rem_rcvr_status :
=
PMA Sc I'to: !
Ftég_gcmﬂnv - RECEIVE TREhTSAMIT 3 = {:omvml I
ocsived_ 2 I rem_rcvr_status/rem_data_ready :
‘ k. h _-----E-----------------
PMA,_LINK. request :3'—_
{link_control) 2
PhA_LIME indication > %
- link_status) g
MEDIUM
DEPENDENT I g
INTERFACE g g -]
(MDI) 22 9

Figure 97-16—PMA reference diagram
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