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What is latency?

* Proposed definition:

Time from when a packet is presented by the MAC client until it is
transmitted onto the network.

* In PLCA, this latency is largely due to:
* Waiting for nodes transmit opportunity,

* Waiting for all other nodes in the cycle to (possibly) transmit, and
* Backoff due to logical collision

* The maximum latency is bounded.

Can we reduce this maximum latency for some traffic?
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Conservation of Latency?

* Considering the Law of Conservation of Mass:

In a closed system, mass is neither created nor destroyed in
chemical reactions

* Do we have something similar for latency in PLCA?

Overall PLCA Latency cannot be eliminated, only removed from
some traffic classes or nodes and transferred to others.
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Interoperability and Compliance

* Need an objective to support interoperability with existing
10BASE-T1S (Clause 147) and 10BASE-T1M (Clause 188) PHYs.

* This implies we shall support Clause 148 (PLCA) interoperability in adding a
method for latency control.

* Basic set of requirements:

* Do not make changes that would rule existing implementations non-compliant
to Clause 148

* New, optional features do not break compliance — see D-PLCA

* Keep interoperability with non E-PLCA capable nodes as well as PLCA capable
nodes

* Mixed-node segment not achieve latency goals, but communication shall be retained
* Preserve the existing layering structure
* Improve existing
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Constraints to preserve 802.3cg compatibility

CRS
* We shall not rely on handling detected collisions ? ]
- . . . . EARLY_RECEIVE
— Collision detection belongs to the Physical Layer but collision handling does S
not staﬁ beacon_det_timer
* Do not add any new physical layer signaling (RS o0
— Any signal other than a valid preamble, BEACON or COMMIT will be RECOVERY —~
incompatible with Clause 148 1CRS): o -0)-
— That would make existing PLCA nodes go into a recovery/resync state = B fazson. det fmer done
* We should avoid periodic physical layer signaling on the line foca nodeiD -0)°
Ireceiving) *
— PLCA nodes would react to that by signaling a collision in case of concurrent ﬁgzggv PEACON)*
"_u nsm | Ss | ons [geacon_det_tlmer_not_done})
— non-PLCA enabled nodes will assert (RS at each transmission, causing BEACON |“°"“°"""lg\ R
deferral and possibly hampering media access fairness E— UALID DATA or
— may (likely) impact EMC/EMI performance commIT

CAMWYOVATECH IEEE 802.3da

The Art of Silicon Sculpting

https://www.ieee802.org/3/da/public/0321/beruto 3da 01 031021.pdf
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The PLCA RS

* PLCA is specified as a
Reconciliation Sublayer

* An RS is defined as a box interfacing
MIl to the MAC Physical Layer Signhaling
(PLS) service

* Separate from the PHY

* There is, therefore, some very critical
timing in the PLCA RS that is related
to the PHY and communication over
MiII
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The PLCA RS

* Success will require changes to the PLCA RS state diagrams to be minimal and as
self-contained as possible.

* The state diagrams are critical as they are normative
* Any text is descriptive and informative
* Where there is a discrepancy, the state diagrams are to be trusted

* How was this accomplished when adding D-PLCA?
* Small updates to the PLCA Control and Data state diagrams
* No changes to the PLCA Status state diagram

* Addition of two new state diagrams for D-PLCA Control and Aging that are separate from the
standard PLCA state diagrams.

Let’s look at the D-PLCA changes

* The following pages illustrate changes made in 802.3da to the PLCA state diagrams
* D-PLCA changes to existing PLCA state diagrams are highlighted in yellow

* Fixes to the original PLCA state diagrams are highlighted in blue.
P. Beruto, “PLCA Corner-Case Fixes,” Feb. 23, 2022.
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PLCA Control State Diagram

plca_reset +

(Iplca_en) + (local_nodelD = 255) * (ldplca_en)
¢ WAIT_TO
start to_timer
dplca_txop_claim &< UNCLAIMED
DISABLE dplca_txop_end < FALSE

dplca_txop_id < curlD
tx_cmd <= NONE
COT{,”LEES' < FALSE CRS (curlD = local_nodelD) *
pica,_ active & FALSE {flpackelPiending) +
dplca_txop_claim < UNCLAIMED l { (Iplca_active)) * (ICRS)
dplca_txop_end < FALSE
dplcatrop_id & 0 EARLY_RECEIVE Flcamachlve "‘ delD)
dplca_txop_node_count <= plca_node_count curlD = local_nodelD) *

stop to_timer packetPending * (ICRS) ta_timer_dane *

start béacon_det_timer

(curlD =Tocal_nodelD) *

plca_en* plca_en*
(local_nodelD =0)* (local_nodelD = 0) {ICRS)* (ICRS)
((j(llocal_ﬂodelD #268) + C (local_nodelD =0} y v
EELED) COMMIT o
invalid b d A J te_cmd < COMMIT
invalid_beacon_timer_ onei RECOVER committed < TRUE
A 4 stop to_timer
RESYNC plca_active < FALSE E|!CR|5> " 4elD =) bc <=0
ocal_nodelD =0) *
- (rx_cmd = BEACON) * -
gléiaigg;_;gtii% E beacon_det_timer_done TX_EN to_timer_done
ucT
CRS*
(local_nodelD =0) * (ITX_EN) * to ti t d
local_nodelD = 0) * (Ireceiving) * = ©0_timer_not_done
(e -0 PMCD * (ICRS) * (ITX_EN) * ((rx_cmd = BEACON) + (IpacketPending)
(local_nodelD = 0) ((ICRS)*
beacon_det_timer_not_done))
SEND_BEACON @ receiving * CRS
start beacon_timer v
tx_cmd < BEACON
plca_active < TRUE v L BURST
TRANSMIT
RECEIVE be —bc+1
IF x_cmd = COMMIT THEN tx_cmd < NONE tx_emd < COMMIT
dplca_txop_claim < CLAIMED IFbec > max_bhec THEN start burst_timer
ND - committed < FALSE
beacon_timer_done END
- B TX_EN (ITX_EN)*
y CRS (o cmd = BEACON) * burst_timer_done
x_cmd = N
SYNCING (local_nodeiD»0) | (|EM (TX_EN)*
LC;FID dc= 0 NONE (bc > max_bc) bec < max_bec
cmd <
plca_active & TRUE ICRS
IF {local_nodelD = 0)* (rx_cmd = BEACON) THEN
start invalid_beacon_timer
ND
dplca_txop_node_count < dplca_txop_id
ICRS v v v v ABORT
NEXT_TX_OPPORTUNITY tx_cmd < NONE
committed < FALSE
curlD < curlD + 1

committed <= FALSE

dplca_txop_end = TRUE ICRS
Figure 148-3—PLCA Control state diagram, part a ((local_nodelD =0) * ({{local_nodelD = 0) +
(curlD = plca_node_count)) + (curlD < plca_node_count)) *
(curlD = 255) * (curlD = 255)) *
((dplca_txop_table upd + E Eéd;lj\l:a_bcpp_taglgl_:l)lfd ad I . @ ICROCHIP
(dplca_aging = OFF)) + (ldplca_en)) pleca_aging = + (Idplca_en hn

Figure 148—4—PLCA Control state diagram, part b



PLCA Data State Diagram

plca_reset + (Iplca_en) + (plca_status = OK)
ﬁ l COLLIDE
packetPending < FALSE
NORMAL WAIT_IDLE CARRIER_STATUS < CARRIER_ON
packelPending = FALSE packetPending = FALSE SIGNAL_STATUS < SIGNAL_ERROR
IFCRS TH CARRIER_STATUS < CARRIER_OFF as=0
CARRIER_STATUS &< CARRIER_ON SIGNAL_STATUS < NO_SIGNAL_ERROR b0
TXD < ENCODE_TXD(tx_cmd_sync) TXD <= ENCODE_TXD(tx_cmd_sync)
CARRIER_STATUS ¢« CARRIER_OFF TX_EN < FALSE TX_ER < ENCODE_TXER(tx_cmd_sync) ELSE
END TX_ER < ENCODE_TXER(tx_cmd_sync) start pending_timer
TXD < plca_txd a<0 *
TX_EN « plca_txen be=0 #!plcail_)(en ‘ L plca_txen * plca_txer
TX“ER & plca_txer L J
IF COL THEN DELAY_PENDING
g SIONALSTATUS SSIGNALERROR ) ageB=(cRs) MCD ' CRS* ELSE SIGNAL_STATUS & NO_SIGNAL_ERROR @
SIGNAL_STATUS < NO_SIGNAL_ERROR | Ucommitted) e TXD < ENCODE_TXD(tx_cmd_sync)
E ELsE | | TX_ER < ENCODE_TXER(tx_cmd_sync)
ELSE plca_en * — + pending_timer_done
(Iplca_reset) * (ICRS) * L 4
lca_status = OK) *
(ireceiving) * (Iplca_teen) | gl%::a\_nodelD - 25).5) ‘v PENDING
packetPending <= TRUE
IDLE start commit_timer
packetPending & FALSE TXD < ENCODE_TXD(tx_cmd_sync)
CARRIER_STATUS < CARRIER_OFF ELSE | | TX_ER < ENCODE_TXER(tx_cmd_sync)
SIGNAL_STATUS < NO_SIGNAL_ERROR L1 committed
TXD < ENCODE_TXD(tx_cmd_sync)
TX_EN < FALSE
;):EEOR < ENCODE_TXER(tx_cmd_sync) ELSE WAIT_MAC
b=0 CARRIER STATUS « CARRIER_OFF
receiving * (Iplca_txen) * plca_txen ELSE TXD < ENCODE_TXD(tx_cmd_sync)
(tx_cmd = NONE) TX_ER < ENCODE_TXER(tx_cmd_sync) | (ipica_txen) * commit_timer_done
MCD * plca_txen I
RECEIVE A v
IF CRS * (mx_cmd = COMMIT) THEN TRANSMIT
£ CARRIER_STATUS < CARRIER_ON packetPending < FALSE
CARRIER_STATUS & CARRIER_OFF CARRIER_STATUS < CARRIER_ON
TXD < plea_txdy 5
TXD < ENCODE_TXD(tx_cmd_sync) TX_EN < TRUE
TX_ER < ENCODE_TXER(tx_cmd_sync) TX_ER & plca_txer
IF COL THEN
pica_txen ELSE | SIGNAL_STATUS & SIGNAL_ERROR
a<0
ELSE
HOLD MCD * plca_txen SIGNAL_STATUS < NO_SIGNAL_ERROR
packetPending < TRU END
CARRIER_STATUS = CARRIER _ON
acsa+ MCD * (Iplca_txen) * (a > 0) | MCD * (Iplca_txen) * (a = 0)
TX_ER < ENCODE_TXER(tx_cmd_sync)
TXD < ENCODE_TXD(tx_cmd_sync) MCD * y
MCD * (lcommitted) * plca_txer FLUSH
(Iplca_txer) * (Ireceiving) * CARRIER_STATUS < CARRIER_ON
(a < delay_line_length) TXD < plca_txdp,_,
ABORT TX_EN = TRUE'
TX_ER tplca txer
packetPending < FALSE b<hb
e TX_ER < ENCODE_TXER(tx_cmd_sync) IF COL THEN
' (Iplca_txer) * (receiving + TXD < ENCODE_TXD(tx_cmd_sync) SIGNAL_STATUS < SIGNAL_ERROR

¥ (azdelay_line_length)) E SE ELSE
A plca_txen SIGNAL_STATUS < NO_SIGNAL_ERROR
END

MCD * committed * (Ireceiving) *

(Iplca_txer) * (a < delay_line_length)
. . MCD * (a=b) MCD* (b=a)
Figure 148-5—PLCA Data state diagram, part a
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D-PLCA Aging State Diagram - New

dplca_aging = OFF

v

DISABLED

aging_cnt <=0

CLEAR_TXOP_TABLE(txop_claim_table)
CLEAR_TXOP_TABLE(txop_claim_table_new)

dplca_new_age < FALSE
dplea_txop_table upd & FALSE

¢UCT

v

WAIT_TXOP_END

dplca_new_age < FALSE
dplca_txop_table_upd < FALSE

#dplca_txop_end

TXOP_END

IF dplca_txop_id = 0 THEN
IF aging_cnt = aging_cycles

dplca_new_age < TRUE
aging_cnt <=0
ELSE
aging_cnt < aging_cnt + 1
END

END

THEN

txop_claim_table < txop_claim_table_new
CLEAR_TXOP_TABLE(txop_claim_table_new)

dplca_txop_claim = UNCLAIMED

dplca_txop_claim = CLAIMED

UPDATE_CLAIMED

txop_claim_table[dplca_txop_id] « CLAIMED
txop_claim_table_new[dplca_txop_id] &< CLAIMED

ucTt
v
NOTIFY
dplca_txop_table_upd < TRUE
| Idplca_txop_end
10 Figure 148-9—D-PLCA Aging state diagram
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D-PLCA C

3

ontrol State Diagram - New

plca_reset + (ldplca_en) + (lplca_en) T

v

DISABLED

start wait_beacon_timer
dplca_aging < OFF

LUCT

WAIT_BEACON

(lcoordinator_role_allowed) *

local_nodelD < 254
wait_beacon_timer_done * plca_node_count <= dplca_min_node_count

(plca_status = FAIL)

wait_beacon_timer_do

coordinator_role_allg
(plca_status = FA|

local_nodelD < 0
dplca_aging &< ON

COORDINAY

plea_status = OK

(ICLAIMING(O)) *

(mx_cmd = BEACON) *
dplca_txop_table_upd *
(ICLAIMING(plca_node_count - 1)) *
dplca_new_age

o (tx_cmd = BEAGON)

start beacon_timeout_timer

LOOPBACK_TX

REDUCE_NODE_COUNT

h.

beacon_timeout_timer_done
y (x_cmd = BEACON)

plca_node_count < dplca_min_node_count
ELSE

IF (MAX_CLAIM(txop_claim_table) + 2) < dplca_min_node_couly \
THEN

plca_node_count & MAX_CLAIM(txop_claim_table) + 2
END

LOOPBACK_RX

\ | _(n_cmd = BEACON)

%, txop_table upd*
Q)+

(ICLAIMING(0)) *
Idplca_new_age (rx_cmd = BEACON) *
dplca_txop_table_upd *

CLAIMING(plca_node_count- 1) *

(plca_node_count < 255)

!

INCREASE_NODE_COUNT

plea_node_count < plca_node_count + 1

Ildplca_txop_table_upd

dplca_fxop_table_upd * (plca_status = OK) *
CLAIMING(local_nodelD) +

dplca_txop_table_upd *
dplca_new_age *
(plca_status = OK)

LEARNING

local_nodelD < 254
dplca_aging <= ON
pick_wait_count =0

plca_status = FAIL
v

PICK_WAIT

r_cmd = BEACON v

PICK_WAIT_INCREMENT plea_status = FAIL

pick_wait_count < pick_wait_count + 1

pick_wait_count =

rx_cmd = BEACON

pick_wait_cycles

FOLLOWER

local_nodelD < PICK_FREE_TXOP(txop_claim_table)

( (dplca_txop_id = 0) * (dplca_txop_node_count < local_nodelD) ) +

( dplca_new_age *

(local_nodelD > MAX_CLAIM(txop_claim_table)) )
)

|

plea_status = FAIL

Figure 148-8—D-PLCA Control state diagram

What is all this in here?
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D-PLCA Control State Diagram - Oddities

This portion of the state diagram works e vy
around the fact that the PHY receives the

local_nodelD <=0

BEACONSs that it transmits and we had to dplca_aging < ON .
i (tx_cmd = BEACON)
:r:\::gll‘llr;t for variable MII/PHY latency to e~ BEACON

start beacon_timeout_timer

l heac:::n_time:::ut_tim:ler_dﬂne
These timing corners are common in the (rx_cmd = BEACON)
PLCA state diagrams HOOPBACK X

(m_cmd = BEACON)
Figure 148-8—D-PLCA Control state diagram (excerpt)
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https://www.ieee802.org/3/da/public/0525/Baggett 3da Cmt47 DPLCA Block Own BEACONs v01.pdf
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Conclusions

* Clause 147 and 188 PHYs only

* No changes, no new symbol encodings
* No new PHYs in this task force

* Constrain changes to Clause 148 (PLCA RS) and a service
interface
* Don’t use MIl to communicate priority class

* Due to PLCA RS and timing complexity, we should follow the D-PLCA
approach:

* Keep changes to the existing PLCA state diagrams as minimal as possible.
* Major changes should be kept as separate, new state diagrams.
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Thank You

Questions?
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