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Background

Collision handling at MAC vs. slotTime

| Preamble | SFD | DA | SA | Length/Type Data/Pad FCS | Extension |
|t minFrameSize L
|t slotTime |
|- FCS Coverage -

f late collision threshold (slotTime) -

[t duration of carrier event L

Figure 4-5—Frame with carrier extension

During sending, MAC reacts to PLS_SIGNAL.indication, reacting to the collisions and
making new transmit attempts. This behavior is guaranteed until slotTime (512BT)

has been reached during sending. After the slotTime has passed, MAC can report
lateCollisionErrorStatus, and stop making further transmit attempts.

Late collisions should never happen on a properly functioning network.



Background
PLCA variable delay line

»I1he variable delay line is a small buffer that aligns a transmission with the transmit
opportunity. The variable delay line length is no greater than to_timer x
plca_node _count + beacon_timer.”

IF to_timer x plca_node _count + beacon_timer > slotTime
THEN the maximum delay line length can exceed the late collision threshold in MAC.



PLCA with small delay line — NO ISSUES

MAC of Node 8 starts sending, but node 5 sends data and delays Transmit Opportunity 8.

 When MAC of node 8 starts sending, PLCA uses the delay line to align transmission to Transmit Opportunity 8.
» If node 5 starts transmitting meanwhile, Transmit Opportunity 8 will come later than expected
« To limit the delay, node 8 PLCA asserts PLS_SIGNAL.indication to the MAC.

- Node 8 MAC will back off for 0 or 512 BT, then make a new transmit attempt

- PLCA uses PLS_CARRIER.indication to defer MAC re-transmission until Transmit Opportunity 8

- At TO#8, PLS_CARRIER.indication is de-asserted. MAC defers for InterPacketGap, this time is filled with
COMMIT, then MAC sends data which is put directly on the line.

Qode 5 transmits >

Transmit Opportunity BCN X 0 ¥ 1 ¥ 2 X 3 X 4 ) sf = X6 )7 8
Data on the line W\ J.IIr node 5 frame_fl.‘f‘......______.... "I.l ,I" COMMIT }{ node & frame
[NS] PLS_CARRIER.indication [ Ji \ /
[N8] PLS_SIGNAL indication [\ Ji
[N&] MAC action Ai transmit data }{ P back off ... defgr until CARRIER_OFF }{ InterPacketGap re-transmit data
[N8] PLCA action ﬁ Delay data until TOH8 //Trigger a collision... 'E':le MAC with CARRIER_ON }{ CARRIER_OFF, COMMIT y put MAC data on the line

Node 8 using deferred transmission method

[N8] MAC handles
collision

[N8] MAC re-transmits




PLCA with big delay line (large number of nodes) - PROBLEM

Perspective of node 30, yellow fields highlight the problem

Due to excessive delay, late collision threshold (>=512BT) is reached
in MAC.

Node 26 transmits data and causes a late collision in node 30. MAC of
node 30 does not make a new transmit attempt.

Considered
node ID = 30

Transmit Opporturity BCN J 0 {1 X 2 X 3 X 4 X 5 X ] X 22 (23 24 (25 26 I 27 {28 {29 ) N 30
Data on the line BCN { / node 26 frame i \ / COMMIT
[N30] PLS_CARRIER indication '/ Ji \
[N30] PLS_SIGNAL indication { T\
[N30] MAC action /::-l—-———___,_‘__ Transmit datajj‘r i{ late collision error ){ no re-transmit
dela;::;_r'ger [EEE _2—5;
[N30] PLCA action 7)__Delay the datafromMAC........... Jl. K Trigger a collision... hold MAC with CARRIER_ON ¥ CARRIER_OFF, COMMIT

Late collision
threshold reached
20BT * 26 = 520BT > 512BT



PLCA with big delay line (to_timer = 60BT) - PROBLEM

Perspective of node 10, yellow fields highlight the problem

Due to excessive delay, late collision threshold (>=512BT) is

reached in MAC.

Node 9 transmits data and causes a late collision in node 10. MAC

of node 10 does not make a new transmit attempt.

Considered
node ID = 10

Transmit Opportunity BCN K 0 I 1 I D ﬁ g ﬂ }{ 10
Data on the line BCN \ i / node 9 frame |/ \ COMMIT
[N30] PLS_CARRIER indication / J J \
[N30] PLS_SIGNAL indication i I\ i
[N30] MAC action ie———— Eansmit data ,I',I’ i}{ late collision err:ﬂ I no re-transmit
= ;?rger tbﬂ'mE_ e "
[N30] PLCA action 7/} _Delay the data fromMAC.._........ J"————————»F Trigger a collision, CARFER_ON | CARRIER_OFF, COMMIT

Late collision
threshold reached
OBT * 9 = 540BT > 512BT




Comments

o 1-427:

Even when the variable delay line length is less than slotTime, it is possible to configure
a node to overrun the delay line before a transmit opportunity arrives. For example, if
to_timer is set to 255 and there are more than 2 nodes, the delay line can fill before the
transmit opportunity arrives. Other combinations of settings can lead to the same error.

* 1-425:

The existing draft allows configuration of compliant implementations in a way that
violates a rule of CSMA/CD physical layer design - that the delay in the physical layer
should not be allowed to be so long that late collisions can occur. The variable delay
line length is allowed to be up to to_timer * plca_node_count + beacon_timer. The delay
line should be limited to less than the slotTime in order to avoid late collisions.

e [-198:

Variable delay line in PLCA RS can overrun slotTime, resulting in late collisions.



Proposed solution

The variable delay line length shall be limited to assure there
are no late collisions.

When the maximum delay line length is reached, trigger a
collision to the MAC.

Use pending_timer to cover MAC back-off time, then continue
with the deferred transmission method.

TOo# BCN X 0 X 1 [ Dzs){z4){25){2e){ecw}(o){1}{ ,{D(m)(zz)(zs){m){ 25
Data on the line [/ I / COMMIT \ node 25 data
[N25] PLS_CARRIER indication _ / Ji J/ \ /
[N25] PLS_SIGNAL indication [/ [\ f
[N25] MAC action 777/ ze+——__ Tx |l i Backoff Il ) Defer ) IPG I Tx
[N25] PLCA action 7777\ HOLD I}*=——+}500L}[{ DELAY PENDING /| T PENDING WAIT_MAC b TRANSMIT
- sending_timer >

Collide and defer transmission when the maximum length of variable delay line is reached.
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ELSE |

plca_reset + Iplca_en

! v

NORMAL

packetPending < FALSE
IF CRS THEN
. CARRIER_STATUS <= CARRIER_ON

CARRIER_STATUS <= CARRIER_OFF
TXD < plca_txd
TX_EN < plca_txen
IF COL THEN

SIGNAL_STATUS «< SIGNAL_ERROR

E
SIGNAL_STATUS < NO_SIGNAL_ERROR

plca_en

Ireceiving * Iplca_txen

receiving * Iplca_en *
tx_cmd = NONE

IDLE

packetPending < FALSE
CARRIER_STATUS < CARRIER_OFF
SIGNAL_STATUS <= NO_SIGNAL_ERROR
TXD < 0000

TX_EN < FALSE

a<=0

b<=0

plca_txen

RECEIVE

IF CRS * (rx_cmd = COMMIT) THEN
CARRIER_STATUS < CARRIER_ON

E
CARRIER_STATUS <= CARRIER_OFF

plca_txen

Y

<l

v v
HOLD

packetPending < TRUE
CARRIER_STATUS < CARRIER_ON
aca+1

MCD * lcommitted *
ITX_ER * Ireceiving *
recv_timer_not_done

-

recv_timer_done + receiving

+a2 i -
a2 delay_line_length recv_timer_not_done

ecv_timer_not_done * MCD *
lcommitted * TX_ER * Ireceiving

[

ABORT

packetPending < FALSE
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[ ]
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Figure 148-4—PLCA DATA state diagram

In Figure 148-4, in the transition from the HOLD state
to the A connector, change the condition to:
recv_timer_done +

receiving +

a 2 delay_line_length

'



MCD * plca_txen

MCD * (a = b)

]

COLLIDE

packetPending <= FALSE
CARRIER_STATUS < CARRIER_ON
SIGNAL_STATUS < SIGNAL_ERROR

a0 Iplca_txen

DELAY_PENDING

b<=0

}@ca_txen
A4

PENDING

\ 4

A

packetPending <= TRUE ~

committed
WAIT_MAC

CARRIER_STATUS <= CARRIER_OFF
start commit_timer

start pending_timer
SIGNAL_STATUS <= NO_SIGNAL_ERROR

pending_timer_done

plca_txen | Iplca_txen * commit_timer_done

v h 4

TRANSMIT

packetPending < FALSE
CARRIER_STATUS < CARRIER_ON
TXD < plca_txd,,_5
TX_EN = TRUE
IF COL THEN
SIGNAL_STATUS < SIGNAL_ERROR

E
SIGNAL_STATUS <= NO_SIGNAL_ERROR
END

v 4

MCD * Iplca_txen *(a > Q) MCD * Iplca_txen *(a = 0)

FLUSH

CARRIER_STATUS < CARRIER_ON
TXD < plca_txd,_,

TX_EN < TRU

be=b+1

coL
SIGNAL_STATUS < SIGNAL_ERROR

SIGNAL_STATUS < NO_SIGNAL_ERROR
END

MCD * (b=a)

V.

\ 4

d

Figure 148—-4—PLCA DATA state diagram (continued)

In Figure 148-4 do the following:

1. remove the transition from the COLLIDE to
the PENDING STATE and its associated condition

2. In Figure 148-4, add a new state DELAY_PENDING between
COLLIDE and PENDING states.

3. Add a transition between COLLIDE and DELAY_PENDING
states with the following condition: “Iplca_txen”

4. Add a transition between DELAY _PENDING and PENDING
states with the following condition: “pending_timer_done”

5. Add the following text inside the DELAY_PENDING state box:
“start pending_timer

SIGNAL_STATUS <= NO_SIGNAL_ERROR”

6. From the PENDING state delete “CARRIER_STATUS <= CARRIER_ON”
and “SIGNAL_STATUS <= NO_SIGNAL_ERROR”

Grant editorial license to draw the diagram according to IEEE 802.3 style



148.4.6.1 PLCA Data State Diagram

The variable delay line is a small buffer that aligns a transmission with the

transmit opportunity. Fhevariable-delaytnelength-isno-greaterthan
to—timer<plca—node—count+beacontimer

[...]

During the COLLIDE state, the PLCA Data state diagram asserts
acketPendmg = FALSE and CARRIER STATUS = CARRIER ON via the
PLS CARRIER.indication primitive. When the MAC is done sending the jam
bits as described in Clause 4, it waits for the next transmit opportunity by
switching to DELAY PENDING state. The PLCA Data State Diagram switches to
the PENDING state after waiting for the pending_timer. The pending_timer is
used to prevent committing to a transmit opportunity before transmit data is
Iz::\)\lqa\}lable This prevents conveying unwanted long COMMIT requests to the



Append text to 148.4.6.4 Timers

pending_timer

Defined the time the PLCA Data State Diagram waits in the
DELAY_ PENDING state before switching to PENDING state.
Duration: 512 bit times.



add subclause 148.4.6.5 Constants

delay_line length

This constant is implementation dependent and specifies the maximum length
of the PLCA RS variable delay line depicted in figure 148-2.
Value: up to 480 bit times



148.4.3.1.2 Semantic of the service primitive
PLS_DATA.request (OUTPUT _UNIT)

The OUTPUT_UNIT parameter can take one of three values: ONE, ZERO, or
DATA_COMPLETE. It represents a single data bit. The values ONE and ZERO
are conveyed by the PLCA variables plca_txd<3>, plca_txd<2>, plca_txd<1>,
and plca_txd<0>, each of which conveys one bit of data while plca_txen is set
to TRUE. The value DATA_COMPLETE is conveyed by setting the variable
plca_txen to FALSE. MlIl signals TXD and TX_EN are generated by way of the
PLCA DATA state diagrams specified in 148.4.6. Synchronization between the
RS and the PHY is achieved by way of the TX_CLK signal.

The mapping of this primitive to the plca_txen and plca_txd variables shall

be accomplished in less than or equal to 8 bit times.



Thank you &) Roghawen

lilﬂ'ﬂDE

www.rockwellautomation.co


http://rockwellautomation.com/rockwellautomation/news/blog/overview.page
http://facebook.com/ROKAutomation
http://instagram.com/rokautomation
http://linkedin.com/company/rockwell-automation/
http://twitter.com/ROKAutomation
http://youtube.com/user/ROKAutomation/home

