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m Introduction

* PHY-Level Collision Avoidance is an optional Generic ETHERNET

oo . . . OS'
Reconciliation Sublayer (gRS) defined in clause 148. REFERENCE LAYERS
° ’ i MODEL \
lt's meant to improve (SMA/CD performance AYERS 5 HIGHER LAYERS

(throughput, latency, fairness) for multidrop, mixing- /[ LLC - LOGICAL LINK CONTROL
segment networks featuring a low number of nodes — / OR OTHER MAC CLIENT
. /
and hlgh bus loads. J MAC CONTROL (OPTIONAL)
/
— Not a replacement of (SMA/CD = PLCA actually relies PRESENTATION /S MAC - MEDIA ACCESS CONTROL
on (SMA/CD functions SESSION /.* J 4 RECONCILIATION 7
— Not a replacement of TSN = TSN is expected to work on TRANSPORT /' , MIT —p
10p of PLCA ," ‘," —1
: . : . NETWORK [/
Working principle is to dynamically create transmit o =S
" : ) . . PMA PHY
opportunities to avoid physical collisions on the line. DATALINK | N2
* Canbe seamlessly switched to/from plain CSMA/CD PIYSCAL | e
* Supported by 10BASE-TIS PHY (Clause 147) operating | EDIUM
10BASE-T1S

in multi-drop mode over mixing-segment.
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PLCA in a nutshell
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|
MAX PLCA cycle - MAX latency

PHYs are statically assigned unique node 1Ds [0..N]
PHY with ID = 0 is the head node (PLCA coordinator)

— Sends BEACON to signal the start of a PLCA cycle and let other
PHYs synchronize their transmit opportunity timers

Max latency is guaranteed to always be less than one PLCA cycle

Round-robin scheduling provides fairness

A PLCA cycle consists of one BEACON and N+1 transmit opportunities,
allowing up to N+1 variable size packets to be sent

— PHYs can start a transmission only during the transmit opportunity
which number matches their own node 1D

— A new transmit opportunity starts if nothing is transmitted within
TO_TIMER or at the end of any packet transmission

— PHYs are allowed to transmit COMMIT during their transmit
opportunity to compensate for any MAC latency (e.g. IPG) before
transmitting a packet
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PLCA model

v

MAC [64:1] PLCARS + PHY [1:1]
g H H_ MAC with packet ready to send § - Valid DATA on the LINE
[ [ MAC sending JAM after collision J_L_r Physical collision on the LINE
E MAC in backoff (waiting to re-transmit) : PLCA COMMIT (green) before DATA
& E :j -ﬁ MAC with no packets to transmit I PLCA BEACON (yellow) after DATA
PLCA TO_TIMER / not my TO (orange) PLCATO_TIMER / TO met (green)

n
— I
I

PLCA uses CSMA/CD functions to have the MAC defer transmission until
its next transmit opportunity is met

* In this process, PLCA may force the MAC to backoff at most once if
the line is being accessed by another node

— backoff time at first attempt is always less than the minimum ethernet
packet size

* No impact on throughput / latency!

e
—
|

[
—
|

I 1111

. I I * No physical collisions on the line!
y r WATCH VIDEQ
LINE [1:1] LINE [64:1]
I L L
. H [ [ ‘
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https://www.dropbox.com/s/zupjwpznm5pboao/plca_sim.mp4?dl=0

T - PLCA is not TDMA

* PLCA might look similar to a TDMA system at first glance
— It has been designed to achieve some of the benefits of TDMA, indeed

— But there are significant dissimilarities which makes it totally different
* |n fact, PLCA terminology changed since early presentations in 802.3cg to reflect this

* Transmit Opportunity (TO) vs Time Slot concept

— In TDMA systems all PHYs are synchronized to some “absolute” time reference
Time is statically split into fixed slots, typically the size of one or more packets

PHYs are allowed to transmit only during their pre-assigned slots for up to the slot duration
— Unused time within a slot is wasted = loss of effective throughout
— Packets that would exceed the remaining slot time can’t be transmitted and must be deferred

— In a PLCA system, each PHY keeps track of TO timer on its own after each BEACON

TO_TIMER is very short (typ. 20 bits) = negligible loss of throughput / latency when waiting for PHYs that
have nothing to transmit (that is, they YIELD their T0).

Instead, once a transmission is initiated, other PHYs wait for this one to complete before generating a new TO.
- This is actually in-line with CSMA/CD behavior where TX is deferred by carrier sense and bus utilization adapts to traffic!
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m Relationship with Clause 90 (TSSI)

* PLCA uses a variable delay line
generic Reconciliation Sublayer (gRS)
to meet transmit opportunities R i | meow

. SFD .

. PLS_DATA request "r'll variable delay line l_’ DE%I%CT : TXD<3:0> >
— Such variable delay would cause i
problems to time synchronization i e
profocols 7

PLCA

* To overcome this issue PLCA gRS o e
is specified such as the SFD

detection in the TX pu’[h oCcurs ... TSRmdaon | RCER
after the PLCA delay line

A A A A

A A
)
X
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How PLCA
Works
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m How this works exactly?

* PROBLEM

— The MACis unaware of transmit opportunities and may initiate a transmission “anytime”

* (hanging the MACis not an option
—  Would break compatibility with existing systems and is not in the scope of a physical layer project
* how to defer a transmission to meet a T0?

* THOUGHTS

— Carrier sense indication does the job of deferring TX but. ..
* According to Clause 4, as soon as (RS is de-asserted, a pending packet will be sent after IPG, despite CRS being re-asserted (possibly causing a physical collision).
— This has been done to provide CSMA/CD a certain level of fairness and mitigate the capture effect
— Buffering packets is not an option either
* Not the job of the physical layer and not cost/complexity effective from an implementation point of view

e SOLUTION

— Use a small variable delay line to defer the transmission until a TO is met or a fransmission from another PHY is initiated
*  Max possible delay = (MAX_ID + 1) * TO_TIMER + BEACON_TIMER = 8 * 20 bits + 20 bits (typ.) = 180 bits for an 8 nodes network

— Inthe latter case, report a local collision to the MAC and keep CRS asserted until next T0 is met (despite actual line status)
*  MAC will back-off then perform a new transmission attempt after CRS is de-asserted and one IPG is elapsed
—  Use COMMIT to prevent other PHYs to “steal” the TO while waiting for the IPG
* Since at first attempt the maximum back-off time is always less than the minimum packet length, the MAC will always be ready to make a new attempt at next T0
— No waste of bandwidth!
* Since CRS is kept asserted until next TO is met, the MAC will perform at maximum one back-off
— no multiple (logical) collisions!
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6 Example waveform

BEACOQ‘
LINE { B { /| DATA i { IDLE/ ) DATA An exumple Of PLCA
TXEN [ Ji T\ // I
| " ” - == cycle is shown, based
I| CcRs / Ji Ji \ [
f f ,, on a PLCA system
f g [ fully implemented
2| ™ 7 DATA —_Jav Y7 A7 7 DATA ool o
f ; ; 7 \ 1 ——— withina PHY I.C. as
coL [ [ / ! . .
shown in slide #15
CURID 7 | 0 A 1 I // L2 X /I 3
. BUS with 8 nodes CRS forced HIGH to prevent the CRS f;'rced LOW to have the MAC
e Node #1 and #3 want to transmit data, others are silent MAC from transmitting until deliver the packet

—  PHY #1 just defers TX until its own transmit opportunity is available CUR_ID=3

—  PHY #3 signals a logical collision because PHY #1 is transmitting,
however:
No physical collisions on the line

Actual TX occurs immediately after PHY #1 transmission with no
additional delay (MAX backoff + latency < MIN packet size)
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6 Example waveform

t == 578 bT (min PKT length}

,1_
F )
:

".4'_

LINE { B /1\\ J/ DATA /I )\ / \ comr{ﬂT ,}i DATA An exumple Of PLCA
[ e ] J I\ | L cycle is shown, based
/
¥ XD 7777 (J | _DATA /I 7 27 %{ %\ ,%V W
/ ) ) ‘ ff} n a PLCA system
coL i I S ona ( y e
32 bT ‘ / .
J | }, [ e fully implemented
k| XD D A [DATA | = JAM A7 T v /// A@ DATA orl °
;I: CRS ‘ Jj \\f B Ji Ji 4 '\ x j == f[ f W”h In d PHY I . (. as
coL__ ' o / I / B | . .
A T T shown in slide #16
cuRID 7 {0 YT /N Y 2 waim ooy |
; : —-l—‘i < 1B::.J .g_—l-—d—g—max backoff < 576 bT (min F'Iﬁ__:.enJ—.:-'::—h— ‘ 4 —d;i;—IPG == Elfi:::;_—h—
MAC #1, 3 start transmlttlng MAC #3 backoff t|me aIways ends before TO #2 is ylelded ; :
PHY#1, 3 packetPendlng <= TRUE PHY #1 transmission is over (attempt— 1) PHY #3 de asserts CRS (aIIow MAC to
PHY #1 TO beglns, data |§,.~put - MAC #3 does not perform a new atjcempt perform ‘new attempt) ,
on the line since packetPending = TRUE - (yet) because CRS is asserted PHY #3 puts COIVIMIT on the Ime to keep
he T
PHY #3 signals a collision to its MAC TO #1 ends when PHY#3 the TO ; .
since PHY #1 carrier is sensed falls silent again MAC #3 weits for IPG then ettempts
MAC #3 initiates backoff and PHY #3 keepsf CRS asserted as transmission again. DATA is
sends JAM in response packetPending == TRUE eventually put on the line
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Performance
Simulations
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m Simulations: CSMA/CD Latency

*  PHY: standard 10BASE-5 or T0BASE-TIS + PLCA

*  MAC: standard CSMA/CD capable MAC(802.3 clause 4) RES U I.TS
— host interface: DPRAM (one frame) + busy indication + size + trigger
— PHY interface: MII (txd, txclk, txen, txer, rxd, rxclk, rxdv, rxer, col, crs) MAX LAT AVG LAT STDEV
*  HOST: simple transmitter - =
— wait for MAC BUSY = 0 MTP PLAIN CSMA/CD PLAIN CSMA/CD PLAIN CSMA/CD
— wait random time between 0 and MTP (sim parameter, 0 = MAX speed) SR PLCA SLE PLCA SLE PLCA
— write random payload data in DPRAM of size PKTSZ 443.4 441.1 26.2
(sim. parameter 60 < PKTSZ < 1500) or random size 0 57595.6 (-99.2%) 1553.3 (-71.6%) 4826.0 (-99.4%)
*  SNIFFER: measuring throughput, latency 54596.4 186.4 90.7
— throughput: number of received bytes (excluding FCS, PREAMBLE) / total 500 59692.8 (-99.0%) 1034.2 (-81.9%) 4637.4 (-98.0%)
simulation time 269.2 74.8 31.6
— latency: time between MAC BUSY = 1 and MAC BUSY = 0 for each node 2000 29387.5 (-99.0%) 618.9 (-87.9%) 2298.2 (-98.6%)
*  Full digital simulation (Verilog) 223.7 64.0 17.8
5000 19645.4 (-99.8%) 264.0 (-75.0%) 1035.7 (-98.3%)
{HOST: | HOST HOST
MAC MAC MAC * 500 packets, size = 60B, variable MTP, 6 nodes. Time unit is LS.
 PHY PHY PHY Comparison between plain CSMA/CD and CSMA/CD + PLCA
1
-==! SNIFFER

C- VOV ATECH

Public Document The . AT



Simulations: CSMA/CD Throughput

Bitrate, MTP =0 Bitrate, MTP = 500
10.00 10.00
9.00 9.00
8.00 8.00
7.00 7.00
»n 6.00 «»w 6.00
= =
s 5.00 5 5.00
S 400 = CSMA/CD +PLCA S 400 = (CSMA/CD + PLCA
3.00 e CSMA/CD 3.00 === CSMA/CD
2.00 2.00
1.00 1.00
0.00 0.00
1 2 3 4 5 6 1 2 3 4 5 6
NUM PHYs NUM PHYs
Bitrate, MTP = 5000
Bitrate, MTP = 2000 10.00
10.00 9.00
9.00 2.00
8.00 200
7.00
., 6.00
© 600 g
5 5.00 s >
> 400 —— CSMA/CD + PLCA = L0 —— CSMA/CD +PLCA
3.00 _ —__— e CSMA/CD 3.00 cme. CSMA/CD
2.00 2.00 L
1.00 1.00
0.00
1 2 3 4 5 6 0.00
1 2 3 4 5 6
NUM PHYs
NUM PHYs
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Simulations: generic TDMA vs CSMA/CD + PLCA

THROGHPUT - burst with PKT_SIZE = 1500 LATENCY - burst with PKT SIZE = 1500
12 12000.0
9.82 977 9.78 9.79 9.79 ¢ g ¢ ¢ ¢
10 *—— ® ® 10000.0
=
o 8 8000.0
z 3
= = =@ PLCA MAX
a 6 2 6000.0
< —8—PLCA g =@ = PLCAAVG
> 8
E 4 «=@==TDMA 4000.0 =@ TDMA MAX
'_
= @ = TDMA AVG
2 2000.0
0 0.0
0 2 4 6 8 10 0 1 2 3 4 5 6 7 8 9
Number of transmitting nodes Number of transmitting nodes
THROGHPUT - burst with PKT_SIZE = random(60, 1500) LATENCY - burst with PKT SIZE = random(60, 1500)
12 12000.0
9.65 953 9.59 9.61 9.58 >~—0— - - ¢
S~
S 8 ,, 8000.0
= S
= > ——8— PLCA MAX
a2 6 2 6000.0
< a=@==P| CA 9 = @= PLCA AVG
S g8
E a —=@=TDMA 4000.0 =@ TDMA MAX
= - @ = TDMA AVG
2 2000.0
0 0.0
0 2 4 6 8 10 0 1 2 3 4 5 6 7 8 9
Number of transmitting nodes Number of transmitting nodes
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Backward
compatibility
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T - What about existing MAC implementations?
* Despite PLCA being described as a gRS (between MAC

and Mll interface), it is possible to fully implement PLCA MAC
within a PHY I.C. interworking with existing 10Mbps il (oxposed]
half-duplex MACs. no PLCA ext
* Basically, PLCA can be implemented as an adapter i PLCA
between the MIl interface exposed to the host MAC and | T internal)
the PHY itself (PCS, PMA). Y with PLCA ext
— The (internal) MIl interface between PLCA and the PHY a PCS
logically implements PLCA Clause 22 extensions (BEACON, PMA
COMMIT signaling) oMD
— The MIl interface exposed to the MAC don’t implement PLCA h
Clause 22 extensions
MDI

— PLCA can still be disabled, in such case the exposed MIl
interface is directly mapped to the PHY
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m MACs not compliant to Clause 4

* Some MAC implementations have been
found not to be fully compliant with Clause

. . . icR iliation Subl RS
4, as they discard packets received during N generic Reconciiation Sublayer (GRS)
a C0||iSi0n D SFD p TX_CLK
. . . . PLS_DATA request »[ Variable delay line ' ' TXD<3:0> g
* PLCA relies on this to receive valid packets [ veriatle ddayine | PR >
in case of logical collisions (which in fact I """" nen
y . PLS_CARRIER.indication PLCA TX_ER >
don’t cause data corruption) oL SIGNALndiaton DATA >
* |tis possible to overcome this problem x -
with a simple implementation work-around ,
— Add a fixed delay in the RX path between ohen |, mams
the gRS and the MAC oM
* Since collisions can only occur at the very T s S s H o
beginning of a transmitted packet, it’s no SR —— XY ST RXD<50>
more possible to have packets received j TS _Rx.ndication RX L R
during this time. T T B
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Demo
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m 10BASE-TIS Prototype Board

10base-TS Multidrop PHY AFE ETH1:
DGT RI45 10/100 Mbit
MDY f 1MoL et Ethernet
pipsw | PG DAC o \[ 5 oo — ETH1:
Lo 7 Altera R o= 10/100BASE-T PHY
clone RJ45 CPU:
A Lowo | Aees 2 x MIl MACs
HSD MDIO [ MII | LBUS (DBG) N i: fg;l_ «:::: Bridge ETH1 — ETHO
h 4 Y A 4 T Demo SW APP
RS_485+/- Embedded Linux VCC (19V)
E' RJfS RMII CPU / —Testl'ng SW
E 100base-T | Freescale j— T ermom - Web GUI
PHY C83 "| (MACADDR)
USB-A
3.3V DC
D+/- 420V 420V
USB-pB USB/UART DC be
VBUS (5V) ~J 1 1
L~ .
e |y DISCLAIMER: The 10BASE-T1S prototype board is not

. Commercial MAC embedded in MPCB306 CPU a commercial product. It has been developed by |
Canova Tech S.r.l. for the sole purpose of developing

) D'g't,ul R,TL synthesized in FPGA and validating 10BASE-T1S IEEE specifications.
* AFEin discrete components
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10BASE-T1S Demo SW Application

e Head node sends 114
byte packets to all
leaves

* Leaves answer back
with 114 byte packet

* SW measures
latencies by the
means of timestamps
inserted in the
packets by FPGA

Public Document

Measured timings:

Loop Time -

HEAD
SW

SW TX Latency -

PHY Latency

LEAF

Leaf Loopback Time -

SW RX Latency -

LEAF
SW

T# dWVISL

€# dINVISL T# dAVISL

P# dINVLSL

S# dINVLSL

Application SW

QS Driver

MAC

_______________________

MAC

H QS Driver

Application SW

T# NdD

T# AHd

T# AHd

<# Ndd



m 10BASE-T1S Demo SW Application
* Additionally, the TOBASE-

T1S Prototype Boards act AvERA AMERA N
as a bridge between the
multi-drop bus, which
ETH1
Conneds ﬂ” The nOdeS ! 10BASE-T 10BASE-T 10BASE-T 10BASE-T
1ogether und The s’rundurd -rg client port client port client port client port
10BASE-T client port @ |
- | owenien sw et (W switch Ty |
* In the picture the traffic 4 |
from two IP cameras is S | | 10BASE-TIS | | 10BASE-TIS | | 10BASE-TIS | 10BASE-TIS
':orwurded to o Pc Viﬂ 1he ] back-end back-end baclf__-_end back-end
10BASE-T1S mixing-
segment network ( |

MULTIDROP SEGMENT

C- AV YOV ATECH

Public Document The Art of Silicon Sculpting



m PLCA summary

* PLCAis a gRS part of the physical layer and improves CSMA/CD performance

— Enables the use of Ethernet in real-time applications with deterministic performance requirements such as
Automotive, Industrial, Building Automation and TLC

— Not a CSMA/CD replacement, not a TSN replacement
— Not a TDMA system

* |t’s based on creating transmit opportunities dynamically (no traffic engineering)
* There is no such concept of fixed time slots, nor network time synchronization

* |t’s described as a gRS but can be implemented in PHY 1Cs interworking with existing MAC / SoC

— Although some MAC implementations are not fully compatible with Clause 4, a simple implementation
work-around exists to have PLCA interwork with such products

* This has been shown to work in real life on a T0BASE-TIS Prototype Board

* PLCA does not affect time precision protocol support (Clause 90) as TSSI detects SFD after PLCA
variable delay line
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THANK YOU!
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