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Why Are We Here?

802.3cg includes PLCA (Physical Layer Collision
Avoidance) operation using 10BASE-T1S in shared
medium. And it is deployed on production vehicles.

PLCA provides fair and equal access to all nodes.

lts Maximum Latency is bounded, by number of nodes,
max packet sizes, number of packets in a burst. But....

It’s too long (for control loop applications) and not
deterministic because of it (variability). Even for a small
number of nodes in a segment.



PLS Reconciliation Sublayer (RS)

But first, whatis PLCA? . =
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to the ISO/IEC OSI reference model and the |IEEE 802.3 Ethernet model



What do we need to study?

* Could the maximum latency be constrained such that both
bandwidth and latency may be deterministic on this shared bus?

* Inthis context, latency variability to be bounded, and absolute latency
value to be much smaller value.
* Bandwidth contract is directly related to latency bounds.

 Unequal access (differentiated services) over fair access must avoid
any starvation of lower class of service.

* Are there at least one technical feasibility that meets the rest of the
I[EEE 802 criteria? If so, this study is worth doing.



Control Loops (or Controls Applications)

* [Sense] 2 [Compute] = [Actuate] control loop.

* The worst case end-to-end latency often determine the robustness and feature of the controls
applications.
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FAQ: (Relative) Priorities vs Determinism

* Relative Priorities (High, low, etc.) are great.
But it does not help with bounded latency
and determinism.

* |f determinism is not given, everyone would
request high priority. If everyoneis
important, no one is important.

* Determinism does not mean lowest latency.
It means bounded latency and assured
delivery.




FAQ: Multiple Node IDs ("Weighted Round Robin”)

A single physical node may contain more than one PLCA node IDs
such that each node ID gets a transmit opportunity.

This allows for weighted round robin transmission onto the shared
medium.

How transmit queues (MAC client) use these multiple node IDs are
highly implementation and systems integrator dependent.

It’s a variation on priority scheme. Not determinism.
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PLCA characteristics

» Existing Physical Layer Collision Avoidance (PLCA) provides:
= Fair and equal access to a shared medium
= Bounded maximum latency

» Maximum latency is a function of parameters such as:
= number of nodes on the link
* maximum frame size

» burst configuration

Examples:
* 9 nodes, max frame size 512 bytes, no burst, queue depth =1: Max latency = 3.8 ms
* 4 nodes, max frame size 512 bytes, no burst, queue depth =1: Max latency = 1.7 ms

= Omnest simulation with realistic traffic for automotive use cases
5 nodes, 54 periodic frames, 48% bus utilization: Max latency = 16 ms

RESEARCH &
DEVELOPMENT (*): Determining max. latency for a frame F in a node N. F is assumed to be at the head of N’s transmit queue (queue depth = 1).



What we propose to explore

Enhancements to PLCA for differentiated services with:

» Bounded maximum latency (as with PLCA)

» Comparedto PLCA w/o differentiated services:
= Lower max latency, for low latency nodes (as required for control applications)
= Higher max latency, for best effort nodes
= Deterministic Services, consistent with TSN philosophy

» Guaranteed bus access and deterministic latency (no starvation)

» Ability to customize / fine tune max latency
= for each node, or

= onapernode and per priority (PCP code) basis

RESEARCH &
DEVELOPMENT
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Why Differentiated Services for I0BASE-T1S? (slide 1/3)

RESEARCH &
DEVELOPMENT

Automotive control applications with low latency requirements
Examples: Brake-by-wire, Steer-by-wire, Active suspension, Motor control

Industrial control use cases with low latency requirements
Examples: High-Speed Tool-Tip Synchronization in Multi-Axis Robotics,
Closed-Loop Motion Control on Assembly Line Segments

Single link supports nodes with mixed latency requirements

n



Why Differentiated Services for I0BASE-T1S? (slide 2/3)

Uplink to switched part
of in-vehicle network

Switch
NO

[ M N2
m_—m

—
3 oo

B Low latency node
I Best effort node

RESEARCH &
DEVELOPMENT

Picture is an oversimplification as:

> Latency requirements don’t typically fall into just two
cateqgories.

» On asingle node some periodic frames can have low
latency requirements and others are best effort.
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Why Differentiated Services for I0BASE-T1S?

Switch
NO

[ M 2

.
3
m_ 10Base

Link #1

* Higher latency °

« Fewer wires and
switch ports ¢

RESEARCH &
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(slide 3/3)

I
[Switch ]
Without differentiated i [ro]
service: = -
We are frequently L. -
forced to reduce the oBaee 3
number of nodes on a - Link #1a 10Base

link to reduce latency.

B Low latency node

Link #1b

Lower latency ¢
More wires, more
switch ports,

higher cost 5

[ Best effort node 13



Differentiated Services Concept (1/4)

Desired behavior:

» Differentiate between nodes with different
latency requirements

» Example:

» Low Latency nodes can send frequently
(e.g., in every cycle)

» Medium latency nodes send less frequently
(e.g.,in every other cycle)

» Best effort nodes send infrequently
(e.g.,in every fourth cycle)

Key idea:

cycle | Node NO | Node N1 | Node N2 | Node N3 | Node N4 | Node N5

1 X X X

2 X X X

3 X X X
4 X X X

5 X X X

6 X X X

7 X X X
8 X X X

9 X X X

10 X X X

11 X X X
12 X X X

13 X X X

14 X X X

15 X X X
16 X X X

\ J \

Low Latency
Node

T

Medium Latency
Nodes

Best Effort
Nodes

Total

w

G W W W W W WWWwWwWwwWwwwww

» Limit the number of nodes that can send in any cycle to a small constant number!
» Latency is no longer a direct function of the number of nodes on the network.

RESEARCH &
DEVELOPMENT



Differentiated Services Concept (2/4)

Differentiated Services (per node):

» Each node N, has 2 config parameters:

» A node Ni has permission to send if:

RESEARCH &
DEVELOPMENT

O It’s TO is available, and

O (cc;+0o)modm; =0

m; 1 2 4

o 1 1

cc; NO N1 N2 N3 N4 N5 Total

1 X X X 3

2 X X X 3

3 X X X 3

4 X X X 3
m;, O; 5 X X X 3

6 X X X 3

7 X X X 3

8 X X X 3

9 X X X 3

10 X X X 3

11 X X X 3

12 X X X 3

13 X X X 3

14 X X X 3

15 X X X 3

16 X X X 3

\ J \

Low Latency
Node

Medium Latency
Nodes

T

Best Effort
Nodes



Differentiated Services Concept (3/4)

Differentiated Services (per class of service)
» Node can have mixed latency traffic.

» Example Node Na:
PCP=T7 low latency (PLCAID =0)
PCP=4 medium latency (PLCAID =1)
» Example

U The max number of frames that can be send in any
given cycle is constraint to an upper bound of 5

U Low latency frames: Every cycle
U Medium latency frames: Every other cycle

O Best effort frames: Every 4th cycle

» Requires:
O Ability to assign multiple PLCA IDs to a node

U Nodes with multiple transmit queues (mapped to PCP codes)

m; 1 2 1 2 2 4 4 1

o 0 1 0 1 0 2 0 0

cg; Na Na Nb Nb Nc Nec Nd Ne
ID=0 | ID=1 | ID=2 | ID=3 | ID=4 | ID=5 | ID=6 | ID=7
PCP=7 | PCP=4 | PCP=1 | PCP=4 | PCP=4 | PCP=0 | PCP=0 | PCP=7

1 X X X X X

2 X X X X X

3 X X X X X

4 X X X X X

5 X X X X X

6 X X X X X

7 X X X X X

8 X X X X X

9 X X X X X

10 X X X X X

11 X X X X X

12 X X X X X

13 X X X X X

14 X X X X X

15 X X X X X

16 X X X X X

Y J\ Y JL Y J\ J\ J
Na: Nb: Nc: Nd: Ne:

low, med low, med med, BE BE low

U Parameters m, o for each used (per PCP per Node) combination.

RESEARCH &
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Total

en

€N En &N N e en &N R &N R Een €N fn en en
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Differentiated Services Concept (4/4)

Cycle Counter:

» Node names: NO,N1,...,Nn

» Each node N, has a local notion cc; of a global cycle counter
» Node N, increments cc; upon reception of Beacon
>

Coordinator periodically sends reset signal (e.q., every few cycles)
(enables nodes that with late power-on to join)

» Options for reset signal coding needs exploration
(Possibly a revision of the beacon symbol)

Cycle Counter cc; 4 5 6
Communication Cycles gc|(oj1(2|3(4|0|0|1|2|3|4|5|0(0
reset signal

RESEARCH &
DEVELOPMENT



Latency calculations ...

m, 1 1 7 7 7 7 7 7 7
o; 0 0 6 5 4 3 2 1 0
cc; NO N1 N2 N3 N4 N5 N6 N7 N8
1 X X X
Let’s revisit the 9-node example: o o
5 X X X
9 nodes, max frame size 512 bytes, no burst, X —r—
queue depth =10 T T
10 X X X
11 X X X
> Without Differentiated Services: o S
14 X X X
Max latency = 3.8 ms e
> With Differentiated Services: Low Latency Best Effort
Nodes Nodes

= Assuming two low latency nodes (NO, N1)
= Assuming seven best effort nodes (N2 - N8)
= Assuming the configuration for m, c; values shown in the table

= Max latency: = 1.3 ms for low latency nodes, = 8.8 ms for best effort nodes

RESEARCH &
DEVELOPMENT (*): Determining max. latency for a frame F in a node N. F is assumed to be at the head of N’s transmit queue (queue depth = 1).

Total

L0 ed K3 ORD R L0 LD 0 3 R R R LD D )
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Why now?

Pain points described in this deck existed from Day 1
We now have an approach for Differentiated Services for IOBASE T1S that addresses these pain points

The approach shown in this deck at a high-level will require more exploration!

vV V VYV V

Variants and/or alternative approaches are possible and worth exploring!

RESEARCH &
DEVELOPMENT
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Thank you !

RESEARCH &
DEVELOPMENT
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