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◼ Full-line strategy to meet the diverse needs of customers 
worldwide

◼ Scalable and sustainably evolving E/E architecture is the key

◼ The challenge of designing a system that spans both high-end 
and low-end models

◼ We seek an evolutionary path that builds on existing systems, 
making the most of Ethernet’s strengths

Vision: Scalable & Sustainable E/E Architecture



◼ CAN/CAN-FD dominates real-time, signal-based communication

◼ Well-established ecosystem makes replacement difficult

◼ Widely used in both backbone and edge communication

◼ Multiple CAN buses used to secure backbone bandwidth

CAN/CAN-FD Communication

18 1,134 24,840
CAN/CAN-FD Bus Frame Data Byte

overall

2 700 13,000backbone
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◼ Keep the same number of backbone communication frames and 
data volume, and replace two CAN-FD buses with a single 
10BASE-T1S bus

• Reason for choosing 10BASE-T1S:

• 100/1000BASE-T1 requires switches, which increases cost

Migration Concept

ECU ECU

CAN/CAN-FD 10BASE-T1S×multidrop

current proposal2 bus 1 bus



◼ With limited bus load, CAN requires latency ≤ 20% of the cycle 

◼ At 10 ms cycle, this equals ≤ 2 ms - the constraint for migration

CAN Latency Constraint (baseline for Migration)
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◼ Depends on number of nodes

◼ Depends on frame length per node

◼ Depends on burst transmissions per node (consecutive frames)

PLCA Cycle Duration is Variable
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PLCA cycle varies with system configuration 
→ must be designed to meet 2 ms constraint
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Configuration to Keep PLCA Cycle ≦ 2 ms

1 3Node:0
B C 0-20-1 C 0-3 C 0-4 C C 1-21-1 C 1-3 C 1-4

2

8 - 64byte

CB Beacon Commit ESD+ ESDK

Latency requirement: ≤ 2ms
Maximum PLCA cycle = 1.69msec

Application Data

UDPEthernet IP Ethernet Frame

C C 2-22-1 C 2-3 C 2-4 C C 3-23-1 C 3-3 C 3-4

PLCA configuration satisfies the 2 ms latency requirement

30 1 2

Coordinator Follower node

DATA Ethernet Frame

◼ Number of nodes (assumed):

◼ Application data length per frame:

◼ Burst count derived from ≤ 2 ms: n-2n-1 n-3 n-4



Condition: ≤2 ms PLCA cycle, frame count unchanged

Two CAN-FD Buses → One 10BASE-T1S Bus

ECU ECU

CAN/CAN-FD 10BASE-T1S×multidrop

2.2 bus 1 bus

One 10BASE-T1S bus replaces two CAN-FD buses (>2.2×bandwidth)

＞
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◼ 4-node configuration

Software Evaluation Environment

◼ Software: AUTOSAR Classic Platform
Com ComM

EthSmPduR

Spi

EthIf

EthTrcvEth

SoAd, Tcp

MAC-PHY

SPI

RTE

MCU ◼ Hardware: RH850/U2A16 + LAN8651

◼ CPU Clock:  400 MHz

◼ SPI Frequency:  20 MHz

4-node evaluation setup

30 1 2

Coordinator Follower node



Condition: Each node transmitted 4 frames with 64-byte payloads

Maximum Measured PLCA Cycle ≤ 2 ms

1 3Node:0
B C 0-20-1 C 0-3 C 0-4 C C 1-21-1 C 1-3 C 1-4

2
C C 2-22-1 C 2-3 C 2-4 C C 3-23-1 C 3-3 C 3-4

Measured latency consistently remained within 2 ms

Theoretical: 1.69 ms

Measured: 1.72 ms



Latency Measurement Results
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◼ All frames satisfied the requirement (latency ≤ 20% of cycle)

◼ Latency margin confirmed under the evaluated load

◼ Increasing frame count by ~18% exceeded the limit
Baseline Load +18% Increased Frames

Latency limit exceeded when frame count increased by ~18%

20%20%



◼ Current PHY has only one transmit FIFO channel

◼ Short and long period frames queued in the same FIFO → Blocking

◼ Some frames exceeded 20% latency (>2 ms) when frame count 
increased

Cause: Head-of-Line (HOL) Blocking
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Single Tx FIFO → HOL blocking. Multiple Tx buffers are desirable

Case A: Single FIFO, All frames ≤ 2 ms Case B: Single FIFO, HOL blocking, some > 2ms

2 ms 2 ms



Startup time: reset release → first frame transmission(any node)

Startup time Comparison

CAN-FD 10BASE-T1S

55.19 ms 61.57 ms

61.57ms 

55.19ms 

0 10 20 30 40 50 60 70

10BASE-T1S

CAN-FD Δ6.4 ms

10BASE-T1S でも起動は CAN とほぼ同じで +6 ms、わずか 12 %の差です。実装上の影響はほぼありません。

Almost the Same as CAN. Minimal Impact on Implementation
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◼ MCU resources increase by 2–4× compared to CAN-FD

◼ ROM/RAM sage is acceptable, but processing time is a concern

MCU Resource Footprint: 10BASE-T1S vs CAN-FD
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MCU Resource Evaluation with OA3p Adoption

OA3p provides a more efficient implementation than MAC-PHY

MAC-PHY OA3p
◼ OA3p simplifies Ethernet stack

◼ MCU RAM usage ↓ significantly ※

◼ ROM and processing time ≈ MAC-PHY ※
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Feasibility of L2 Direct Communication

L2 Direct enables smooth migration from CAN/CAN-FD
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◼ Direct at Layer 2 (bypasses SoAd/TCP)

◼ MCU Resources & Processing time ↑ ※

◼ Bandwidth efficiency ↓

Full-stack L2 Direct

※ Partially based on estimated values
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PLCA cycle design confirms migration feasibility of backbone 
communication from CAN/CAN-FD to 10BASE-T1S

Summary – Migration Feasibility and Key Findings

Key Achievements

Bandwidth: One 10BASE-T1S replaces >2 CAN-FD buses

Latency: ≤ 2 ms (theoretical & measured)

Startup Time: ≈ CAN/CAN-FD (minimal impact)

ROM/RAM: Within acceptable range for implementation

Next Steps

Mitigate HOL blocking 
→ Evaluate PHYs that support multiple transmit buffers

Optimize processing load 
→ Investigate feasibility of L2 Direct communication



Future Outlook: Pragmatic Stepwise Deployment

CA B D

Reducing software complexity by adopting RCP

◼ Stepwise migration: Deploy 10BASE-T1S selectively

◼ Coexistence with CAN-FD: Complementary, not replacement

◼ Backbone unification: Under study toward implementation

◼ RCP: Internal use-case study aligned with OPEN Alliance TC18

Unifying multiple CAN-FD backbones



Thank you
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