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CFI Objective 
 To gauge the interest in starting a study group developing a 

 

1 Twisted Pair  
100 [C] Mbit/s Ethernet 

 
 This Meeting will NOT: 

 Fully explore the problem 
 Choose any one solution 
 Debate strengths and weaknesses of solutions 
 Create a PAR or 5 Criteria 
 Create a standard or specification 

 Anyone in the room may speak / vote 
 Respect … give it, get it 
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Agenda 
 Overview 
 The need for 100 Mbit/s 
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 Straw Polls 

 
 Backup 

 Automotive Networking and Ethernet 
 Automotive Challenges 
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7 ECU 
1 Bus 2 ECU 

W123 W124 W210 W211 W212 W120/121 
W110/112 

W114/115 

~4100 Signals 

ECU 
Busses 

Signals 

Required  
Bandwidth 

~200 Signals 
30 ECU 
3 Busses 

52 ECU 
5 Busses 

67 ECU 
9 Busses 

Increase in ECUs, Signals and Especially Bandwidth 

~6000 Signals 
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The Need for 100 Mbit/s – Target Markets 
 Automotive networking 

 The dominant driving market for this CFI 
 Increasing bandwidth and interconnecting requirements for in-vehicle 

control systems 
 Starting point of automotive networking is CAN (< 1 Mbit/s) and 

FlexRay (< 10 Mbit/s) on shared medium 
 Large market volume (i. e., port count) 

 This presentation will focus on this segment 

 

A 1 Twisted Pair 100 Mbit/s PHY could be leveraged across other segments including: 

 Industrial networking 
 Re-use of current installed cable infrastructure with increased bandwidth 

 Avionics networking 
 The need for weight savings for the cabling infrastructure is even more dominant than 

in the automotive industry 
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Why 100Mbit/s 1TPCE in Addition to 1000BASE-T1 / RTPGE 

 1TPCE is likely less expensive than 1000BASE-T1 / RTPGE (balanced costs, e. g. 
including µCs, component, power, wiring, etc. ) 

 Optimizing power and cost for each of the provisioned use case  
 Selecting optimized power and cost per vehicle sub-system is relevant 
 Required data rate of applications will determine choice of technology  
 Future proofing per node (relevant to IT Ethernet) is not needed 

 1000BASE-T1 / RTPGE use cases are:  
 ADAS cameras, infotainment video, network backbone and diagnostics  
 GE is needed when a single applications exceed 100 Mbit/s, the next speed up  

 1TPCE use cases for are :  
 Advanced Driver Assistance Systems (Radar Sensors, Inter-ECU connections)  
 Powertrain (Sensors and Inter-ECU connections)  
 Platform ECUs like Engine Control, Anti-lock Breaking Systems (ABS), Electronic 

Stability Program (ESP) (also know as ESC or DSC)  
 Infotainment and connectivity  
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 Flexibility & Scalability 

 Aggregation (Application BW) 

 Control Backbone 

Control Network 
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Use Case: Advanced Driver Assistance Systems 
 4-6 mono cameras (100 Mbit/s, 1 Gbit/s) 
 1-2 stereo cameras (100 Mbit/s, 1 Gbit/s) 
 2-4 mid-range radar (100 Mbit/s) 
 2 long range radar (100 Mbit/s) 
 0- 4 LiDAR (100 Mbit/s) 
 8-16 ultrasonic sensors, 4 wheel speed sensors,   
 Redundant data centers (100 Mbit/s, 1 Gbit/s) 

 Number crunchers for data fusion 
 ABS, ESP, … 
 Some ECUs we cannot tell you details today  

 Interaction with powertrain, body domain, navigation, 
airbag, CAR2CAR, CAR2Infrastructure 

 Does this look familiar to data centers? 

Automated driving is leaving the research labs. 
Soon it will be in mass production.  

Surround vision with redundant sensors  
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Use Case: Typical Gateway Requirements SOP 2018-20 

Number of ports / busses 
  4 - 10  x CAN FD  
   0 - 2  x FlexRay 
  8 - 16  x LIN 
   1  x 100BASE-TX 
   2 - 6  x 1TPCE 
   0 - 2 x 1000BASE-T1  /  RTPGE 

100BASE-TX 

1TPCE 

CAN FD FlexRay 

LIN 

1-2 cores 

100BASE-TX 

1TPCE CAN FD FlexRay 

LIN 

2-4 cores 

1TPCE 

1000BASE-T1 / RTPGE 
 

Number of ports / busses 
  6 - 10  x CAN FD  
   0 - 2  x FlexRay 
  8 - 16  x LIN 
   1  x 100BASE-TX 
  5 - 15  x 1TPCE 
   0 - 4 x 1000BASE-T1 /  RTPGE 

Volume segment cars Premium segment cars 

1000BASE-T1 / RTPGE 

Remark: Automotive gateways work on all 7 OSI-Layers. There is no unified network layer for typical automotive bus-systems. 
Routers in IT work on Layer 3 (Internet Protocol). 
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Advantages of Comprehensive IEEE Eco-System 
 Car manufacturers are already installing a 100 Mbit/s PHY solution existing outside 

IEEE (Unshielded Twisted Single Pair UTSP) 
 1000BASE-T1 / RTPGE leveraged some of the work accomplished with this 

external solution (EMC, automotive environment, wiring, etc. ) 
 Standardization in IEEE means synergies: 

 1 + 1 equals more than 2 
 X-referencing between standards (e.g. PoDL) 
 Coexistence with 1000BASE-T1 / RTPGE 
 One time development of additional features like energy efficiency for multiple 

speed grades 
 
 

 Bring the technology back home to IEEE 802.3  
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IEEE 802 Automotive Ethernet Eco-System 
 IEEE 802.3 for Diagnostics and Flashing 

 S 100BASE-TX 

 IEEE 802.3 for In-vehicle communication 
 T  802.3bp 1000BASE-T1 / RTPGE 
 T  802.3bu PoDL 
 T  802.3br Interspersing Express 
 C 1TPCE 
 C Gigabit over Plastic Optical Fiber (POF) 
 I  10 GE for Automotive 

 IEEE 802.1 Data Link Layer 
 S Audio Video Bridging  

 802.1 BA, 802.1 AS, 802.1 Qat, 802.1 Qav 

 T Time Sensitive Networks 
802.1 CB, 802.1 ASbt, 802.1 Qbv, 802.1 Qbu, 
802.1 Qca, 802.1 Qcc 

I= Idea; C = CFI; T = TaskForce; S = Standard  

Something is missing! 
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Why Now? Why Single Pair? 
 Automotive decision process  

 To capture share of the rising automotive Ethernet market 
standard needs to be available ASAP 

 Decisions in automotive are taken at least 3 years ahead of Start 
Of Production (SOP) 

 We standardize GE for automotive on a single pair with the 
underlying cabling harness infrastructure  
 Less weight 
 Less size 

 Lower cost ECUs with 100 Mbit/s port 
 
 

 
 Recap: cable harness is 3rd heaviest and 3rd most costly component  
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100 Mbit /s TX  

100 Mbit /s RX  

100 Mbit /s RX  

100 Mbit /s TX  

100 Mbps  

PHY 

TX 

RX 

Dual Simplex PHY I/O PHY 

TX 

RX 

MAC MAC 

100 Mbps  

• SerDes, 10BASE-T, 100BASE-TX all operate with unidirectional transmission per wire pair 
 

Full Duplex PHY I/O 
100 Mbit /s TX  

100 Mbit /s RX  

PHY MAC 

100 Mbit /s RX  

100 Mbit /s TX  

MAC PHY 

100 Mbps  

100 Mbps  

• OABR*, 1000BASE-T, 10GBASE-T all operate with bi-directional transmission per 
wire pair 

Full Duplex 
MAC I/O (MII) 

Full Duplex 
MAC I/O (MII) 

Duplicity: MAC View and PHY View 
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• Twisted pair cable channels favor narrow baseband communications strategies 
- Insertion loss increases with frequency 
- Impairments increase with frequency 

• Crosstalk, return loss 
‐ Balance degrades with frequency 

• Emissions, immunity 
 

• Best strategy is to minimize bandwidth 
- Maximizes available channel capacity 
 
 

• Techniques for bandwidth efficient data transmission 
‐ Multi-level signaling 
‐ Equalization 
‐ Full duplex operation (echo cancellation) 

PHY Strategy for TP Cable Channels 
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OABR* 100 Mbit/s Ethernet Physical Layer 

• Bandwidth reduced by over 2x 
• Operates over lower quality cabling 
• Permits aggressive filtering for  
   improved emissions & immunity 

  IEEE Gigabit (1000BASE-T) uses 5 level signaling 
• Full Duplex 
• PAM-5, 125 Msps,  65~80MHz bandwidth 
• Four twisted pairs 
• Partial response transmit filter 
• Additional level for error correction coding 
• Echo and crosstalk cancellation in DSP 
• Decision Feedback Equalization (DFE) • Full Duplex 

• Echo cancellation 

• PAM-3, 66.7Msps,    33.3MHz bandwidth 

• Single twisted pair 

• Decision Feedback Equalization (DFE) 

OABR* Ethernet uses 3 level 
signaling 

  IEEE 100BASE-TX uses 3 level signaling 
• Dual Simplex 
• MLT-3,  125Msps,  65~80MHz bandwidth 
• Two twisted pairs  
• Decision Feedback Equalization (DFE) 

22 
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Technical Viability Summary  

 OPEN Alliance adopted 802.3 framework and was developed 
outside of the IEEE 802.3 

 This development effort proliferated the creation of the complete 
“Eco-System” for one-pair 100Mbit/s Automotive Ethernet 

 UTP cables, connectors, magnetics, test equipment & software 
for the support of one-pair 100Mbit/s solution well beyond the 
PHY definition 

 Leverages parts of IEEE 802.3 100BASE-TX and 1000BASE-T 
standards 

 This is deployed technology in automotive industry today 
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Automotive Market Potential 
Updated forecast from 2012 CFI for RTPGE 
 For RTPGE CFI we forecasted 270 million Ethernet ports by 2019/20 
 We were wrong, sorry! 
 We now assume about 400 million ports 
Some numbers 
 In 2019 the automotive industry will produce 117 million vehicles 
 Up to 35 ports (20 avg.) in premium class vehicles and 20 (8 avg.) in medium class vehicles that have Ethernet 
Ethernet increases creativity for new applications 
 Ethernet provides an infrastructure for automotive innovations 
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How the Use of a Base Technology CAN Evolves 

 CAN (ISO11898) has seen a continuous increase of nodes 
 1 CAN link = 1 PHY, 1 Ethernet link = 2 PHYs 
 Automotive business is compared to consumer electronics a very stable business 
 Once in, it will stay for several vehicle platform generations (typical platform cycle ≈ 7 years) 

420 million 
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Comparison with 400 Million Ethernet LAN Ports 
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Summary 
 Automotive electronic/electric architecture is changing; Ethernet based in-car 

networking facilitates these changes 

 New ADAS like highly automated driving require new high bandwidth real-
time networks 

 Higher integration of ECU to domain based architectures 

 Backbone architectures 

 100 Mbit/s is needed as well as 1 Gbit/s for balanced cost reasons 

 Power consumption  

 Potentially easier to achieve EMC 

 Simplicity, the simpler the technology the less effort it is to implement the 
complete system  

 1TPCE enhances the IEEE automotive Ethernet ecosystem 

 Synergy potential 
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1 Twisted Pair  
100 Mbit/s Ethernet 
PHY 
Q&A  15 min 
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Straw Polls 
60   Number of people in the room 
 
30   Individuals who would attend and contribute to a 
  1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) PHY Study Group 
 
31 Companies that support the formation of a 
  1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) PHY Study Group 
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Straw Polls 
Request that IEEE 802.3 WG form a study group to develop a PAR 
and 5 Criteria for a: 

 
    1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) PHY 
 
 
             People in the Room        Dot 3 Voters Only 

                     Y: 52                        Y: 35 

  N: 0                          N: 0 

  A: 6                          A: 2 
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Backup 
 Automotive Networking and Ethernet 
 Automotive technical challenges  
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Electronic/Electric Architecture Cycles in Automotive 

 CAN dominated E-/E-architectures for the last three decades because of robustness and good flexibility 

 CAN cannot fulfill all needs of future E-/E-architectures: 
 New  Advanced Driver Assistant Systems (ADAS) and multimedia systems demand for more data rate and QoS 

 Need for reduction of complexity leads to domain based, centralized and backbone driven architectures  

Illust rat ion Source: Bundesminsterium für Wirtschaft  und 
Technik: “eCar-IKT-Systemarchitektur für Elekt romobilität ” 
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Example of Current E/E Architecture 

Powertrain Infotainment Body Electronics 

Central 
Gateway 

CAN 
FlexRay CAN MOST 

Chassis & Safety 

CAN 
FlexRay 

DLC 

ECU Domain-ECU Switch 

Properties of typical automotive bus-systems  

CAN  ISO11898 < 1 Mbit/s shared medium 
FlexRay  ISO 17458   < 10 Mbit/s shared medium 
MOST < 150 Mbit/s shared medium 

Ethernet 
Bus-Systems 
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Introduction - Automotive Ethernet in 2015 
CFI 1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) 

Chassis & Safety Powertrain Infotainment Body Electronics 

Central 
Gateway 

CAN 
CAN-FD 
FlexRay 

CAN 
CAN-FD MOST 

CAN 
CAN-FD 
FlexRay 

CAM 

CAM 

CAM 

CAM 

Surround-view camera systems and infotainment  

DLC 

ECU Domain-ECU Switch 
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Automotive Ethernet - 2015…2017 

Chassis & Safety Powertrain Body Electronics 

Central 
Gateway 

CAM 

CAM 

CAM 

CAM 

CAN 
CAN-FD 
FlexRay 

CAN 
CAN-FD 

Driver Assistant 

CAM 

RADAR 

CAN 
CAN-FD 
FlexRay 

Infotainment 
Higher bandwidth requirements for ADAS and Infotainment System 

DLC 

ECU Domain-ECU Switch 

37 



CFI 1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) 

Safety Vehicle Motion Infotainment Body Electronics 

Central 
Gateway 

CAN 
CAN-FD 
FlexRay 

CAN 
CAN-FD 

CAM 

RADAR 

RADAR 

CAM 

CAM 

Driver Assistant 
Ethernet, CAN / CAN-FD and FlexRay connected to one Central Gateway 

DLC 

Hybrid Backbone with Domain-ECUs in ~2018ff 

ECU Domain-ECU Switch 

38 



CFI 1 Twisted Pair 100 Mbit/s Ethernet (1TPCE) 

Domain-ECUs & Ethernet-Backbone 

Safety Vehicle Motion Infotainment Body Electronics 

Central 
Gateway 

Driver Assistant 

CAM 

RADAR 

RADAR 

CAM 

CAM 

DLC 

ECU Domain-ECU Switch 
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Variants of Backbone Architecture 
Daisy chain with 
optional redundant 
path 

Full meshed redundant 
backbone 

Switched architecture Central Gateway inspired 

Backbone can be implemented in different ways 

ECU Domain-ECU Switch 
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Automotive Challenges 
 Harsh Environmental Conditions 

 Operating temperatures: 
 Body & cabin: -40°C to 85°C 
 Chassis & powertrain: -40°C to 125°C or even 150°C 

 Mechanical accelerations: 
 Body & cabin: up to 4 G 

 Dirt, water, salt, dust, ice, snow, mud, oil, grease, transmission fluid, brake fluid, engine coolant, 
hydraulic fluid, fuel, etc. (i.e., this is not a data center) 

 Automotive EMC requirements are stringent! 
 Tighter requirements than Class A/Class B EMI specs for consumer products 
 Automotive EMC test specs exist, e.g., CISPR25 & ISO11452-2 & -4 
 Cost and weight constraints - unshielded twisted pair cabling only 

 Very low standby power requirements 
 Standby power needs << 100 uA 

 

You may want to review the very good tutorials at IEEE802.3bp (Link 1; Link 2; Link 3; Link 4) 

41 

http://grouper.ieee.org/groups/802/3/RTPGE/public/may12/hogenmuller_01_0512.pdf
http://grouper.ieee.org/groups/802/3/RTPGE/public/may12/buntz_01_0512.pdf
http://grouper.ieee.org/groups/802/3/RTPGE/public/july12/hoganmuller_01a_0712.pdf
http://grouper.ieee.org/groups/802/3/RTPGE/public/july12/hoganmuller_02a_0712.pdf
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