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Dual-modem/dual-SIM solution (CS5)
- Overall concept

When the vehicle shuttle through very low coverage areas because of sparse 
populations at the border

Areas of low or no coverage may appear close to the border threatening the CAM 
application continuity
A change of MNO in a roaming situation causes continuity issues or suboptimal latencies 
between each MEC domain

When the vehicle arrives at the specified location, the network switches from one 
MNO to another

At specific location: Perform a handover to 
another MNO as outcome of a decision making
component of a network redundancy function that 
exploits MEC service
A considered solution (CS5) in the CN TS
to utilize multiple MNOs has been developed 
based on dual-modem/dual-SIM

5G low
coverage 

US#2.3: 5G low coverage in test route
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Dual-modem/dual-SIM solution
Support conditions

2 5G PLMNs for testing the solution
Virtual border at 5G coverage hole to simulate cross-
border scenario
Each modem has its own MQTT application client 
associated using the respective mobile network
When pre-set location X is reached by the vehicle 
the application establishes a new session via other 
modem’s MQTT client.

Utilized Hardware
1 x On-Board Unit integrated with 5G Modem by China 
Mobile  SIM (MH5000‐871)
1 x 5G Modem with China Unicom  SIM (SIM8200EA-M2)
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Outline of Measurements and Results
Scenario-agnostic tests of 5G networks at CN trial site

Scenario-specific Testing

Selected KPIs

Data rate, User plane latency (E2E Delay), RTT, Throughput

User case category Network flows under test Involved entities

US#1.4 Cloud-Assisted 
Advanced Driving

Basic Safety Messages (BSMs)
vehicle  MEC
vehicle  RSU

Strategy messages RSU vehicle

US#4.3 Remote Driving 
with data ownership focus

Basic Safety Messages (BSMs) vehicle MEC

Command ROC  vehicle

US#2.3 Cloud-assisted 
Platooning

Platooning Control Messages (PCM) platoon leader  follower

Basic Safety Messages (BSMs) vehicle MEC
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Agnostic Test Case: CM MEC to UE
DL&UL throughout between dedicated MEC @ China Mobile (CM) and OBU in vehicle via 5G Uu

Measured DL&UP throughout characterizes the supporting ability of transmission workload for V2X 
messages between MEC and UE 
E.g., due to MEC Broker applications hosted on each MEC infrastructure, store V2X application data and distribute massage 
relevant for the users of the other MEC and UE node.

• The user data of BSM messages send from UE will be stored by connected server in order to the traceability of data ownership
• The ROC command is sent via 5G Uu TCP

Test Results 

Avg. DL Throughput (Mbps) 73.76

Min. DL Throughput (Mbps) 0.00

Max. DL Throughput (Mbps) 92.30

10th  percentile DL Throughput (Mbps) 56.05

90th percentile DL Throughput (Mbps) 86.14

Test Results 

Avg. DL Throughput (Mbps) 10.86

Min. DL Throughput (Mbps) 5.14

Max. DL Throughput (Mbps) 21.86

10th  percentile DL Throughput (Mbps) 8.22

90th percentile DL Throughput (Mbps) 27.20
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Agnostic Test Case: CM MEC to UE
RTT between dedicated MEC @ China Mobile (CM) and OBU in vehicle via 5G Uu

Measured RTT characterizes the induced delay caused by the communication between MEC and UE 
E.g., due to MEC Broker applications hosted on each MEC infrastructure,  V2X messages  data relevant for the users of the other 
MEC node

• BSM messages, including speed, steering, braking, double flashing, position, etc., are mostly used in V2V scenes, namely 
lane change warning, blind zone warning, intersection collision
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Specific Test Cases: Remote Driving (RdDo) trials

2 Network Flows

TFT4.4.1-Basic Safety messages (BSMs) 
vehicle MEC

GNSS, odometer, etc.

TFT4.4.2-Command
ROC  vehicle

vehicle control command (accelerate, 
brake, steering)

3 Different Configurations

Single SIM CM
Both flows via Uu TCP

Single SIM CU
Both flows via Uu TCP

Aggregation
Both flows via Uu TCP
OBU simultaneously utilizes 
multiple connections
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TFT4.4.1-BSM：KPI-1.1 User data rate

In the BSM flow over Uu, results of data rate in the link aggregation mode are more concentrated than those in the single link mode. 
The average data rate of the user plane in the link aggregation mode is higher than that in the single link mode.
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KPI 1.1 User Experience data rate (Mbps)

Test Case ID CN-3.1 CN-3.2 CN-3.3

Mean 9.66 10.05 10.42

TFT4.4.1-BSM
10ms/per message

TCP

vehicle MEC, UP



TFT4.4.1-BSM：KPI-1.3 E2E latency 
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KPI 1.3 End-to-end latency (ms)

Test Case ID CN-3.1 CN-3.2 CN-3.3

Mean 125 45.24 33.65

TFT4.4.1-BSM
10ms/per message

TCP

vehicle MEC, UP

In the BSM flow over Uu, compared with the other two single-link modes, the link aggregation mode has smaller delay jitter, and its 
average delay is also better.
.



TFT4.4.2-Command：KPI-1.1 User data rate
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KPI 1.1 User Experience data rate (Mbps)

Test Case ID CN-3.1 CN-3.2 CN-3.3

Mean 13.31 12.90 14.43
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In the Command flow over Uu, the data rate of the downlink command stream has a large fluctuation range. The average data rate of the 
user plane in the link aggregation mode is higher than that in the single link mode.

TFT4.4.2-Command
TCP

ROC  vehicle, DL



Conclusions from ReDo Results

Remote driving results have been obtained in CN TS’s closed deployment of V2X 
applications, MEC broker applications, etc.

Highly dynamic/variable conditions while conducting driving trials in the public network

Especially when a single-SIM card over China Mobile used in the measurement of uplink E2E 
latency

Link Aggregation provides the best performance compared to single-SIM trials 

Aggregation mode supports the synchronization of back video and operation instructions as much 
as possible, improve the accuracy of control, and avoid misoperation or accidents

Future hybrid V2X applications will benefit from integration of 5G SA networks

Compared with the 5G NSA architecture, the 5G SA architecture has shorter air interface latency 
and larger uplink bandwidth, which can better meet the network requirements for remote driving.

With the subsequent deployment and application of edge computing MEC, the delay can be 
further shortened.
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Dedicated 5G SA benefits for CAM 
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• China trial site remote driving trials have noted the 
benefits of deployment of the dedicated 5G SA 
network for CAM application as ensuring the 
security and ownership traceability of data.

• Meanwhile, the dedicated network is autonomous 
and controllable. The end-to-end components 
were self-established and completely isolated from 
the public network. The performance for dedicated 
network will not be affected by network 
congestion that occurs in public networks.



Dual-modem / Dual-SIM as considered solution 
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• China trial site utilized a dual-modem / dual-SIM 
solution to simulate and solve the problem of 
conversational service continuity in the cross-
border scenario. 

• The dual communication module solution 
provides two connections at the same time, 
which provides link redundancy for operators 
during the switching process, reduces service 
interruption time, and improves the service 
continuity of CAM application.
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