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Abstract of the contribution: Analyses the V2X use cases and identifies the impacts to the system architecture.
1.
Discussion

In SA1 TR 22.885, there are 24 use cases documented. However, these use cases are drafted from a service perspective and are not clear on the system/architecture impacts. In addition, some of the use case names are misleading, e.g. Curve Speed Warning (5.16) is talking about V2I, but only applies to RSU broadcasting aspect. It is therefore desirable to have a proper classification of the existing SA1 use cases and analyse their impacts/applicability to system architectures, in order to carry out corresponding SA2 work.    
2. Use case classification and system impact analysis
The use cases in TR 22.885 are classified based on their applicability to the V2V/V2I/V2N/V2P in the following table, and the corresponding impacts to the system architectures are also included.
Some of the use cases, especially those for the V2V applications, are required to be workable also out of the network coverage. Therefore, PC5 communication based mechanisms are necessary. Also, as indicated in clause 6.1 of TR 22.885, the V2X services for the safety applications would need to also support out of coverage operations. In this sense, such applications would require PC5 based communication support. This is also documented in the analysis below. 

	Use case name
	Applicability 
	Out of coverage  operation support required
	Architecture/system impacts

	Forward Collision Warning (5.1)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related 

(Service authorization, transmission and receiving, message size, delay, frequency, etc.)

	Control Loss Warning (5.2)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related 

(Beside above, privacy, event driven transmission/receiving.)

	V2V use case for emergency vehicle warning (5.3)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(same as 5.1)

	V2V Emergency Stop (5.4)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(same as 5.1)

	Cooperative Adaptive Cruise Control (5.5)
	V2V (broadcast & response)
	Yes

- not safety application
	PC5 related

(same as 5.1)

	V2I Emergency Stop (5.6)
	V2I (UE broadcast, and RSU relay)
	No
- specific use case for in-coverage
	PC5 related

(RSU relaying/rebroadcast the message)

	Queue Warning (5.7)
	V2V & V2I (UE broadcast, RSU broadcast, UE to RSU)
	No

- not safety application
	PC5 related; and also possible

LTE-Uu related (RSU and UE)

	Road Safety Service (5.8)
	V2I (UE sends uplink, eNB broadcast downlink)
	No

- specific use case for in-coverage
	LTE-Uu related

(UE sends uplink, eNB broadcast in cell, support both periodic and even driven transmission, speed and frequency support). 

	Automated Parking System (5.9)
	V2I & V2N (UE to RSU, and server deep inside the network)
	No

- not safety application
	PC5 related

(UE with local RSU interaction, LTE-Uu is also used for UE to server)

	Wrong way driving warning (5.10)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(higher vehicle speed support)

	V2V message transfer under MNO control (5.11)
	V2V (broadcast)
	No

- specific use case for in-coverage
	PC5 related

(Network controlled transmission, i.e. mode 1 communication)

	Pre-crash sensing warning (5.12)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(shorter delay, up to 20ms)

	V2X in areas outside network coverage (5.13)
	V2V 

- applicable to all V2V use cases


	Yes

- Safety application
	PC5 related

(out of coverage operation, applicable to all V2V use cases)

	V2X road safety service via infrastructure (5.14)
	V2N (UE interacts server in network)

V2I (RSU broadcast message from server)
	No

- specific use case for in-coverage
	LTE-Uu related

(potential broadcast mechanism required, e.g. eMBMS)

	V2N Traffic flow optimization (5.15)
	V2N (UE interacts with server in network)
	No

- not safety application
	- 

(application layer traffic goes over LTE-Uu, but does not require radio layer enhancement)

	Curve Speed Warning (5.16)
	V2I (broadcast)
	No

- specific use case for in-coverage 
	PC5 related to LTE-Uu related

(this is only about RSU broadcasting aspect)

	Warning to Pedestrian against Pedestrian Collision (5.17)
	V2P (vehicle to P only)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	Vulnerable Road User (VRU) Safety (5.18)
	V2P (broadcast for both P and V)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	V2X by UE type RSU (5.19)
	V2I (RSU broadcast, V2V part is also included in the description but not in requirements)
	Yes

- Safety application
	PC5 related

(Network controlled V2V message transmission, i.e. mode 1)

	V2X minimum QoS (5.20)
	V2V (broadcast)
	No
- specific use case for in-coverage
	PC5 related

(resources management and congestion handling)

	Use case for V2X accessing when roaming (5.21)
	V2I 
	N.A.
	PC5 or LTE-Uu related

	Pedestrian Road Safety via V2P awareness message (5.22)
	V2P (broadcast)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	Mixed use traffic management (5.23)
	V2V/V2I/V2P
	N.A.
	PC5 and LTE-Uu related

(system indicate the configuration to UE)

	Enhancing Positional Precision for traffic participants (5.24) 
	-
	N.A.
	- 

Related to all cases. 


Table 1. V2X use case classification and system impact analysis
Based on the above analysis, it is clear that there is no direct mapping of the use case to the system impacts, and some of the use cases are placing overlapping requirements from a system perspective. Therefore, it is proposed that the above analysis to be documented in the SA2 TR to help further development of the V2X system architecture.
Proposal 1: To document Table 1 in an annex of the TR 23.V2X. 

Also, based on the above analysis, it is clear that the V2V use cases are providing PC5 interface related service requirements. Therefore, it is proposed to document that in the TR as the assumption.
Proposal 2: To document in the architecture assumptions that the PC5 based architecture will be used for V2V and V2P service support.
In addition, for the V2I and V2N services, the LTE-Uu can be also used in the above use cases. It is proposed to document that in the TR as well.

Proposal 3: To document in the architecture assumptions that the both the LTE-Uu architecture and the PC5 architecture should be studied for the V2I and V2N service support.
3.
Proposal

It is proposed to document the following in the TR 23.v2x.  
*************** Start of changes *******************
4
Architectural Assumptions and Requirements 

4.1
Architectural Assumptions
Editor's Note: This clause will define the underlying architectural assumptions for LTE support of V2X services.
ProSe based architecture (PC5 communication) is used for the support of V2V services. 
ProSe based architecture and other LTE-Uu based architecture (e.g. eMBMS) can be used for the support of other V2X services. 
4.2 
Architectural Requirements 

Editor's Note: This clause will define the architectural requirements based on the normative stage-1 requirements defined in TS 22.v2x and TS 22.278.
*************** Next change *******************
Annex X:

The use cases in TR 22.885 are classified based on their applicability to the V2V/V2I/V2N/V2P in the following table, with the corresponding impacts to the system architecture.

	Use case name
	Applicability 
	Out of coverage  operation support required
	Architecture/system impacts

	Forward Collision Warning (5.1)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related 

(Service authorization, transmission and receiving, message size, delay, frequency, etc.)

	Control Loss Warning (5.2)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related 

(Beside above, privacy, event driven transmission/receiving.)

	V2V use case for emergency vehicle warning (5.3)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(same as 5.1)

	V2V Emergency Stop (5.4)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(same as 5.1)

	Cooperative Adaptive Cruise Control (5.5)
	V2V (broadcast & response)
	Yes

- not safety application
	PC5 related

(same as 5.1)

	V2I Emergency Stop (5.6)
	V2I (UE broadcast, and RSU relay)
	No

- specific use case for in-coverage
	PC5 related

(RSU relaying/rebroadcast the message)

	Queue Warning (5.7)
	V2V & V2I (UE broadcast, RSU broadcast, UE to RSU)
	No

- not safety application
	PC5 related; and also possible

LTE-Uu related (RSU and UE)

	Road Safety Service (5.8)
	V2I (UE sends uplink, eNB broadcast downlink)
	No

- specific use case for in-coverage
	LTE-Uu related

(UE sends uplink, eNB broadcast in cell, support both periodic and even driven transmission, speed and frequency support). 

	Automated Parking System (5.9)
	V2I & V2N (UE to RSU, and server deep inside the network)
	No

- not safety application
	PC5 related

(UE with local RSU interaction, LTE-Uu is also used for UE to server)

	Wrong way driving warning (5.10)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(higher vehicle speed support)

	V2V message transfer under MNO control (5.11)
	V2V (broadcast)
	No

- specific use case for in-coverage
	PC5 related

(Network controlled transmission, i.e. mode 1 communication)

	Pre-crash sensing warning (5.12)
	V2V (broadcast)
	Yes

- Safety application
	PC5 related

(shorter delay, up to 20ms)

	V2X in areas outside network coverage (5.13)
	V2V 

- applicable to all V2V use cases


	Yes

- Safety application
	PC5 related

(out of coverage operation, applicable to all V2V use cases)

	V2X road safety service via infrastructure (5.14)
	V2N (UE interacts server in network)

V2I (RSU broadcast message from server)
	No

- specific use case for in-coverage
	LTE-Uu related

(potential broadcast mechanism required, e.g. eMBMS)

	V2N Traffic flow optimization (5.15)
	V2N (UE interacts with server in network)
	No

- not safety application
	- 

(application layer traffic goes over LTE-Uu, but does not require radio layer enhancement)

	Curve Speed Warning (5.16)
	V2I (broadcast)
	No

- specific use case for in-coverage 
	PC5 related to LTE-Uu related

(this is only about RSU broadcasting aspect)

	Warning to Pedestrian against Pedestrian Collision (5.17)
	V2P (vehicle to P only)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	Vulnerable Road User (VRU) Safety (5.18)
	V2P (broadcast for both P and V)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	V2X by UE type RSU (5.19)
	V2I (RSU broadcast, V2V part is also included in the description but not in requirements)
	Yes

- Safety application
	PC5 related

(Network controlled V2V message transmission, i.e. mode 1)

	V2X minimum QoS (5.20)
	V2V (broadcast)
	No

- specific use case for in-coverage
	PC5 related

(resources management and congestion handling)

	Use case for V2X accessing when roaming (5.21)
	V2I 
	N.A.
	PC5 or LTE-Uu related

	Pedestrian Road Safety via V2P awareness message (5.22)
	V2P (broadcast)
	Yes

- Safety application
	PC5 related

(similar to V2V)

	Mixed use traffic management (5.23)
	V2V/V2I/V2P
	N.A.
	PC5 and LTE-Uu related

(system indicate the configuration to UE)

	Enhancing Positional Precision for traffic participants (5.24) 
	-
	N.A.
	- 

Related to all cases. 


Table X.1. V2X use case classification and system impact analysis

*************** End of changes *******************
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