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Abstract of the contribution: This contribution considers the two potential architecture options for V2X and proposes both as the architecture assumption.
1.
Introduction
The PC5 based architecture and LTE-Uu based architecture (e.g. eMBMS) are foreseen to be the architecture options for supporting the V2X service. This contribution tries to analyze the two architecture options for fulfilling the SA1 requirements and various use cases.
2.
Discussion
In this section, the SA1 requirements and use cases are analyzed to deduce the architecture implications for PC5 based architecture and LTE-Uu based architecture (e.g. eMBMS).

2.1
V2X requirements and architecture options

There are 33 consolidated potential requirements for V2X defined in the TR 22.885. The table 1 summarizes the CPRs and analyzes the requirements and whether these requirements can be fulfilled by the PC5 based architecture or LTE-Uu based architecture (e.g. eMBMS).
Table 1. V2X requirements and architecture options
	Consolidated Potential Requirements
	Requirement aspects
	Architecture option

	[CPR-001] The 3GPP network shall provide a means for the MNO to authorize UE supporting V2X Service to perform V2X Service over 3GPP network.
	Service authorization
	LTE-Uu based;
PC5 based

	[CPR-002] The 3GPP network shall provide a means (e.g., pre-authorization) for the MNO to authorize UE supporting V2X Service to perform V2X Service when not served by E-UTRAN.
	Out of coverage operation
	PC5 based

	[CPR-003] The E-UTRA(N) shall be able to support a high density of UEs supporting V2X Service.
	High density
	LTE-Uu based;
PC5 based

	[CPR-004] Both the HPLMN and VPLMN operators shall be able to charge for network resource usage when V2X messages are transferred by a UE supporting V2X Service.
	Charging
	LTE-Uu based;

PC5 based

	[CPR-005] The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds) even when an RSU is involved.
	Communication range
	LTE-Uu based;

PC5 based

	[CPR-006] The V2X message transmission shall be under control of the 3GPP network when the transmitting UE is served by the E-UTRAN.
	Message transmission in coverage under control
	LTE-Uu based;

PC5 based

	[CPR-007] The 3GPP network shall be able to provide means to prioritize V2X message transmission among UEs supporting V2X Service.
	QoS (Priority)
	LTE-Uu based;

PC5 based

	[CPR-008] The 3GPP network shall be able to provide means to prioritize transmission of V2X messages according to their type (e.g. safety vs. non-safety).
	QoS (Priority)
	LTE-Uu based;

PC5 based

	[CPR-009] The 3GPP network shall provide a means to pre-configure UE for the usage of the radio resources associated with the E-UTRA(N).
	Pre-configuration
	PC5 based

	[CPR-010] For UE supporting V2X Service with limited resources (e.g., battery), the impact on the resources (e.g., battery consumption) of V2X message transfer should be minimized.
	Energy saving
	LTE-Uu based;

PC5 based

	[CPR-011] The E-UTRA(N) shall be able to support a maximum frequency of 10 V2X messages per second per V2X entity (e.g., UE and RSU).
	QoS (Frequency)
	LTE-Uu based;

PC5 based

	[CPR-012] A UE supporting V2X Service shall be able to transmit and receive V2X messages from other UEs supporting V2X Service in different PLMNs.
	Inter-PLMN transmission
	LTE-Uu based;

PC5 based

	[CPR-013] The 3GPP system shall be able to support V2X message transfer between UEs whether or not, served by the same PLMN supporting V2X Service.
	Inter-PLMN transmission
	LTE-Uu based;

PC5 based

	[CPR-014] The E-UTRA(N) shall be capable of transferring V2X messages between two UEs supporting V2V/P Service, directly or via an RSU, with a maximum latency of 100ms.
	QoS (Latency)
	LTE-Uu based;

PC5 based (except via a RSU)

	[CPR-015] For particular usage (i.e., pre-crash sensing) only, the E-UTRA(N) should be capable of transferring V2X messages between two UEs supporting V2V Service with a maximum latency of 20ms.
	QoS (Latency)
	LTE-Uu based;

PC5 based

	[CPR-016] The E-UTRA(N) shall be capable of transferring V2X messages between a UE supporting V2I Service and an RSU with a maximum latency of 100ms.
	QoS (Latency)
	LTE-Uu based;

PC5 based

	[CPR-017] The E-UTRAN shall be capable of transferring V2X messages via 3GPP network entities between a UE and an application server both supporting V2N Service with an end-to-end delay no longer than 1000 ms.
	V2N service
	LTE-Uu based

	[CPR-018] The 3GPP network should make available any supported positional accuracy improvement techniques (e.g., DGPS and/or OTDOA) in a resource efficient way to a subscribed UE supporting V2X Service.
	Positioning
	LTE-Uu based;

PC5 based

	[CPR-019] The E-UTRA(N) shall be capable of transferring periodic broadcast messages between two UEs supporting V2X Services with variable message payloads of 50-300 bytes, not including security-related message component.
	Message size
	LTE-Uu based;

PC5 based

	[CPR-020] The E-UTRA(N) shall be capable of transferring event-triggered messages between two UEs supporting V2X Services with variable message payloads which can be up to 1200 bytes, not including security-related message component.
	Message size
	LTE-Uu based;

PC5 based

	[CPR-021] A UE supporting V2X Service shall be able to transmit and receive V2X messages when not served by E-UTRAN.
	Out of coverage operation
	PC5 based

	[CPR-022] A UE using V2I application shall be able to receive a V2X message from an RSU, even when the RSU implemented as a UE is out of coverage or when the RSU implemented as an eNB is operating as an isolated eNB.
	Out of coverage or isolated eNB
	LTE-Uu based;

PC5 based

	[CPR-023] A UE supporting V2X Service shall be able to transmit V2X messages, in a periodic or even-triggered manner, if requested by V2X Service layer.
	Transmission manner
	LTE-Uu based;

PC5 based

	[CPR-024] An RSU shall be able to transmit V2X messages to a UE supporting V2X Service, if requested by the V2X Service layer.
	RSU
	LTE-Uu based;

PC5 based

	[CPR-025] An RSU shall be able to deliver V2X messages to an application server and/or to other RSUs, if requested by the V2X Service layer.
	RSU
	LTE-Uu based;

PC5 based

	[CPR-026] The 3GPP system shall be able to vary the transmission rate and coverage area based on service conditions (e.g., UE speed, UE density).
	Adaptive transmission
	LTE-Uu based;

PC5 based

	[CPR-027] The E-UTRA(N) shall be able to support high reliability without requiring application-layer message retransmissions.
	QoS (Reliability)
	LTE-Uu based;

PC5 based

	[CPR-028] The 3GPP system shall support the anonymity of UE supporting V2X Service and the integrity protection of the transmission.
	Security
	LTE-Uu based;

PC5 based

	[CPR-029] 3GPP system should be able to support driver and vehicle privacy, by ensuring that a vehicle cannot be tracked or identified by any other vehicle beyond a certain short time-period required by the application.
	Security
	LTE-Uu based;

PC5 based

	[CPR-030] The E-UTRAN shall be capable of transferring V2X messages between UEs supporting V2V Service with a maximum relative velocity of 280 km/h.
	Speed
	LTE-Uu based;

PC5 based

	[CPR-031] The E-UTRAN shall be capable of transferring V2X messages between UE supporting V2V and/or V2P Service and between UEs and RSU supporting V2V and/or V2I Service with a maximum absolute velocity of 160 km/h.
	Speed
	LTE-Uu based;

PC5 based

	[CPR-032] The 3GPP network shall provide a means for the MNO to authorize UE supporting V2X Service separately to perform V2N Service.
	V2N service
	LTE-Uu based



	[CPR-033] The 3GPP system shall be able to distribute information in a resource efficient way to large numbers of UEs.
	Large number of UEs
	LTE-Uu based;

PC5 based


From the analysis of the Table 1, we can see that most of the requirements can be fulfilled by both the LTE-Uu based architecture (e.g. eMBMS) and the PC5 based architecture.
Observation 1: Most of the V2X requirements can be fulfilled by both the LTE-Uu based architecture (e.g. eMBMS) and the PC5 based architecture.

However, there are still some special requirements which can only be supported by the LTE-Uu based architecture or the PC5 based architecture. In the following section 2.2, these special requirements are further analyzed.

2.2
Special requirements and architecture option 
2.2.1
Out of coverage support
The requirements on the “out of coverage support” are defined in the TR 22.885 as followings:

[CPR-002] The 3GPP network shall provide a means (e.g., pre-authorization) for the MNO to authorize UE supporting V2X Service to perform V2X Service when not served by E-UTRAN.
[CPR-021] A UE supporting V2X Service shall be able to transmit and receive V2X messages when not served by E-UTRAN.
[CPR-022] A UE using V2I application shall be able to receive a V2X message from an RSU, even when the RSU implemented as a UE is out of coverage or when the RSU implemented as an eNB is operating as an isolated eNB.
In the Rel-12 ProSe and Rel-13 eProSe, the PC5 Direct Communication is supported for out of coverage scenario and the radio resource usage mechanism can be reused or enhanced to support V2X service.
Observation 2: PC5 based architecture can support V2X service for out of coverage.

2.2.2
Support of V2N service

The [CPR-017] is related the V2N service and can only be supported by the LTE-Uu based architecture as the V2X message traversing the 3GPP network.

[CPR-017] The E-UTRAN shall be capable of transferring V2X messages via 3GPP network entities between a UE and an application server both supporting V2N Service with an end-to-end delay no longer than 1000 ms.
Observation 2: V2N service can only be supported by LTE-Uu based architecture.

2.2.3
V2X message transmission
Although the V2X message transmission can be supported by both the LTE-Uu based architecture and the PC5 based architecture, if we looked into the use cases described in the TR 22.885, we can see these two options may be suitable for different scenarios.
The “V2N Traffic Flow Optimisation” use case (section 5.15 of TR 22.885) considers enabling “virtual traffic lights” for an intersection without traffic lights, and delivers the traffic control information to vehicles for the purpose of traffic optimization via I2V communications. To enable this information reaching the vehicles approaching traffic lights well in advance, the required communication range is beyond ProSe range in most cases. In particular, as the use case description pointed out 

“Compared to V2V communication within ProSe range the delay and latency requirements are more relaxed due to the longer distances and the non-safety related nature of this use case.”
To support the V2X message transmission over a long distance in this use case, the LTE-Uu based architecture can be used since the coverage of eNB is larger than the ProSe communication range. On the other hand, the UE-to-UE relay is out of scope according to the RAN V2X SID, this use case can not be supported by the PC5 based architecture.
Observation 3: Long distance V2X message transmission can only be supported by LTE-Uu based architecture.
From the above analysis and observations, it is proposed both LTE-Uu based architecture and PC5 based architecture should be studied.

Proposal: Both LTE-Uu based architecture (e.g. eMBMS) and PC5 based architecture are used for supporting V2X services.
2.
Proposal
It is proposed to the following proposal into TR 23.785.
************************************************Start of Change*********************************************************
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.
Both LTE-Uu based architecture (e.g. eMBMS) and PC5 based architecture are used for supporting V2X services.
************************************************End of Change*********************************************************
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