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1 Introduction
As one objective in the V2X SI stage, V2I/V2N/V2P transport based on PC5 should be studied by RAN2 [1]:
	3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].


Accordingly, this contribution discusses the potential issues regarding PC5-based V2I, V2N and V2P, and further tries to identify some necessary enhancements from a high layer perspective.  
2 V2I based on PC5
2.1 RSU related to PC5-based V2I
V2I communication involves vehicle UEs and roadside units (RSUs). According to TR 22.885 [2], the RSU and V2I service are respectively defined, and RSU definition has been further updated in SA1#73 [5] as follows.
	Road Side Unit: A stationary infrastructure entity supporting V2X applications that can exchange messages with other entities supporting V2X applications. 
Note: RSU is a term frequently used in existing ITS specifications, and the reason for introducing the term in the 3GPP specifications is to make the documents easier to read for the ITS industry. RSU is a logical entity that combines V2X application logic with the functionality of an eNB (referred to as eNB-type RSU) or UE (referred to as UE-type RSU). 
V2I Service: A type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application.


However, SA2 has further studied the role of RSU in V2I/N, and an assumption has been agreed as follows [3]:
	· Within the context of this study, RSU is viewed as a V2X application receiving V2X messages via SGi or PC5 interface. Any other aspect is still FFS, including any special requirements for the transport aspect of V2X message from V2X application, if any. -


According to the assumption from SA2, the RSU can be seen as encompassing a V2I application transmitting/receiving V2I message via PC5 interface, which is illustrated in Fig.1. The peer of the RSU is the V2I application in the vehicle UE. As such, RAN2 should focus on the AS layers of PC5-based V2I transport. At this point it is not clear whether an RSU UE needs to support any functionalities not currently supported for PC5-based V2I transport. 
Proposal 1: For PC5-based V2I study, the RSU UE can be viewed as a UE supporting the RSU V2I application, and enabling transport of V2I messages to vehicle UEs using the PC5 interface.
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Figure 1: PC5-based V2I and UE-type RSU
Another aspect which needs to be considered is whether PC5-based V2I transport is IP based. Since the PC5-based V2I transport would be terminated respectively at the V2I application of RSU UEs and vehicle UEs via PC5 direct link, an IP protocol layer which is basically used for IP routing may not be necessary for PC5-based V2I.  Additionally, the IP header is typically tens of Bytes, which is a relative large overhead compared to the typical V2X messages size (190 or 300 bytes). Therefore, it is proposed not to consider IP protocol for PC5-based V2I transport.
Proposal 2: Assume that PC5-based V2I is IP-less transport. 

2.2 SA1 Requirements for V2I
In TR 22.885 [2], there are 7 use cases identified for V2I services as shown below [2].
	Use case
	Packet size (Bytes)
	Frequency
	Delay

(ms)
	Speed

(kmh)
	Mode
	Others

	5.6 Emergency stop warning
	50-400
	10Hz
	100
	160
	V->I  unicast/broadcast
I->V broadcast
	

	5.7Queue warning
	50-1200
	N/A
	100
	160
	I->V broadcast

V->I broadcast
	

	5.8 Road safety services
	50-1200
	10Hz
	100
	160
	I->V broadcast

V->I  unicast/broadcast
	- A UE that supports V2I Service shall be able to recognize whether a cell supports message transfer as needed for V2I Services.
- Event-triggered

- Authorization for the use of V2I service

	5.9 Automated Parking System
	50-400
	N/A
	100
	160
	I->V unicast

V->I unicast
	

	5.14 V2X Road safety service via infrastructure
	N/A
	N/A
	N/A
	160
	I->V broadcast


	- The system shall be able to provide the traffic safety server and the RSU with means to dynamically control the area where V2X messages are distributed and transmitted depending on the type and contents of the V2X messages.

	5.16 Curve Speed Warning
	50-400
	1Hz
	1000
	160
	I->V broadcast
	-A UE supporting V2I Service shall be able to receive a periodic broadcast 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.

	5.23 Mixed Use Traffic Management
	N/A
	N/A
	N/A
	N/A
	I->V broadcast
	- The 3GPP system shall be able to vary the transmission rate and coverage area based on service conditions (e.g., rate of UE speed, weather, UE density).



As shown in the latest TR 36.885 [4], PC5-based V2I has also been captured in the Scenario 1 as PC5-based V2V. Therefore, PC5-based V2I to a large extent can be performed in the similar manner as PC5-based V2V ; and thus the enchantments for PC5-based V2V being studied in the WI can be reused for PC5-based V2I as well.
However, as a difference between V2I and V2V, V2I messages may need to be delivered between vehicle UEs and RSU UEs via unicast as well as broadcast, while all V2V transmission is based on broadcast. 
Observation 1: V2I messages may need to be delivered between vehicle UEs and RSU UEs via unicast and/or broadcast links on PC5.

3 V2N 
According to SA1, V2N is presently defined as follows [2]
	V2N Service: A type of V2X Service, where one party is a UE and the other party is a serving entity, both using V2N applications and communicating with each other via LTE network entities.


In accordance with the above definition, V2N communication, whose two parties are respectively a vehicle UE and an application server located inside the network, should be supported via LTE networks entities. Therefore, the vehicle UE needs to be in coverage to communicate with the V2N application server.
According to [2], the end-to-end latency requirement for V2N transmission is 1000 ms, which can be met by existing Uu.
	[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.


Therefore, V2N transmission can be based on Uu only, and PC5 does not need to be enhanced for V2N.
Proposal 3:  V2N transmission can be based on Uu only, and PC5 does not need to be enhanced for V2N. 
4 V2P based on PC5

4.1 Requirements and Enhancements for V2P
V2P is defined in [2] as follows: 
	V2P Service: A type of V2X Service, where both parties of the communication are UEs using V2P application.


Typically, one party of V2P is a vehicle UE and the other party is a UE held by a pedestrian. As both parties are UEs, V2P and V2V have many similarities, e.g. traffic characteristics, requirements, etc.
In contrast to V2V, one aspect that may need to be particularly noted for V2P is the power consumption for the UE held by “P”.  This aspect is relevant to the potential requirements for V2P use cases, such as “Warning to Pedestrian against Pedestrian Collision” and “Pedestrian Road Safety via V2P awareness messages”, as shown below [2].
	[PR 5.17.5-013] 
For UE supporting V2X Service for pedestrian, the impact of V2X message transmission on battery consumption should be minimized.
[PR.5.22.5-004] The power consumption of a UE supporting V2P Services (i.e. used by pedestrian) only shall be minimized.


Rel-12/13 D2D communication has been specified for public safety, so the power consumption was not a critical issue for public safety UEs. By contrast, V2P can be seen as a commercial use case, for which enhancements for power consumption should be considered.
Proposal 4:  As for PC5-based V2P, potential enchantments to minimize the power consumption of pedestrian’s UE should be considered. 

5 Conclusion
In this contribution, V2I/V2N/V2P transports based on PC5 are respectively discussed from RAN2 perspective. Some proposals are proposed as follows. 

Proposal 1: For PC5-based V2I study, the RSU UE can be viewed as a UE supporting the RSU V2I application, and enabling transport of V2I messages to vehicle UEs using the PC5 interface.

Proposal 2: Assume that PC5-based V2I is IP-less transport. 

Observation 1: V2I messages may need to be delivered between vehicle UEs and RSU UEs via unicast and/or broadcast links on PC5.

Proposal 3:  V2N transmission can be based on Uu only, and PC5 does not need to be enhanced for V2N. 

Proposal 4:  As for PC5-based V2P, potential enchantments to minimize the power consumption of pedestrian’s UE should be considered. 
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