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Introduction
In RAN#70 meeting, a new WI named “Support for V2V services based on LTE sidelink” was agreed [1]. One of the objectives with RAN2 involvement is the path selection for transport of V2V messages listed as follows:
	1) To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
Note that this mechanism should be applicable to potential enhancement to Uu for V2V services, e.g., the outcome of the Uu-based V2V part in TR 36.885. Note that Uu performance enhancentment for V2V is not the scope of this WI.


In this contribution, we will first introduce the paths available for the V2V message transport and make a comparison of these two paths. Then we will present the design considerations for the path selection. The possible network assistances for the path selection are also discussed. 
Discussion
Analysis of the PC5 and Uu based V2V transport 
According to TR 36.885 [2], the transport of V2V message may be based on PC5 or Uu. For the PC5 based V2V operation, the UE transmits V2V message to multiple UEs at a local area in sidelink, as shown in Figure 1(a). For the Uu based V2V operation, the UE transmits V2V message to E-UTRAN in uplink, as shown in Figure 1(b). And E-UTRAN transmits it to multiple UEs at a local area in downlink. Broadcast mechanism may be used by E-UTRAN for downlink. 


                                  
(a) PC5 based V2V operation                                                (b) Uu based V2V operation
Figure 1 Scenarios for V2V operation
The comparison of PC5 and Uu based V2V message transport is presented in Table 1. As we can see, the latency of PC5 based V2V transport is lower than that of Uu based V2V message transport, due to the only one hop path for PC5. However, it is generally regarded that PC5 based transport is less reliable than Uu based transport. When it comes to the broadcast area, the broadcast area of PC5 based transport is constrained by the transmission power of vehicle UE whereas the broadcast area of Uu based transport is usually larger than that of PC5 based V2V transport and could be adjusted based on the transmission range requirements of vehicle UE and or V2V applications. Finally, the PC5 and Uu based V2V message transport have different available scopes. For example, the Uu based V2V transport requires the vehicle UE in RRC_CONNECTED state while the PC5 based V2V transport could be used by vehicle UE not only in RRC_CONNECTED state but also in RRC_IDLE state, RLF, and out of coverage. 
Table 1 Comparison of PC5 and Uu based for V2V message transport
	Items
	PC5 based V2V
	Uu based V2V

	Latency
	Low
	High

	Reliability 
	Low
	High

	Broadcast area
	Small, confined to the transmission power of vehicle UE
	Large, flexibly adapted to various area requirements

	Application scope
	Tx: RRC_CONNECTED (Mode 1 and Mode 2); RRC_IDLE, RLF and out of coverage (Mode 2), etc.
Rx: RRC_IDLE, RRC_CONNECTED, RLF and out of coverage (Mode 1 and Mode 2).
	Tx: RRC_CONNECTED 
Rx: RRC_IDLE and RRC_CONNECTED


Observation 1: PC5 and Uu based V2V message transport are different in terms of latency, reliability, broadcast area and availability.
Design considerations for path selection
As we can see, the PC5 and Uu based V2V message transport have different characteristics, and these characteristics should be taken into account during the path selection. In this section, we will discuss the design considerations for V2V message transmission and reception path selection respectively. 
Generally speaking, the factors that impact the V2X message transport path selection decision are listed as follows:
· Latency requirement: vehicle UE may choose the PC5 based V2V message transmission path if the latency requirement is stringent, otherwise, the Uu based path could be selected. Moreover, the latency of Uu based path may be divided into two cases: Uu path with local breakout and Uu path without local breakout. 
· Targeted transmission range: As mentioned before, the Uu based V2V transmission path usually support larger transmission range than PC5 based V2V transmission path.  Suppose a larger broadcast area is expected for a V2V message, Uu based V2V transmission path is advantageous over the PC5 based V2V transmission path.
· Reliability: If the V2V message requires high reliability, the Uu based V2V transmission path is preferred. 
· Coverage state/Uu link quality: When vehicle UE encounters poor Uu link quality, RLF or even out of coverage, only PC5 based V2V transmission path could be used.  
· Network load status: If the PC5 based V2V message transmission path is overloaded, the Uu based V2V transmission path is preferred for the subsequent V2V message transmission from the perspective of load balance Similarly, if the Uu based V2V message transmission path is overloaded, the PC5 based V2V transmission path is preferred for the subsequent V2X message path selection.
Proposal 1: The latency, targeted transmission range, reliability, coverage state and the network load status should be considered for the V2X message transport path selection.
As we know, the V2V applications have different requirements on latency, transmission range and reliability. When the vehicle UE is served by a cell that supports both PC5 and Uu based V2V message transport, the V2V applications within the vehicle UE may have default settings on the preferred transmission path for V2V message. On the other hand, the coverage state and network’s load status also impacts the vehicle UE’s path selection. The AS layer in vehicle UE may detect the available resources, the radio conditions and the network’s load status and make a preliminary decision about the path that shall be selected. Then it informs the upper layers about the available resources and its preliminary decision of the path for the subsequent V2V message transmission. Upon receiving such info, the upper layer may further decide which path shall be selected based on the V2V application requirements. As we can see, the AS and upper layer jointly make the path selection decision. 
Proposal 2: Both the AS layer and upper layer of UE jointly make the path selection decision.
During this procedure, the network may provide assistance information for the vehicle UE’s path selection. For example, the network may provide the available PC5/Uu resource for V2X message transmission and load status of Uu and PC5 to the vehicle UE to guide its path selection. Alternatively, the network may directly provide the path indication to the vehicle UE or provide suggested load ratio of PC5 and Uu so that the vehicle UE may adjust its resource usage of PC5 and Uu during the path selection. 
Proposal 3: It is suggested that network provide assistance information for the vehicle UE’s path selection
As a matter of fact, some companies suggested that the vehicle UE may send the same V2V message both through PC5 and Uu based transport path. However, according to the capacity analysis in last RAN2 meeting, the DL cellular resource are usually congested to support the V2X broadcast traffic from multiple cells, especially when the vehicles move in low speed or in high density. PC5 based V2V message transmission is therefore regarded as a good way to offload the V2X traffic. That is, when the eNB’s is running out of DL or UL cellular resource, the UE may select the PC5 based V2V message transmission. From the perspective of resource efficiency, it is recommended that the UE select either PC5 or Uu path for V2X message transport instead of both of the paths unless extremely high reliability is required for a given V2V message. 
Proposal 4: From the perspective of resource efficiency, it is recommended that the UE select either PC5 or Uu path for V2X message transport instead of both of the paths unless extremely high reliability is required for a given V2V message.
On the other hand, for the V2V message reception, it is recommended that the vehicle UE receive the V2V message from both PC5 and Uu link so as not to miss any V2V messages that may be relevant to itself. That is, the path selection does not need to be considered for the V2V message reception. Whenever possible, the vehicle UE receives the V2X message on both paths. 
Proposal 5: It is suggested that the vehicle UE receives the V2X message from both Uu and PC5 based path whenever possible.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this contribution, we first introduced the paths available for the V2V message transport and made a comparison of these two paths. Then we presented the design considerations for the path selection. The possible network assistances for the path selection were also discussed. And we have the following observations and proposals:
Observation 1: PC5 and Uu based V2V message transport are different in terms of latency, reliability, broadcast area and availability.
Proposal 1: The latency, targeted transmission range, reliability, coverage state and the network load status should be considered for the V2X message transport path selection.
Proposal 2: Both the AS layer and upper layer of UE jointly make the path selection decision.
Proposal 3: It is suggested that network provide assistance information for the vehicle UE’s path selection
Proposal 4: From the perspective of resource efficiency, it is recommended that the UE select either PC5 or Uu path for V2X message transport instead of both of the paths unless extremely high reliability is required for a given V2V message.
Proposal 5: It is suggested that the vehicle UE receives the V2X message from both Uu and PC5 based path whenever possible. 
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