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Introduction
In RAN2#93bis meeting, the path selection between PC5 and Uu for transport of V2V messages was discussed. The following agreements are reached [1]. 
	=>	Transmissions to both PC5 and Uu of the same message is excluded 
=>	If there is a path switching mechanisms we should target a simple solution 


Meanwhile, an email discussion about “Tx PC5 and Uu path switch for V2V” was initiated to identify use cases and key aspects to address. In this contribution, we further discuss the impacting factors for the path selection and analyze the path selection procedure. The signalling aspects for the path selection are also discussed.
Discussion
Impacting factors for path selection 
Generally speaking, different V2V message types have different requirements on latency, transmission range and reliability. And the PC5 and Uu based V2V message transport paths have different characteristics with regard to these requirements. As we can see from Table 1, the latency of PC5 based V2V transport is lower than that of Uu based V2V message transport. However, it is generally regarded that PC5 based transport is less reliable than Uu based transport. When it comes to the transmission range, PC5 based transport is constrained by the transmission power of vehicle UE whereas the transmission range of Uu based transport could cover multiple cells. Therefore, it is necessary to consider the path selection based on the V2V message types. 
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

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


In addition to V2V message type, the vehicle UE’s connection state has impact on the path selection. For example, vehicle UE in RRC_CONNECTED state could utilize both PC5 based and Uu based V2V transport whereas UE in RRC_IDLE state could only utilize the PC5 based V2V transport. When the vehicle UE encounters bad radio condition, RLF, HOF or out of coverage, it could utilize the PC5 based V2V transport.  Moreover, when UE performs the HO, it may switch to the PC5 based V2V transport until it receives the resource allocation for Uu based V2V transmission from the target cell.
Last but not least, the network resource status also impacts the path selection. If only Uu resource is provided, the vehicle UE could only utilize the Uu based V2V transport. If both Uu resource and PC5 resource are provided, the vehicle UE may select between Uu and PC5. In this case, 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 resource efficiency. Similarly, if the Uu based V2V message transmission path is overloaded, the PC5 based V2V transmission path is preferred.
In a word, the impacting factors for the path selection between PC5 and Uu based V2V message transport include the V2V message type, UE’s connection state and the network resource status. All these factors should be taken into account during the path selection. 
Proposal 1: The impacting factors for the path selection between PC5 and Uu based V2V message transport include the V2V message type, UE’s connection state and the network resource status. RAN2 is suggested to take into account all these factors.
Analysis of the path selection procedure
Among the three path selection impacting factors, the V2V message type is usually determined by the vehicle UE’s V2V application layer. The UE’s connection state is detected by the UE’s AS layer. For the network resource status, eNB has the knowledge of available network resource and the load status of Uu resource and mode 1 based PC5 resource whereas the UE’s AS layer may be clear about the load status of mode 2 based PC5 resources through sensing or SA decoding. Therefore, the path selection may be jointly determined by the UE’s application layer, UE’s AS layer and the eNB. 
For example, the eNB may provide assistance information for the vehicle UE’s path selection. For example, the eNB may provide the available PC5/Uu resource for V2X message transmission, RSRP threshod for Uu and PC5 switch, and load status of Uu and PC5 to guide vehicle UE’s path selection. Alternatively, the eNB may directly provide the specific path indication to the vehicle UE or provide suggested distribution of PC5 and Uu so that the vehicle UE may adjust its resource usage between PC5 and Uu.
The AS layer in vehicle UE may detect the connection state, acquire the available resources and the resource load status of Uu and mode1 based PC5 resource from eNB, and detect the load status of mode 2 based PC5 resource. Then the AS layer make a preliminary decision about the path that shall be selected. Then it informs the application layers about the available resources and its preliminary decision of the path for the subsequent V2V message transmission. Upon receiving such info, the UE’s application layer may further decide which path shall be selected based on the V2V message type. As we can see, during the path selection procedure, the UE’s AS and application layer jointly make the path selection decision. The eNB only provide the assistance information to guide UE’s path selection.
Observation 1: Among the three path selection impacting factors, the V2V message type is usually determined by the vehicle UE’s V2V application layer, the UE’s connection state is detected by the UE’s AS layer, and the network resource status is mostly provided by the eNB. 
Proposal 2: It is suggested that the UE’s AS and application layer jointly make the path selection decision. The eNB only provide the assistance information to guide UE’s path selection.
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 3: It is suggested that the vehicle UE receives the V2X message from both Uu and PC5 based path whenever possible.
Signalling aspects for the path selection
Based on the analysis in Section 2.2, the eNB should provide the assistance information to guide the path selection of vehicle UE. Whether the SIB or dedicate signalling should be used to carry the assistance information needs further study. In our opinion, both SIB and dedicated signalling should be used and they can be designed for different application scenarios.
Suppose that the UE in RRC_IDLE state wants to initiate the V2V message transmission, it can only utilize the PC5 based V2V transmission. According to the previous latency evaluation, the Uu based V2V transmission can only be used for UE in RRC_CONNECTED state to meet the stringent latency requirement. Hence, if the eNB supports the PC5 based V2V message transport for UE in RRC_IDLE state, eNB may provide the PC5 transmission resource pool for V2V purpose through SIB. The availability of the PC5 transmission resource pool for V2V through SIB can be regarded as a path indication of whether the PC5 based path is recommended for RRC_IDLE UE. Upon receiving the PC5 resource pool configuration in AS layer, the UE may deliver this information to the application layer to see if the PC5 based V2V message transport could meet the requirements of the V2V message type. If yes, the UE select the PC5 path for its V2V message transmission. Otherwise, the UE may enter RRC_CONNECTED state to obtain Uu resource for its V2V message transmission.
Proposal 4: eNB may provide the assistance information for RRC_IDLE vehicle UE’s path selection through SIB. To be specific, the availability of PC5 transmission resource pool for V2V through SIB can be regarded as a path indication of whether the PC5 based path is recommended for RRC_IDLE UE.
For the RRC_CONNECTED vehicle UE, the PC5 transmission resource pool or dedicated PC5 transmission resource for V2V could only be provided through dedicated signalling. However, the cell specific path selection assistance information, such as whether the Uu based V2V transport is allowed, load status of Uu resource and the mode 1 PC5 resource could be provided through SIB instead of dedicated signalling. It may also happen that the eNB configures the path indication or suggested distribution of PC5 and Uu to a specific vehicle UE through dedicated signalling. In this sense, both SIB and dedicated signalling should be taken into account for the eNB to provide the path selection assistance information. 
Proposal 5: Both SIB and dedicated signalling should be taken into account for the eNB to provide the path selection assistance information.
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In this contribution, we further discussed the impacting factors for the path selection and analyzed the path selection procedure. The signalling aspects for the path selection were also discussed. And we have the following observations and proposals:
Proposal 1: The impacting factors for the path selection between PC5 and Uu based V2V message transport include the V2V message type, UE’s connection state and the network resource status. RAN2 is suggested to take into account all these factors.
Observation 1: Among the three path selection impacting factors, the V2V message type is usually determined by the vehicle UE’s V2V application layer, the UE’s connection state is detected by the UE’s AS layer, and the network resource status is mostly provided by the eNB. 
Proposal 2: It is suggested that the UE’s AS and application layer jointly make the path selection decision. The eNB only provide the assistance information to guide UE’s path selection.
Proposal 3: It is suggested that the vehicle UE receives the V2X message from both Uu and PC5 based path whenever possible.
Proposal 4: eNB may provide the assistance information for RRC_IDLE vehicle UE’s path selection through SIB. To be specific, the availability of PC5 transmission resource pool for V2V through SIB can be regarded as a path indication of whether the PC5 based path is recommended for RRC_IDLE UE.
Proposal 5: Both SIB and dedicated signalling should be taken into account for the eNB to provide the path selection assistance information.
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