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Introduction
According to the V2X WID [1] approved in RAN#73, one of the objectives is to determine the need of a signalling to indicate whether Uu and/or PC5 is allowed for transport of V2V messages within network coverage. In this paper, we will first discuss the necessity of explicit path indication and then present the detailed signalling procedure for the explicit V2V path configuration.  
Discussion
Necessity for available path indication
As agreed in RAN2#94, the following configurations are allowed by eNB for transmission of V2V: 1) Uu only, 2) PC5 only and 3) both Uu and PC5 for V2V transmissions in different carriers. UE’s AS layer informs upper layer of the path configuration. If both Uu and PC5 are configured for V2V transmissions, it is left up to UE upper layers which path is selected. 
However, it is arguable whether explicit signalling should be supported to indicate Uu and/or PC5 is allowed for transport of V2V messages. In this section, we present an example UE V2V message transmission procedure without explicit path configuration signalling and analyze the potential issues.
As we can see from Figure 1, the eNB supports PC5 based V2V transmission on dedicated V2X carrier and broadcasts the V2V PC5 Tx/Rx resource pool configuration through SIB21. Suppose the eNB only allows the PC5 path for transport of V2V messages but no explicit path configuration is indicated to UE, the UE may think that both PC5 path and Uu path are available and its upper layer may select the Uu path for the V2V message transmission. Then the UE initiates the Bearer Resource Allocation Request procedure [2] to request an allocation of bearer resources with specific QCI for V2V message transmission. If accepted by the PGW, this procedure invokes a dedicated EPS bearer context activation procedure. During the dedicated EPS bearer context activation procedure, the MME shall send the E-RAB setup request message to the eNB. Since the Uu path is not allowed for V2V message transmission, it is necessary for the eNB to reject the E-RAB setup request for V2V transmission. However, it is doubtful if the eNB could differentiate whether the ERAB is used for V2V transmission or not. 
As we know, SA2 defined two new QCI values (QCI 75 and QCI 79) for V2X message transmission. It is likely that eNB may identify the E-RAB for V2V message transmission according to the vehicle UE’s authorization IE and the newly defined QCI values. However, based on the latest V2X progress in SA2 [3], QCI 3 can also be used for the unicast delivery of V2X message. QCI 3 was originally designed for real-time gaming traffic. It means that the V2X message and real-time gaming traffic may share the same EPS bearer. When eNB receives the E-RAB setup request with QCI 3, it could not reject it since this dedicated EPS bearer may be also used for real-time gaming.In this case, the eNB fails to prohibit the UE from using the Uu path for V2V message transmission. 


Figure 1 UE V2V message transmission procedure for PC5 only case without explicit path configuration
On the other hand, suppose the eNB could reject the E-RAB setup request for V2V transmission (e.g. for the case of E-RAB setup request for QCI 79), the MME should notify the vehicle UE about the failure of bearer resource allocation. Until now the UE detects that the Uu path is not available, which then reports it to the upper layer and the upper layer re-selects the PC5 path for V2V message transmission. As we can see, the unsuccessful Uu path setup (step 2~13 in Figure 1) introduce extra delay for the V2V message transmission. 
When it comes to the Uu only case, the RRC_Connected UE may also think that both Uu and PC5 path are allowed if no explicit path indication. Suppose UE’s upper layer select the PC5 path for the V2V message transmission, the UE may initiate the V2V sidelink resource request and receives no response from eNB since the eNB only allows the Uu path for V2V message transmission. Then the UE reselects the Uu path for V2V message transmission. Similar to the PC5 only case, the misunderstanding of allowed path leads to extra delay for V2V message transmission. In order to avoid this, it is necessary to support the explicit path indication for PC5 only and Uu only case.
Observation 1: If no explicit path indication for the PC5 only and Uu only case, the UE may misunderstand that both PC5 and Uu path are available and select the path not allowed, which introduces extra delay for V2V message transmission.
Observation 2: It is hard for the eNB to differentiate whether the dedicated EPS bearer is used for V2V transmission or not. Consequently eNB may fail to prohibit the UE from using the Uu path for V2V message transmission if only PC5 path is allowed.
Proposal 1: In order to avoid UE’s misunderstanding of available paths and the corresponding delay and resource misuse, it is necessary to support the explicit path indication of PC5 only and Uu only case. 
Some argued that the access class barring mechanism may be reused to signal whether the Uu path could be used or not. For example, the Application specific Congestion control for Data Communication (ACDC) could be used to limit the Uu traffic for a V2V application [4].  However, ACDC is generally used to prohibit the RRC_IDLE UE to access the network for particular applications. For the RRC_CONNECTED UE, ACDC mechanism does not work. In our V2X scenario, the vehicular UE may be already in RRC_CONNECTED and then initiates the V2X transmission, the ACDC with V2X prohibition can not prevent the vehicular UE from establishing the EPS bearer and transmitting V2V message over Uu path. Based on this analysis, it is suggested that the network could support explicit path indication for PC5 only and Uu only case, which could be applied for both RRC_IDLE and RRC_CONNECTED UE. 
Signalling aspects for the V2V path configuration
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In this section, we present our design considerations of explicit signalling for V2V path configuration. In our opinion, both SIB and dedicated signalling could be designed and they can be applied for different scenarios. The SIB based V2V path configuration could be determined by the eNB’s capability and/or operator’s policy. For the operator networks that support the Uu based V2V transmission only, the eNBs broadcasts the Uu only path configuration. For the operators network only supports the PC5 based V2V transmission on V2X carrier, the eNBs broadcast the PC5 only path configuration. On the other hand, the dedicated signalling could be used for the load balance purpose. Suppose the eNB supports both PC5 and Uu path configuration in SIB and eNB detects the resource overload for one V2V transmission path, eNB may reconfigure other less overloaded V2V transmission path for some vehicle UEs through dedicated signalling. 
Proposal 2: Both SIB and dedicated signalling could be designed for V2V transmission path configuration.


Figure 2 Signalling procedure for the V2V path configuration
For the RRC_IDLE vehicle UE, it depends on the SIB based V2V path configuration. Suppose the SIB indicates the Uu only path, UE firstly setups the RRC connection and then requests the Uu resource from eNB for V2V message transmission. On the other hand, if the SIB indicates both Uu and PC5 path, the application layer of vehicle UE decides which path should be used. Suppose the PC5 path is selected, the vehicle UE may further check if the PC5 based V2V transmission resource is broadcast through SIB, if yes, it may initiate the PC5 based V2V transmission in RRC_IDLE state, otherwise, it has to setup the RRC connection and then request the PC5 based V2V transmission resource from eNB.
For the RRC_CONNECTED vehicle UE, it may also use the SIB based V2V path configuration. As shown in Figure 2, both the PC5 and Uu path are configured through the SIB. Suppose the RRC_CONNECTED vehicle UE selects the Uu path for its V2V message transmission, the vehicle UE requests the UL Uu resource for the V2V message transmission. After a while, suppose the eNB detects the Uu path overload, it could select the vehicle UE that may perform V2V Uu transmission and send the PC5 only path reconfiguration to the vehicle UE. Upon receiving the PC5 only path reconfiguration, if the vehicle UE does has V2V message transmission, it reselects the PC5 path and re-initiates the V2V message transmission through PC5 path. 
Conclusion
In this paper, we first discussed the necessity of explicit path indication and then presented the detailed signalling procedure for the explicit V2V path configuration. And we have the following observations and proposals:
Observation 1: If no explicit path indication for the PC5 only and Uu only case, the UE may misunderstand that both PC5 and Uu path are available and select the path not allowed, which introduces extra delay for V2V message transmission.
Observation 2: It is hard for the eNB to differentiate whether the dedicated EPS bearer with QCI 3 is used for V2V transmission or not. Consequently eNB may fail to prohibit the UE from using the Uu path for V2V message transmission if only PC5 path is allowed.
Proposal 1: In order to avoid UE’s misunderstanding of available paths and the corresponding delay and resource misuse, it is necessary to support the explicit path indication of PC5 only and Uu only case. 
Proposal 2: Both SIB and dedicated signalling could be designed for V2V transmission path configuration.
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