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1 Introduction
The LTE-based V2X WID was approved in RAN #72 meeting [1] and one of the objects is to specify solutions for supporting inter-PLMN which may also involve multiple carrier operation:
	a) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]


This contribution will focus on the potential issues for multi-carrier and multi-PLMN operations for PC5-based V2X, and provide associated solutions as well.
2 Discussion
2.1 Multi-Carrier/Multi-PLMN Reception
Considering that V2X services are related to road safety, an Rx UE should be able to receive all V2X messages transmitted by the Tx UEs in proximity. However, the adjacent Tx UEs may use different sidelink carriers for V2X services in an actual deployment scenario. In addition, different operators may be allocated with different carriers (as captured by Aspect 4C of Scenario 1 in TR 36.885 as follows), so that UEs subscribed to different PLMNs are likely to transmit V2X messages over different sidelink carriers.
	· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 

· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.


Thus, it is necessary for a UE to support the reception of PC5-based V2X across multiple carriers, even though some of these carriers may belong to other PLMNs.

Proposal 1: For the multi-carrier/multi-PLMN operations, the UE should be able to receive PC5-based V2X messages across multiple carriers some of which may belong to other PLMNs. 
As the sidelink carrier(s) for reception may be different than the serving carrier that the UE is camping on, the serving carrier should be able to provide the cross-carrier configuration for monitoring V2X communications on the concerned sidelink carrier(s). We think that a D2D-like mechanism could be extended to the V2X, i.e., the serving cell could provide a frequency list in the SIB   for the purpose  of reception of PC5-based V2X. 
Proposal 2: The serving cell should be able to provide a frequency list which may also include the carrier(s) of other PLMNs for UEs’ reception purpose of V2X services.
In addition, the serving cell may also provide the associated Rx resource pool configuration at the carrier level or cell level for each frequency to the receivers. However, it may be difficult for the eNB to acquire the V2X Rx pool configuration for a carrier allocated to another operator, as the X2 interface cannot be always assumed available. From our point of view, therefore, a UE may be allowed to search Rx pool configurations on the carriers belonging to other PLMNs and report them to the serving eNB, which is similar to system information reporting specified in Rel-13 D2D.

Proposal 3: The serving cell may also provide the associated Rx resource pool configuration for each frequency in the list, either at the carrier level or at the cell level.

Proposal 4: For inter-PLMN Rx pool configuration, a UE may be allowed to search the Rx pool configurations on the carriers belonging to other PLMNs and report them to its serving eNB, so as to enable the serving eNB to provide the Rx pool configurations of other PLMNs. 
2.2 Multi-Carrier/Multi-PLMN Transmission
Multi-carrier/multi-PLMN transmission should be considered for PC5-based V2X as well. From the UE’s perspective, there seems to be no capacity problem for a UE to transmit V2X messages on one carrier. However, from the network’s perspective, the capacity for one carrier could be insufficient if there are too many vehicles transmitting on the same carrier. As a possible solution, the Tx UE could be configured to transmit V2X messages on one carrier; whereas multiple UEs may transmit over different V2X carriers so as to alleviate potential insufficient capacity in high-density cases, from the network’s perspective. 
Proposal 5: For multi-carrier/PLMN operation, the UE should be able to transmit PC5-based V2X messages on one carrier; whereas multiple UEs may transmit over different carriers.

Besides, it is also possible that different PLMNs are allocated with different carriers for V2X. However, if a UE belongs to a PLMN which is not allocated with any carrier for V2X transmission, but is authorized to transmit V2X on the carriers belonging to other PLMNs, then the UE may be allowed to do so. 
Proposal 6: A UE may be allowed to transmit PC5-based V2X on the carrier(s) belonging to other PLMNs. 
Similar with Rel-13 D2D, the eNB could indicate the transmission frequency via RRC signaling or SIB and may also provide the associated Tx pool configuration either at the cell level or at the carrier level, for PC5-based V2X transmission. 
Proposal 7: For PC5-based V2X, the eNB could indicate the transmission frequency via RRC signaling or SIB and may also provide the associated Tx pool configuration, where the Tx pool could be configured at the cell level or at the carrier level.

Furthermore, cross-carrier scheduling may also be considered for the V2X services. However, we think that cross-carrier scheduling should be only allowed for intra-PLMN, as a dynamic cross-PLMN resource allocation is impractical.

Proposal 8: For V2X services, cross-carrier scheduling should only be considered for intra-PLMN scenario. 
3 Conclusion

In this contribution, we discussed the multi-carrier and multi-PLMN operations for V2X services from the reception-side and transmission-side respectively. The proposals are: 
Proposal 1: For the multi-carrier/multi-PLMN operations, the UE should be able to receive PC5-based V2X messages across multiple carriers some of which may belong to other PLMNs. 
Proposal 2: The serving cell should be able to provide a frequency list which may also include the carrier(s) of other PLMNs for UEs’ reception purpose of V2X services.
Proposal 3: The serving cell may also provide the associated Rx resource pool configuration for each frequency in the list, either at the carrier level or at the cell level.

Proposal 4: For inter-PLMN Rx pool configuration, a UE may be allowed to search the Rx pool configurations on the carriers belonging to other PLMNs and report them to its serving eNB, so as to enable the serving eNB to provide the Rx pool configurations of other PLMNs. 
Proposal 5: For multi-carrier/PLMN operation, the UE should be able to transmit PC5-based V2X messages on one carrier; whereas multiple UEs may transmit over different carriers.

Proposal 6: A UE may be allowed to transmit PC5-based V2X on the carrier(s) belonging to other PLMNs. 

Proposal 7: For PC5-based V2X, the eNB could indicate the transmission frequency via RRC signaling or SIB and may also provide the associated Tx pool configuration, where the Tx pool could be configured at the cell level or at the carrier level.

Proposal 8: For V2X services, cross-carrier scheduling should only be considered for intra-PLMN scenario. 
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