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1. Introduction
In the TR36.885 [1], three usage scenarios for multiple operators supporting V2X have been captured.
	The following scenarios need to be supported for V2X:
· Usage Scenario 1: Only Operator A have eNBs in a specific area. Operator A’s eNB are shared with Operator B for all services including V2X.
Operator A’s eNB indicates the support for Operator B’s PLMN ID in the SIB. 
· Usage Scenario 2: Only Operator A own the dedicated V2X spectrum in a specific area. Operator A’s eNB are shared with Operator B only for V2X service.	
The V2X service may be provided via a PLMN ID dedicated for V2X service. 
· Usage Scenario 3: Both Operator A and B have eNBs in a specific area. V2X server distribute the V2X msg to both operators’ network. 
One option is the V2X server connects to both operator’s network, just like a normal service provider providing services to UEs from multiple operators. Or the UE listen to the MBMS of other operator(s). 



In this paper, we further analyze above scenarios and impact on RAN2 work in V2X WI.
2. Discussion
2.1. Scenario 1
In this scenario, both operator A’s UEs and operator B’s UEs in this specific area should be able to camp on the cells belonged to operator A. This scenario has already been supported by legacy RAN sharing mechanism. If the Cell A of operator A is shared with operator B, the system information broadcasted in Cell A contains the PLMN-ids of both operator A and operator B. Then the radio resources of Cell A could be shared by the UEs belongs to both of these operators. That is, both operator A’s UEs and operator B’s UEs can transmit and/or receive V2X service as well as non-V2X service on Cell A.


Figure 1: Scenario 1
Observation 1: For scenario 1, the multiple PLMN operation could be supported by legacy RAN sharing mechanism.
2.2. Scenario 2
In this scenario, for operator A, it may support two kinds of cells, one is used to provide non-V2X service and another one is only used to provide V2X service (abbr., V2X only cell). As shown in Figure 2, one cell (e.g., cell A-1) supports PLMN A while another cell (e.g., cell A-2) supports both PLMN V2X and PLMN A. For operator B, its cells (e.g., cell B) can only support PLMN B and does not support V2X service. The inter-PLMN operation could be divided into the following three cases:

 
Figure 2: Scenario 2
· Case2-1: V2X communication transmission/reception over PC5 
According to TS 23.285 [2], the UE could be provisioned with a list of PLMNs in which the UE are authorized to perform V2X communication over PC5. Suppose the UE from Operator B detects Cell A-2 in PLMN V2X and PLMN V2X is included in the authorized PLMN list for PC5 based V2V communication, the UE from operator B could obtain the PC5 resource configuration on PLMN V2X through the SIB message or dedicated signaling. Then the UE could perform the inter-PLMN V2X sidelink communication transmission/reception on Cell A-2. 
· Case 2-2: MBMS based V2X communication reception over Uu
For the MBMS based V2X communication, it is agreed in SA2 [2] that the UE may be provisioned with PLMNs in which the UE is authorized to use MBMS based V2X communication. The USD for receiving MBMS based V2X traffic in these authorized PLMNs could be obtained from V2X Application Server. For UE served by operator B, it may obtain the authorized PLMN list for MBMS based V2X communication which includes PLMN V2X. In addition, the UE reads the USD to acquire the V2X service related information of PLMN V2X. Suppose the UE detects the CellA-2 which supports MBMS broadcast for PLMN V2X, it can then synchronize to Cell A-2 to acquire V2X MBMS broadcast relevant SIB/MCCH/MTCH. In this way, the inter-PLMN MBMS reception could be realized. 
· Case2-3: Unicast based V2X communication transmission over Uu
Suppose the UE from Operator B wants to transmit V2X message over Uu, it is necessary for the UE to connect to Cell A-2 since only Cell A-2 provides V2X service. On the other hand, suppose the UE also wants to transmit non-V2X data at the same time, it needs to connect to other cells such as Cell B simultaneously for non-V2X service transmission since Cell A-2 only supports the V2X service. In other word, the UE should connect with two cells for its V2X and non-V2X transmission respectively. As we can see, this requires the UE supports dual connectivity capability. Based on our understanding, the dual connectivity requires the UE connects to two cells with the same registered PLMN. However, in this case, the Cell B and Cell A-2 belong to different PLMNs deployed by different operators. 
Observation 2: For scenario 2, V2X communication transmission/reception over PC5 and MBMS based V2X communication reception over Uu could be supported without RAN2 impact.
Observation 3: For scenario 2, V2X communication transmission over Uu requires the UE to support dual connectivity with different PLMNs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: RAN2 should study in the scenario that Uu based V2X communication is transmitted/received on dedicated V2X spectrum, how UEs support dual connectivity with different PLMNs.
2.3. Scenario 3
This scenario can further be divided into two cases (i.e., case 3-1 and case 3-2).  


Figure 2: Scenario 3
In case 3-1, V2X AS A belongs to operator A and V2X AS B belongs to operator B. The V2X message of V2X AS A and B could be distributed to each other. So network of operator A and operator B could provide the combined V2X messages from multiple operators to UE. In this case, the UE could camp on one operator’s network to receive the V2X message from multiple operators’ network. However, lots of radio resource may be wasted due to redundant V2X message transmission from both cell A and cell B.
In case 3-2, V2X AS A and V2X B do not distribute the V2X message to each other. The V2V message is delivered only within its operator’s network. The UEs camping on cell A can receive only part of V2X messages (i.e., UEs cannot receive another part of V2X messages from UEs camping on cell B). So it requires the UE to support the V2X message reception from multiple operators’ network. 
Observation 4: For scenario 3, when multiple V2X ASs distribute the V2X message to each other, V2X communication transmission/reception could be supported without RAN2 impact. However, lots of radio resource may be wasted due to redundant V2X message transmission in each cell.
Observation 5: For scenario 3, when multiple V2X ASs do not distribute the V2X message to each other, UEs should support the V2X message reception from multiple operators’ network. 
Proposal 2: RAN2 should study in the scenario that multiple V2X ASs do not distribute the V2X message to each other, how UEs support the V2X message reception from multiple operators’ network.
3. Conclusion
After our analysis, we give our observations and proposals.
Observation 1: For scenario 1, the multiple PLMN operation could be supported by legacy RAN sharing mechanism.
Observation 2: For scenario 2, V2X communication transmission/reception over PC5 and MBMS based V2X communication reception over Uu could be supported without RAN2 impact.
Observation 3: For scenario 2, V2X communication transmission over Uu requires the UE to support dual connectivity with different PLMNs.
Observation 4: For scenario 3, when multiple V2X ASs distribute the V2X message to each other, V2X communication transmission/reception could be supported without RAN2 impact. However, lots of radio resource may be wasted due to redundant V2X message transmission in each cell.
Observation 5: For scenario 3, when multiple V2X ASs do not distribute the V2X message to each other, UEs should support the V2X message reception from multiple operators’ network. 
Proposal 1: RAN2 should study in the scenario that Uu based V2X communication is transmitted/received on dedicated V2X spectrum, how UEs support dual connectivity with different PLMNs.
Proposal 2: RAN2 should study in the scenario that multiple V2X ASs do not distribute the V2X message to each other, how UEs support the V2X message reception from multiple operators’ network.
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