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1
Introduction
During the Study Item phase of V2X the support of inter-PLMN V2X was discussed and it was concluded that the following scenarios need to be supported as expressed in the TR [1]:

· 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).
This contribution aims at giving some deeper considerations about these scenarios and impacts on RAN2 work in V2X WI.
2
Discussion
2.1 Usage Scenario 1

Usage Scenario 1 is a typical network sharing deployment where Operator A shares eNBs with Operator B. Operator’s A eNBs indicate the support for Operator B by including Operator’s B PLMN ID in the SIB1 and Operator A provides many services including V2X to UEs subscribed to its own network as well as subscribers of other operators. This is already supported in current specification. 

Observation 1: Usage Scenario 1 does not have impact to RAN2. 

2.2 Usage Scenario 2

For this scenario it is likely that an Operator A will be a V2X dedicated operator constituted by the regulator and being responsible for providing the necessary V2X service to all vehicles in a given area with the defined Quality of Service, reliability, latency and maintaining that network. This approach guarantees that all vehicles are managed by one operator in a given area contributing to facilitating Radio Resource Management (RRM) for those connected vehicles. In that situation separate PLMN ID would be signaled for cells operated by this operator and the only services provided in these cells would be V2X services. Since the UE supporting V2X services should be able to access other non-V2X services as well (e.g. Internet, voice, software updates), it raises a question of how to simultaneously provide commercial LTE services and V2X services to UEs belonging to other operators. According to usage scenario 2 UEs subscribed to Operator B should be provided with commercial services by Operator’s B eNBs while V2X service would be provided by Operator’s A eNBs. This bears following consequences:
· In case a dedicated V2X PLMN ID is used, it is unclear whether current Dual-Connectivity support the multi-PLMN scenario. In addition, the UE would have to prioritize between V2X and commercial services and reselect the cells according to its current needs. How the UE is made aware of which PLMN should be used for V2X and which for other services is an issue that is also discussed in our RAN3 paper [2]. It would not be possible for such UE to engage in both V2X and other services at the same time unless we assume it is a multi-SIM device for which it is possible to camp or connect to two networks at the same time. This however imposes significant requirements on UEs, e.g. mandates them to be equipped with multiple transceivers or even multiple LTE modems, which would increase their cost significantly. In addition, the feasibility of such operations would have to be further consulted with RAN1 and RAN4.
· Alternatively, the V2X cell may broadcast both Operator’s A PLMN ID and Operator’s B PLMN ID. This would not require multi-PLMN Dual-Connectivity, but the problem of how to route V2X traffic through one eNB while non-V2X traffic over another one or how the UE should prioritize the cells would still exist.
· Such limitations and requirements would not emerge if we assume that only DL broadcast MBMS and PC5 based services are provided over the V2X carrier. In that situation UE could camp or be served for unicast traffic on its own operator’s carrier while still being able to receive MBMS services or send/receive messages on sidelink over V2X carrier. In this case the UE would also utilize its own operator’s UL carrier to send V2X messages to V2X server, which would afterwards distribute them over Operator’s A network via MBMS. Such operation where the UE is using one carrier belonging to one operator for unicast and another carrier belonging to another operator to receive MBMS is currently being studied as part of RAN WI on “eMBMS enhancements for LTE” [3] and it seems that the solution is quite simple from RAN2 perspective as discussed in [4]. Please note that only MBSFN transmission is part of that study and it does not include SC-PTM enhancements. However, SC-PTM transmission should not be any different in this aspect. On the other hand there might be services like V2I or V2N, which could require unicast transmissions as well and in this situation V2X operator would be obliged to cooperate with commercial network operators to provide them.
Proposal 1: RAN2 should discuss how to provide both V2X and non-V2X services to the UE in Usage Scenario 2.
Depending on the answer to that question some enhancements to support this scenario can be required unless it is assumed that V2X UE owns two separate subscriptions for V2X and commercial services and the coordination thereof is left up to UE implementation.
2.3 Usage Scenario 3
· 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).

This scenario may be divided into some sub-scenarios:
· Scenario 3.1: Both operator A and Operator B support MBMS. There are two further options:
· Option 1: No agreement between Operator A and Operator B. When a V2X packet needs to be distributed to an area that is served by both Operator’s A eNBs and Operator’s B eNBs, the V2X server sends the V2X packet to Operator’s A MBMS CN node, e.g. Broadcast-Multicast Service Centre (BM-SC) and Operator’s B BM-SC. The BM-SC sends the V2X packet to the eNB, which further broadcasts it over the air interface. The same V2X packet will be broadcast separately over Operator’s A carrier and Operator’s B carrier. This option is the easiest one to achieve from configurational and managerial point of view (e.g. no need for coordination between operator’s), but it has a big disadvantage of duplicating the same V2X messages over multiple carriers (each network needs to send the same message to its subscribers including V2X messages from UEs subscribed to other PLMNs).
· Option 2: There is an agreement between Operator A and Operator B and each operator provides MBMS service in the whole V2X service area, but broadcasts V2X packets originated by its own subscribers only. UEs subscribed to another PLMNs are provided with the information (MBMS SAIs, frequency etc.) allowing them to receive MBMS broadcasts from other networks as well. This scenario has the advantage of not wasting the resources by duplicating same messages in different networks. On the other hand it would require UEs to simultaneously listen to MBMS transmissions over multiple PLMNs unless operator’s coordinate the resources/timing of their V2X MBMS transmissions, which can be very complex even with the number of operators limited to 2, not to mention coordination between higher number of operators.
· Option 3: There is an agreement between Operator A and Operator B and in a certain geographical area V2X packet is only sent over one operator’s MBMS system and carrier. Operator’s B UEs receive USD which indicates the TMGI and MBMS frequency of Operator A. In another geographical area these could be Operator’s A UEs, which need to receive MBMS service from another operator’s carrier. This scenario is similar to Usage Scenario 2 from UE perspective. The difference is that there is no dedicated V2X operator.
· Scenario 3.2: Only one operator, e.g. Operator A supports MBMS. This scenario is also similar to the Usage Scenario 2 and Scenario 3.1 Option 3 above with the difference that Operator A provides the MBMS service in the whole V2X service area.
Most of these sub-scenarios do not have additional RAN2 impacts apart from the ones mentioned for Usage Scenario 2 with the exception of Scenario 3.1 Option 2. However, as indicated above this scenario would be costly and complex to support and therefore we propose to clarify the following:
Proposal 2: V2X UE is required to receive MBMS service from only one PLMN in a given geographical area.
3
Summary
In this contribution we analyze the requirements of different usage scenarios for inter-PLMN V2X support as described in [1]. Based on the analysis we have following observation and proposals:
Observation 1: Usage Scenario 1 does not have impact to RAN2.
Proposal 1: RAN2 should discuss how to provide both V2X and non-V2X services to the UE in Usage Scenario 2.
Proposal 2: V2X UE is required to receive MBMS service from only one PLMN in a given geographical area.

Depending on RAN2 decisions about the aforementioned issues some additional mechanisms might need to be specified by RAN2 in order to support the required scenarios. RAN3 should be informed about RAN2 decision.
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