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1 Introduction
The technical report TR 36.885 [1] includes various operating aspects and three possible scenarios. In this paper we clarify the details on inter-PLMN operation for V2V services, which can be supported both over the PC5 and Uu via MBMS.
2 Discussion
In this section we analyse the impact of inter-PLMN operation both over the PC5 and Uu via MBMS.
2.1 Inter-PLMN PC5 operations
Regarding inter-PLMN operation over PC5, we differentiate between dedicated carrier(s) for each operator (case 4C) and shared carrier(s) for multiple operators (case 4B).

· (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.
· FFS: Case 4D: No operator operation 
2.1.1 Case 4C: dedicated carrier
Related to V2V operations over sidelink, in Rel-12/13 ProSe communication, UEs are allowed to transmit in the serving PLMN only. Although inter-PLMN transmission is allowed for ProSe discovery, it targets a scenario where the registered PLMN of the UE has no available resources for ProSe discovery, thus inter-PLMN Tx is needed to implement cross-PLMN ProSe discovery. Obviously, this is not the case for scenario 4C for V2V traffic, and it is already sufficient by allowing inter-PLMN Rx to enable cross-PLMN V2V communication.
Observation 1 The benefit of allowing a UE to transmit in a non-serving PLMN for V2V is not clear. 
However, since latency is a very important requirement in V2V, being able to read V2V traffic directly from another PLMN enables reduced latency compared to a solution with e.g. a common V2V server in the core which forwards the same data across multiple PLMNs. That does not exclude a solution in which a V2V server is shared by multiple operators, but being able to read V2V messages directly gives the possibility for reduced latency. 
Various levels of network coordination can be foreseen and should be supported, but it should be possible for UEs to read resource configurations (especially Rx resource pool) from other operators.

Proposal 1 It shall be possible for a UE to read inter-operator V2V sidelink resource configuration in order to allow inter-PLMN reception.
Since latency is a very important requirement for V2x, the time gap based Rx chain switching between PLMNs (if dedicated carrier for different PLMN) is not applicable, considering possible packet loss during the switching operation. 
Proposal 2 A dedicated Rx chain is needed for PC5-based inter-PLMN operation to minimize service interruption.

2.1.2 Case 4B: shared carrier

To support this scenario, the resource allocation on the shared carrier can be solved in different ways, but no direct RAN2 impact is foreseen. For example: 
-
Either we do not split resources between PLMNs, but reuse all the resources in all PLMNs. This requires UEs from different operators to handle the inevitable inter-PLMN collisions in UE autonomous way, e.g., rely only on mode-2 scheduling;

-
Or we split the resources among the PLMNs exclusively. This allows each operator to enable different control on the parameters in general, e.g., power control, re-transmission number, resource pool control between services, i.e., mode-1 is applicable;
Observation 2 It is beneficial for case 4B, to enable semi-static partitioning between operators of the shared V2V spectrum to limit transmission collisions between different operators.
To achieve the mentioned resource partitioning between operators, tools are needed for RAN (eNB and / or UE are involved in the mode-1 scheduling procedure) to become aware of the resource allocation:

-
At eNB side, it can be known from O&M configuration directly, or from S1 signalling (which further relies on configuration / signalling from core network entities);

-
At UE side, it can be known from signalling from core network entities, e.g., V2x control function (via V3 interface) and / or even application server (via V1 interface), or from eNB (via Uu interface).
Considering this resource partitioning may be necessary even when a UE is out of coverage of the registered PLMN (i.e., to avoid resource collision to non-registered PLMN(s) which has coverage at the area and is doing mode-1 scheduling on the shared carrier), it has to be included into the provisioning information from V2x control function. 
Observation 3 Resource pre-configuration for out-of-coverage case has to consider the resource partition as well.
2.2 Inter-PLMN MBMS operations
Regarding V2V services delivered over the Uu via MBMS, in RAN2#93-bis, it was agreed that:

=>
  Inter-PLMN reception for DL broadcast is allowed.  
The multi-operator scenarios also imply the case in which a UE keeps connection on serving PLMN, with both UL/DL carrier not shared with other PLMN, while the V2V service is provided via MBMS on another PLMN, on another DL carrier. 
The above scenario should also consider the case in which a UE is connected to a serving PLMN for Uu mobile broadband (MBB) operations while receiving on another PLMN the MBMS V2V services. 

Observation 4 The UE should be capable of performing UL/DL operations in the serving PLMN, while receiving MBMS from another PLMN. 
We note that the registered PLMN of the UE could inform the UE via existing SIB15 about the list of neighbouring frequencies (that could belong to another PLMN) that provide MBMS V2V services and the corresponding MBMS service area Identities (SAIs).The UE could then monitor these MBMS frequencies accordingly.  

Observation 5 Existing SIB15 could be used to inform the UE about the neighboring frequencies (potentially belonging to another PLMN) in which MBMS services are provided.   
Whether the neighbouring inter-PLMN frequency provided in SIB15 is relevant for this UE depends on the USD that is provided by the application layer, e.g. the V2V server, when the UE registers to it.

Observation 6 The UE determines on which carrier (potentially belonging to another PLMN) to receive V2V service based on SIB15 received in the registered PLMN and USD obtained on the MBMS carriers. 
Given the above discussion, it seems that inter-PLMN MBMS operations are already supported by current legacy and that RAN2 does not need to optimize that.

Proposal 3 Inter-PLMN MBMS operation is already supported in legacy RAN2 specifications.

Obviously, similar to PC5, enhancing UE reception capabilities would reduce the service interruption.

Proposal 4 Dedicated Rx chain is needed for Uu-based inter-PLMN MBMS operation to minimize service interruption.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The benefit of allowing a UE to transmit in a non-serving PLMN for V2V is not clear.
Observation 2
It is beneficial for case 4B, to enable semi-static partitioning between operators of the shared V2V spectrum to limit transmission collisions between different operators.
Observation 3
Resource pre-configuration for out-of-coverage case has to consider the resource partition as well.
Observation 4
The UE should be capable of performing UL/DL operations in the serving PLMN, while receiving MBMS from another PLMN.
Observation 5
Existing SIB15 could be used to inform the UE about the neighboring frequencies (potentially belonging to another PLMN) in which MBMS services are provided.
Observation 6
The UE determines on which carrier (potentially belonging to another PLMN) to receive V2V service based on SIB15 received in the registered PLMN and USD obtained on the MBMS carriers.


Based on the discussion in section 2 we propose the following:
Proposal 1
It shall be possible for a UE to read inter-operator V2V sidelink resource configuration in order to allow inter-PLMN reception.
Proposal 2
A dedicated Rx chain is needed for PC5-based inter-PLMN operation to minimize service interruption.
Proposal 3
Inter-PLMN MBMS operation is already supported in legacy RAN2 specifications.
Proposal 4
Dedicated Rx chain is needed for Uu-based inter-PLMN MBMS operation to minimize service interruption.
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