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In the V2X work item document, the following objective is mentioned [1]:
5) To specify other enhancements to PC5/Uu for V2X on the following aspects:
c)	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]
In this contribution, we discuss Inter-PLMN operation for PC5 based V2X, especially the operation scenarios and modes.
Scenarios for inter-PLMN operation
Two inter-PLMN operation scenarios for V2X over PC5 can be considered:
· Scenario 1: Separate carriers are allocated for different PLMNs for V2X services over PC5
· Scenario 2: The same carrier is shared among different PLMNs for V2X services over PC5


Scenario 1, separate carriers for multi-PLMN


Scenario 2, shared carriers for multi-PLMN
Figure 1. Multi-PLMN operation scenarios
Scenario 1: Separate carrier for inter-PLMN operation
In this case, a separate carrier is used per PLMN, and a UE needs to have the capability of multi-carrier reception at the same time.
Mode 4
If dedicated carriers are allocated to PLMNs, a UE belonging to one PLMN transmits V2X data on the allocated carrier while receiving V2X data on the others carriers. Since separate carriers are allocated to different PLMNs, there is no resource collision between different PLMNs. Within an allocated carrier, a UE can use the sensing with semi-persistent transmission already defined for mode 4. The problem of out-of-band emission between different carriers is similar as in-band emission within one PLMN. In addition, schemes to alleviate half-duplex limitation within one carrier are applicable to the multi-carrier case.
Observation 1: Multiple PLMN can operate on dedicated separate carriers with Mode 4.
When V2X and cellular share the same carrier for a given PLMN, the resource pool for V2X is preconfigured or configured by eNB. It is possible that another PLMN configures a different resource pool for V2X. A UE belonging to one PLMN needs to know the reception resource pool of another PLMN for cross-PLMN V2V reception. Furthermore, different resource pool configuration of multiple PLMNs may result in interference between PC5-V2X and cellular operations. For example, a V2V subframe in one PLMN may correspond to UL or DL subframe of another PLMN. In this case, V2X operation over Uu could be preferred. Details are up to RAN2.
Proposal 1: In case of V2X and cellular sharing the same carrier, support of Mode 4 V2V using the Uu interface is preferred. Details are up to RAN2. 
Mode 3
If dedicated carriers are allocated for PLMNs, since separate carriers are allocated to different PLMNs, there is no transmission collision between PLMNs. If the eNB is not equipped with GNSS, it does not know the timing of GNSS, and accordingly DFN. The scheduling of eNB is based on SFN. If there is a timing difference between eNB and GNSS timing, there will be a mismatch between SFN and DFN. This scenario is analyzed in [2]. In this case, it is preferred that the eNB configures the UE to measure and to report the timing offset between eNB and GNSS so that the eNB can do scheduling and configuration based on GNSS timing.
When V2V and cellular share the same carrier per PLMN, the problems for Mode 4 also apply to Mode 3. For example, an eNB of PLMN 1 allocates resource for a vehicle that may correspond to cellular UL/DL subframes for PLMN 2. In this case, Uu-based V2X operation is preferred.
Proposal 2:
In case of dedicated carriers for PLMNs:
· DFN-based resource pool configuration and scheduling can be used for PC5-based V2X.
· The eNB can configure the UE to measure and report timing offset between eNB and GNSS.
When V2X and cellular share the same carrier:
· Uu-based V2X service is preferred for Mode 3. Details are up to RAN2.
Scenario 2: Shared carrier for inter-PLMN operation
In this scenario, multiple PLMNs share the same carrier. It is reasonable to assume that multiple PLMNs share a carrier dedicated for V2V operation. 
Mode 4
Sensing based resource selection is used for Mode 4. For shared carrier scenario, UEs from different PLMNs sense the same carrier for resource selection. Because collisions can be avoided with existing mechanisms, no resource coordination among PLMNs is needed.
Observation 2: For Mode 4, multiple PLMN can operate on the same dedicated carrier.
Mode 3
For Mode 3 operation, the eNB allocates resources for vehicles. If the eNB does not know if that resource is occupied by another PLMN, there may be potential collisions among different PLMNs. Thus, the eNB needs to know the resource pool configuration of other PLMNs. Furthermore, the resource which will be used by PLMN 1 with mode 3 should not overlap with the resource of another PLMN for both modes 3 and 4. Using TDM between different PLMNs is preferred in this case. Note that the trade-off is higher latency for V2X services. 
[bookmark: _GoBack]Proposal 3: TDM between different PLMNs on the same dedicated carrier for V2X is preferred for Mode 3.

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss inter-PLMN operation for PC5-based V2X. Based on the analysis, the following observations and proposals are given.
Observation 1: Multiple PLMN can operate in dedicated separate carriers with Mode 4.
Proposal 1: In case of V2X and cellular sharing the same carrier, support of Mode 4 V2X using the Uu interface is preferred. Details are up to RAN2.Proposal 2:
In case of dedicated carriers for PLMNs:
· DFN-based resource pool configuration and scheduling can be used for PC5-based V2X.
· The eNB can configure the UE to measure and report timing offset between eNB and GNSS.
When V2X and cellular share the same carrier:
· Uu-based V2X service is preferred for Mode 3. Details are up to RAN2.
Observation 2: For Mode 4, multiple PLMN can operate on the same dedicated carrier.
Proposal 3: TDM between different PLMNs on the same dedicated carrier for V2X is preferred for Mode 3.
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