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In the V2X work item document, the following objective is mentioned [1]:
· 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 the scenarios and synchronization issues for Inter-PLMN operation for PC5, as well as enhancements on synchronization.
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


[bookmark: _Ref457847184]Figure 1. Scenarios for inter-PLMN operation
Figure 1 shows an example of both inter-PLMN operation scenarios. For both scenarios, two PLMNs may overlap. This brings challenges for V2X services over PC5, such as how to ensure that all UEs have a common synchronization reference.
Synchronization issues for inter-PLMN operation
The synchronization issue is different for the two scenarios mentioned above, and also depends on whether the UE can support multiple carriers.
Case 1: UE supports only one carrier
For Scenario 1, UEs should be allowed to switch the carrier they monitor to a carrier on other PLMNs in order to communicate with vehicle UEs belonging to those PLMNs. One problem is timing coordination between UEs in different PLMNs. If different timings are used, significant delay including carrier switching and synchronization may be introduced. Furthermore, interruption may happen during carrier switching since UEs can only communicate with other UEs working on the same carrier. 
For Scenario 2, synchronization is simpler. Taking Figure 1(b) as an example, when eNB1 of PLMN1 and eNB2 of PLMN2 use the same or equivalent timing, e.g., GNSS based timing, there will be no synchronization problem. However, if their timings are different, e.g., eNBs configure different prioritized timings for in coverage UEs, there will be inter-UE interference caused by asynchronous transmissions in overlapped coverage areas. In Figure 1(b), UE2 will have interference if the timing of eNB1 is different than eNB2.
Case 2: UE supports multiple carriers
In this case, the UE has multiple RF chains to support multiple carriers.
For Scenario 1, if a UE can track the timing of its supported carriers (belonging to different PLMNs), the UE can quickly detect nearby UEs on those carriers. When the number of overlapping PLMNs is more than the number of carriers supported by a UE, a tradeoff method can be adopted, i.e., the UE can configure one RF chain to track the timing of its serving PLMN’s carrier, while configuring the remaining RF chains to switch among carriers of non-serving PLMNs to synchronize with them. 
For Scenario 2, UEs do not need to switch their RF chains onto different carriers. 
Table 1 summarizes the synchronization issues mentioned above.
Table 1. Synchronization issues for inter-PLMN operation
	
	Scenario 1: Separate carriers
	Scenario 2: Shared carrier

	Case 1: UE supports one carrier
	· Require carrier switching
· Track non-serving PLMN’s timing 
· Interruption and delay
	· Timing coordination

	Case 2: UE supports multiple carriers
	If the number of RF chains is less than that of PLMNs:
· Carrier switching
· Track non-serving PLMN’s timing
· Interruption and delay
	· Timing coordination



Observation 1: The inter-PLMN operation is simpler if the two PLMNs share a carrier
When two UEs are on different PLMNs but have different timings, they can interfere with each other. In order to limit interference, all UEs need to use the same timing reference. Given that GNSS provides universal timing (UTC), all UEs should use GNSS regardless on which PLMN they are camping.
Proposal 1: For inter-PLMN operation, GNSS-based timing is preferred.
If the eNB does not use GNSS timing, assistance from the UE can also be considered so that UEs can get both GNSS and eNB timing. A vehicle UEs that can obtain both GNSS timing and the serving eNB timing and can broadcast the offset between these two timings e.g., on the PSBCH. Thus, a UE receiving the PSBCH would not need to synchronize to a non-serving eNB to obtain its timing, which is beneficial for the case when the PC5 carrier is different from Uu link carrier
Proposal 2: In-coverage UEs signal the timing offset between eNB and GNSS on the PSBCH
Conclusions
In this contribution, we discuss scenarios and synchronization issues for inter-PLMN operation, and make the following observations and proposals:
Observation 1: The inter-PLMN operation is simpler if the two PLMNs share a carrier
Proposal 1: For inter-PLMN operation, GNSS-based timing is preferred.
Proposal 2: In-coverage UEs signal the timing offset between eNB and GNSS on the PSBCH
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