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1 Introduction
According to the WID of LTE-based V2X [1], one of the objectives is to specify solutions for supporting inter-PLMN operation, which may also involve multiple carrier operation:
	a) 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]


Towards this objective, a working assumption was further achieved in the last RAN2 meeting as follows [2]:

	Working assumption: For sidelink V2V, we assume that the number of receiver chains is at least equal to number of ITS dedicated carriers (FFS if this is for safety only carriers or for all dedicated carriers) in addition to the receiver chain required for Uu.


This contribution will focus on the potential issues for multi-carrier and multi-PLMN operations for PC5-based V2X, and provide associated solutions.
2 Discussion
2.1 Issue analysis

Considering that V2X services are related to road safety, an Rx UE should be able to receive all V2X messages transmitted by the Tx UEs in its proximity. Furthermore, considering that the adjacent Tx UEs may send V2X messages on different sidelink carriers, which may further belong to different operators (e.g. as captured by Aspect 4C of Scenario 1 in TR 36.885), it is necessary for a UE to support the reception of PC5-based V2X massages across multiple carriers, even though some of these carriers may belong to other PLMNs.

Proposal 1: For the multi-carrier/multi-PLMN operations, the UE should be able to receive PC5-based V2X messages across multiple carriers some of which may belong to other PLMNs. 
Multi-carrier/multi-PLMN transmission should be considered for PC5-based V2X as well. From the UE’s perspective, there seems to be no capacity problem for a UE to transmit V2X messages on one carrier. However, considering the load balance for the network, multiple UEs should be allowed to transmit over different V2X carriers, lest the capacity be insufficient with too many vehicles transmitting on the same carrier. 
Proposal 2: For multi-carrier/multi-PLMN operations, the UE should be able to transmit PC5-based V2X messages on one carrier; whereas different UEs may transmit over different carriers.
Besides, if a UE belongs to a PLMN which is not allocated with any carrier for V2X transmission but is authorized to transmit V2X on the carriers belonging to other PLMNs, then the UE may be allowed to do so.
Proposal 3: A UE may be allowed to transmit PC5-based V2X on the carrier(s) belonging to other PLMNs. 
As existing specifications for V2X have not yet enabled the aspects captured above for multi-carrier/multi-PLMN operations, below we will provide potential solutions accordingly to tackle these issues.   
2.2 Potential enhancements
In the existing specifications for V2X, though the serving cell is able to provide a list of carrier frequencies as in the SL-InterFreqInfoV2X IE, the serving cell is only able to provide the synchronization configuration and inter-carrier scheduling for inter-frequency V2X sidelink communication. This means that only the pre-configured Rx resource pool is available for a UE to receive V2X messages onV2X sidelink carriers without network deployment. 
Furthermore, if inter-carrier scheduling is not configured, the UE is only allowed to use the pre-configured TX resource pool for V2X sidelink transmission on V2X carriers without network deployment. 
In order to improve V2X system performance, we think that the serving cell should also be able to provide the associated Rx and Tx resource pool configurations for each of the V2X sildelink carriers potentially indicated in the SL-InterFreqInfoV2X [2], especially for V2X dedicated carrier without network deployment. 
	SL-InterFreqInfoV2X information element

-- ASN1START
SL-InterFreqInfoListV2X-r14 ::=
SEQUENCE (SIZE (1..maxFreq)) OF SL-InterFreqInfoV2X-r14

SL-InterFreqInfoV2X-r14::= 

SEQUENCE {


v2x-CommCarrierFreq-r14 


ARFCN-ValueEUTRA-r9,


typeTxSync-r14





ENUMERATED {gnss, enb}



OPTIONAL,
-- Need OR

v2x-SchedulingPool-r14



SL-CommResourcePoolV2X-r14



OPTIONAL,
-- Need OR


...
}

-- ASN1STOP


Proposal 4: The serving cell should be able to provide the associated Rx and Tx resource pool configurations for each of the V2X carriers potentially indicated in SL-InterFreqInfoV2X.
In regard to Proposal 3, what needs to be further pointed out is that it may be difficult for the eNB to acquire the V2X pool configuration for a carrier allocated to another operator, as the X2 interface cannot always be assumed available. Therefore, a UE may be allowed to search pool configurations on the carriers belonging to other PLMNs and report them to the serving eNB, which is similar to system information reporting specified in Rel-13 D2D.
Proposal 5: For inter-PLMN Rx/Tx pool configuration, a UE may be configured to read the V2X sidelink configurations on the carriers belonging to other PLMNs and report them to its serving eNB, so as to enable the serving eNB to provide the V2X sidelink configurations of other PLMNs.
3 Conclusion

In this contribution, we discussed the multi-carrier and multi-PLMN operations for V2X services and the proposals are: 

Proposal 1: For the multi-carrier/multi-PLMN operations, the UE should be able to receive PC5-based V2X messages across multiple carriers some of which may belong to other PLMNs.
Proposal 2: For multi-carrier/multi-PLMN operations, the UE should be able to transmit PC5-based V2X messages on one carrier; whereas different UEs may transmit over different carriers.
Proposal 3: A UE may be allowed to transmit PC5-based V2X on the carrier(s) belonging to other PLMNs.
Proposal 4: The serving cell should be able to provide the associated Rx and Tx resource pool configurations for each of the V2X carriers potentially indicated in SL-InterFreqInfoV2X.
Proposal 5: For inter-PLMN Rx/Tx pool configuration, a UE may be configured to read the V2X sidelink configurations on the carriers belonging to other PLMNs and report them to its serving eNB, so as to enable the serving eNB to provide the V2X sidelink configurations of other PLMNs.
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