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1. Introduction
In RAN#73, the new WID of LTE based V2X service is approved [1]. One of the objectives is to support multiple carrier operation for PC5 interface:

	g)   Operations over multiple carriers including simultaneous PC5 operations over multiple carriers, simultaneous Uu and PC5 operations in different carriers, and configuring PC5 resources across carriers [RAN2, RAN4, RAN1]


In RAN2#95bis, the following work assumption about multi-carrier operation for sidelink V2V is given:

	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.


In this contribution, we will give our understanding on multi-carrier operation on PC5 and associated solutions are also provided.
2. Discussion
2.1 Multi-carrier Configuration
According to RAN2’s working assumption, simultaneous sidelink reception over multiple carriers is potentially based on using multiple RX chains on PC5. However, the detailed V2X configuration for multi-carrier operation has not been discussed. 
Issue 1: Intra-PLMN multiple carriers
As the ITS band is divided into several carriers for V2X, each operator could deploy multiple dedicated V2X carriers to enhance the capacity for V2X service. Moreover, each dedicated V2X carrier can be restrict for safety or non-safety message.
Issue 2: Inter-PLMN multiple carriers
Since V2X services are related to road safety, UE must receive V2X messages on carriers of other non-serving PLMNs. According to TR 36.885, each operator could be allocated with different V2X carrier.

We will give analysis and potential solutions on how to support multi-carrier operation over PC5, considering the issues listed above. 
2.1.1 Multiple Carriers for Intra-PLMN
For multiple carrier operation for sidelink, there is individual V2X resource pool configuration on each dedicated cell. And as pointed out by companies, for UEs work on dedicated carrier where no eNB is deployed, cross-carrier configuration is needed by them to acquired the network-configured resource pool. Hence, it would be beneficial if the cell can provide the TX and RX resource on each of the dedicated V2X carrier including the neighbouring carriers.
In current specification[3], v2x-CommRxPool-r14 and v2x-CommTxPoolNormalCommon-14 in SIB and v2x-CommTxPoolNormalDedicated-r14 in RRC dedicated signalling can only provide RX resource pool, common TX resource pool and dedicated TX resource pool of the current cell. For neighbouring V2X carriers, SL-InterFreqInfoV2X provides synchronization configuration but not configuration of TX and RX resource pool. Based on this, there are two potential alternatives for resource pool configuration in multi-carrier operation:
Alt1: v2x-CommRxPool-r14, v2x-CommTxPoolNormalCommon-14 and v2x-CommTxPoolNormalDedicated-r14 involves the configuration of resource pools on all carrier supported by network. TX and RX resource pools on each dedicated V2X carrier are indicated separately.
Alt2: InterFreqInfoV2X involves the V2X resource pools of the neighbouring dedicated V2X carriers, TX and RX resource pools on each dedicated V2X carrier are indicated separately.
Alt1 and alt2 are two examples to enhance the resource pool configuration for multi-carrier operation on PC5. 
Proposal 1: When multiple carriers are supported for sidelink V2X, serving cell should be able to configure TX and RX resource pools on each dedicated V2X resource pool. Potential solutions are given as alt1 and alt2 above.
In case of multiple dedicated V2X carriers are available, another issue needs to be handled is how UE can select one carrier among them for V2X messages transmission. There are several metrics can be considered for this selection. For instance, a CBR threshold could be configured and UE would not select the carrier on which the CBR measurement is higher than the threshold. In addition, UE can select the suitable carrier based on QoS of service and available resource from sensing on each carrier.
Proposal 2: When multiple carriers are supported for sidelink V2X, UE should be able to select one suitable carrier for TX from the multiple carriers.
If there are carriers dedicated to safety or non-safety service, this should be indicated to UE so that the UE can choose transmitting carrier properly based on the message type. This means the TX resource pool configuration should involve related information, i.e. for safety/non-safety service. In addition, each zone needs to be configured with at least two TX resource pools, for instance, one for safety and one for non-safety message.
Proposal 3: In resource pool configuration, it is used for safety or non-safety should be indicated.
Observation 1: If safety and non-safety services are on different carriers, each zone could be configured with at least two TX resource pools (e.g. one for safety and one for non-safety service).
2.1.2 Multiple Carriers for Inter-PLMN
In TS 36.885[2], the following inter-PLMN scenarios for inter-PLMN operation in V2X are provided:

	The following scenarios need to be supported for V2X:

· 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). 


· Usage Scenario 1

Since both V2X and non-V2X services are shared between the PLMNs by eNBs belonging to Operator A, UEs of Operator B can camp on or connected to eNBs of Operator A as a normal UE of Operator A. This is a typical shared network which has been supported in current specification. Therefore, there is no specification impact in usage scenario 1.
Observation 2: There is no specification impact in inter-PLMN usage scenario 1.

· Usage Scenario 2

For scenario 2, Operator A only shares V2X service with Operator B. In this case, if a dedicated PLMN ID is applied for the V2X service, the UEs of operator have to register in two PLMN simultaneously when there are both V2X and non-V2X services ongoing. In current specification, UEs is not allowed to register in two PLMNs. In this light, to apply a dedicated PLMN ID for V2X service for scenario2 is not suggested.

The considerable approach to support the usage scenario2 is that eNBs providing V2X service broadcast the PLMNs it supports. Hence UEs can connect to the eNB providing V2X service in their own PLMN. However, if a UE of operator B works in mode1 or is allocated with dedicated TX resource pool for mode2 while performs non-V2X services, the UEs will connected to two eNBs at the same time. In this case, V2X UE might need to support the capability of DC. 
Proposal 4: For inter-PLMN scenario, it should be considered to support DC for V2X UEs.
· Usage Scenario 3
Generally, UEs should receive V2X services from other PLMNs to guarantee the road safety. Since V2X carriers are not shared between PLMNs, the question is that how can UE be aware of the RX resource pool configuration of a non-serving PLMN. There are two options can be considered to handle this:
· Option1: UE acquires RX resource pool configuration of non-serving PLMN by reading its SIB21.

· Option2: Serving eNB acquires RX resource pool configuration of non-serving PLMN and conveys it to UE.

For option1, for the sake of reading SIB21 of a non-serving PLMN, UE must be aware of the V2X carrier of the other PLMN. This can be realized by pre-configuring the related information in UE or indicating it by eNB as that in D2D. 
For option2, it requires serving eNB to acquire SIB21 of the non-serving PLMNs. This doesn’t work when the X2 interface is not available. Furthermore, serving eNB may be not aware of the update of SIB21 in the non-serving PLMNs in time.
Proposal 5: RAN2 to consider the options used to acquire configuration of RX resource pool of non-serving PLMNs by UE for inter-PLMN usage scenario 3.
In this case, UE will only transmit on the V2X carrier allocated to the PLMN which it belongs to. With respect to this, to support multi-carrier operations for inter-PLMN has no impact on how UE acquire the configuration of TX resource pool.
Observation 3: There is no requirement to acquire the configuration of TX resource pool of non-serving PLMNs for inter-PLMN usage scenario 3..
2.2 TX and RX RF chains for PC5

The detailed impact on RF chain for receiving on multiple carriers is further based on RAN4’s study on RF architecture for V2X UE. However, the following aspects could be considered from the view of RAN2.
· RX RF chain for safety service

It is significant that UE does not miss any safety service send by any nearby UE, otherwise it may result in pedestrian and road accident. If multiple V2X carriers are applied for the safety service, UE should be able to perform simultaneous reception on all the safety service. This means each carrier for safety service needs an individual RX RF chain.

· RX RF chain for non-safety service

Regularly, the requirement for reliability and latency of non-safety is not tight. So UE can perform RF switching for the reception of non-safety service.

· RX RF chain for reception of non-serving PLMNs
Similar to the analysis above, UE should be able to receive V2X service from multiple PLMNs simultaneously; otherwise, the V2X message from UEs in the vicinity would be missed.
Take into account both safety and non safety message reception, the number of RX RF chain should at least equal to the number of carriers used for safety service. No tight requirement is given for the RF chain used for non-safety services and this is beneficial for reducing the cost of V2X devices.

Proposal 6: UE should support simultaneous reception from multiple PLMNs.
Proposal 7: UE should support simultaneous reception for the safety service.
Proposal 8: RF switching could be used to receive non-safety services.
3. Conclusion
In this contribution, we propose:
Proposal 1: When multiple carriers are supported for sidelink V2X, serving cell should be able to configure TX and RX resource pools on each dedicated V2X resource pool. Potential solutions are given as alt1 and alt2 above.
Proposal 2: When multiple carriers are supported for sidelink V2X, UE should be able to select one suitable carrier for TX from the multiple carriers.

Proposal 3: In resource pool configuration, it is used for safety or non-safety should be indicated.

Proposal 4: For inter-PLMN scenario, it should be considered to support DC for V2X UEs.

Proposal 5: RAN2 to consider the options used to acquire configuration of RX resource pool of non-serving PLMNs by UE for inter-PLMN usage scenario 3.

Proposal 6: UE should support simultaneous reception from multiple PLMNs.

Proposal 7: UE should support simultaneous reception for the safety service.
Proposal 8: RF switching could be used to receive non-safety services.
Observation 1: If safety and non-safety services are on different carriers, each zone could be configured with at least two TX resource pools (e.g. one for safety and one for non-safety service).
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