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Introduction
In RAN1 #85 it was agreed that:
Agreements:
· Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1
· PC5-based V2V design will support the multiple-operator scenario but not be optimized for it.
· Details FFS, e.g.,
· How to handle timing difference between eNB timing and PC5 timing, when it exists
· PC5 resource partitioning among multiple operators
· Resource coordination across operators is out of 3GPP scope.

In this paper we discuss some issues related to cross-carrier scheduling and multi-operator scenario for V2V over PC5.
[bookmark: _Ref456699730]Cross carrier scheduling
RAN1 has agreed on having cross-carrier scheduling for both mode-1 SPS and mode-1 dynamic scheduling. This means the PDCCH in one carrier can schedule a PC5 transmission on another carrier.  One example would be that the scheduling information is carried in the downlink using a licensed carrier while the scheduled V2V data is sent over a dedicated and unlicensed PC5 carrier such as one in the 5.9 GHz ITS band. 
Another type of cross-carrier scheduling that we envisage is: Uu in carrier A schedules PC5 in carrier B, i.e., similar to the above agreed mode-1 cross-carrier scheduling, but the “scheduling” is done via RRC signaling (SIB / dedicated RRC signaling) only (PDCCH is not involved). This type of signaling could be for synchronization or pool configuration purposes. After that the communication between the UEs occurs on the PC5 of carrier B. We are supportive of this type of cross-carrier scheduling.
Proposal:
· Cross-carrier scheduling in which the Uu of carrier A carries RRC signaling (e.g., for synch / pool configuration) for PC5 communications of carrier B is supported.

For V2V over PC5 each data transmission needs a scheduling assignment (SA) sent over PC5 interface. Therefore, there could be another form of cross-carrier scheduling as follows: each UE can transmit and receive on multiple carriers in parallel and an SA sent in one carrier contains scheduling information for a data transmission happening in another carrier. However, there has not been any decision in RAN1 on whether such a multi-carrier mode is supported for V2V. Moreover, we envision that such cross-carrier scheduling will have high impact on UE complexity and on the sensing-based resource allocation. We therefore believe this option should not be supported in the scope of the current work item.
Proposal:
· PC5-PC5 cross-carrier scheduling is not supported.

One of the main issues with cross-carrier scheduling is the timing difference between eNB timing and PC5 timing, if exists. For example, the timing on the PC5 follows GNSS timing which does not synchronize with the eNB timing. In that case we believe a reasonable solution would be: the eNB sends the scheduling information in DCI using its own timing, the UE performs some timing correction before sending the scheduling information in the SA (since the UE is aware of the timing difference). 
Proposal:
· The timing difference between eNB timing and PC5 timing is handled at the UE.

In case of cross-carrier scheduling it is necessary that the DCI contains an indicator of the carrier that the DCI is used for. For this purpose we can reuse the CIF field used in carrier aggregation in LTE.
Proposal:
· The DCI for mode-1 V2V over PC5 carries the CIF (carrier indicator field) to indicate the associated PC5 carrier.

Multi-operator scheduling
Similar to LTE, in V2V communication it may happen that multiple operators operate on the same spectrum. As a result, the operators should divide the available resources in a good manner in order to control interference and limit resource collisions between UEs belonging to different operators. Such a coordination between operators is outside the scope of 3GPP. 
Proposal:
· In a multi-operator scenario for V2V over PC5 where operators share the same spectrum, the operators should coordinate the division of the resources and such coordination is beyond the scope of 3GPP.

In the following we investigate the scheduling aspects related to multi-operator V2V over PC5, which depend on particular scenarios of resource coordination between operators.
Operators share the same carrier
If the operators share the same carrier, resource pools of different operators should be non-overlapping. For example, the overall resources can be partitioned into subsets in a semi-static way: Subsets of resources may correspond e.g. to UEs registered to different PLMNs. The resource allocation freedom for each UE is limited to the resources belonging to the subset of resources the UE belongs to. Either centralized or distributed resource allocation may be performed within each subset.
For mode-2 resource allocation (in- and out-of-coverage): since sensing-based resource selection is the agreed mechanism, the UEs should be able to sense the whole resource set belong to the carrier. 
Proposals:
· If multiple operators share the same carrier, the V2V resource pool for the operators should be separated. 
· Semi-static resource partitioning (e.g., the resources can be partitioned into subsets used for different subsets of UEs) between operators is beneficial to limit transmission collisions between different operators.
· UEs can sense the whole resource set belong the carrier.

We note that the above 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). Therefore, the partitioning should be included in the provisioning information from V2x control function. 
Proposal:
· [bookmark: _Toc456355598][bookmark: _Toc450058453][bookmark: _Toc450631720][bookmark: _Toc450858690][bookmark: _Toc450860594][bookmark: _Toc450939792][bookmark: _Toc456355600]Resource pre-configuration for out-of-coverage case has to consider the resource partition as well.
Operators use different carriers
If different operators use different carriers in the same spectrum then cross-carrier scheduling mechanism might be possible for mode-1. For example, an eNB of operator A can schedule V2V over PC5 transmissions of the UEs registered with operator B but are under operator A’s coverage. In this case the cross-carrier scheduling mechanism in discussed in Section 2 can be applied.    
Proposal: 
· Cross-carrier scheduling in a multi-operator is supported for V2V over PC5 and follows the same rules as cross-carrier scheduling for single operator.

Conclusion 
In this contribution we discussed cross-carrier scheduling and multi-operator aspects for V2V over PC5. 
Proposal:
· Cross-carrier scheduling in which the Uu of carrier A carries RRC signaling (e.g., for synch / pool configuration) for PC5 communications of carrier B is supported.  
Proposal:
· PC5-PC5 cross-carrier scheduling is not supported.

Proposal:
· The timing difference between eNB timing and PC5 timing is handled at the UE.

Proposal:
· The DCI for mode-1 V2V over PC5 carries the CIF (carrier indicator field) to indicate the associated PC5 carrier.

Proposal:
· In a multi-operator scenario for V2V over PC5 where operators share the same spectrum, the operators should coordinate the division of the resources and such coordination is beyond the scope of 3GPP.

Proposals:
· If multiple operators share the same carrier, the V2V resource pool for the operators should be separated. 
· Semi-static resource partitioning (e.g., the resources can be partitioned into subsets used for different subsets of UEs) between operators is beneficial to limit transmission collisions between different operators.
· UEs can sense the whole resource set belong the carrier.

Proposal:
· Resource pre-configuration for out-of-coverage case has to consider the resource partition as well.

Proposal: 
· Cross-carrier scheduling in a multi-operator is supported for V2V over PC5 and follows the same rules as cross-carrier scheduling for single operator.
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