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1 Introduction

In RAN#75 meeting [1], carrier aggregation (CA) operation in PC5 was defined as one objective for 3GPP V2X Phase2 work item: 

1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
In this contribution, we provide our views on resource selection and carrier selection to support mode-4 transmission with PC5 carrier aggregation. 
2 Resource and carrier selection for CA 
As for PC5 carrier aggregation for mode 4, the following agreement and working assumption were made in RAN1#90 meeting [2].
Agreement:
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported

· FFS whether other solution is needed. 

· FFS if sensing on multiple carriers as a single set of resources is supported

· FFS if sensing can be done on a per-carrier basis, but resource selection can be different than Rel-14 UEs
Working assumption: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure 

Rel-14 per-carrier independent sensing procedure and resource (re)selection has the advantage of back compatibility and no need for specification effort. Sensing-based resource selection is performed independently on each carrier. PHY layers of all involved carriers report candidate resources to MAC layer for final resource selection.  
To select more suitable transmission resources, joint sensing on multiple carriers as a single set of resources is a natural choice. In principle one would expect that resource selection across carriers has the potential to lead to better performance than performing resource selection independently per carrier. However, it involves substantial amount of change to existing scheme and may lack back compatibility. To justify the introduction of such a change 

· the system level gain would need to be quantified so it can be weighed against the specification effort;
· it would need to be ensured that an R15 UE performing such a modified resource selection does not have worse impact on legacy UE than a UE performing legacy resource selection would have.

Given the time constraints it does not seem realistic to introduce a new procedure of joint sensing on multiple carriers as a single set of resources.

Proposal 1: Joint sensing on multiple carriers as a single set of resources is not supported. 

Similar reasoning applies to any proposed modifications to the “Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4”. Hence we propose

Proposal 2: Confirm the working assumption on use of the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4.
The working assumption made at RAN1#90 allows the introduction of additional rules for resource exclusion after executing the legacy procedure. There are two reasons why such additional rules can be useful:
· Reducing the impact of the half-duplex constraint;

· Taking into account power budget limitations.

Half-duplex constraint issue may become more serious for PC5 carrier aggregation if independent sensing per carrier directly followed by random resource selection among the non-excluded resources is employed.  For intra-band CA, a UE can’t receive in a sub-frame if the UE needs to transmit in this sub-frame on any carrier inside the band. Even for inter-band CA, it depends on the specific band/carrier combination if simultaneous reception on one carrier and transmission on the other carrier is possible. The number of subframes on which the UE can receive messages will be reduced. The number of sub-frames left for sensing is reduced and it may eventually impact system level performance. On one hand, joint sensing on multiple carriers can alleviate the issue. On the other hand, best effort resource selection across multiple carriers on the top of independent sensing per carrier can be considered. Among the candidate resources reported by multiple carriers, MAC layer tries its best to select resources to minimize the number of transmission sub-frames as long as power constraint per sub-frame is met.     

Proposal 3: Consider best effort resource selection across multiple carriers on the top of independent sensing to alleviate half duplex constraint issue while meeting power budget constraints.  
As for carrier selection for carrier aggregation, the following agreement was reached in RAN1#90 meeting [2].
Agreement:

· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s) 

· Send LS to RAN2 cc SA2 to inform them of this assumption (including the note)

Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)

If component carriers for carrier aggregations are associated with different priorities, priority is the first criterion for carrier selection. If the same priority is associated with multiple carriers, carrier selection can be based on carrier load status, e.g. CBR, to achieve better load balance among those carriers. PHY layer of each carrier performs CBR measurement and reports CBR value to MAC layer. Then MAC layer can process CBRs to select a suitable carrier or a subset of carriers for transmissions.    

Proposal 4: Consider carrier selection based on CBRs of multiple carriers if those carriers are associated with the same priority.    
3 Conclusions

In this contribution, we provide our views on resource selection and carrier selection to support mode-4 transmission with PC5 carrier aggregation, summarized in the following proposals: 
Proposal 1: Joint sensing on multiple carriers as a single set of resources is not supported. 

Proposal 2: Confirm the working assumption on use of the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4.

Proposal 3: Consider best effort resource selection across multiple carriers on the top of independent sensing to alleviate half duplex constraint issue while meeting power budget constraints.  
Proposal 4: Consider carrier selection based on CBRs of multiple carriers if those carriers are associated with the same priority.
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