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1. Introduction
This contribution is based on R1-1713880 [1].
In RAN1#89 and 90 meeting, following are agreed for CA:
	RAN1#89:

· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
RAN1#90
· 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)

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 




In this contribution, we discuss the potential enhancement on PC5 functionalities to support carrier aggregation using mode-4 resource selection. 
2. Discussion
2.1. Carrier selection and resource allocation
For sidelink carrier aggregation, the design in LTE UL/DL CA should be the baseline. Each vehicle UE can simultaneously receive or transmit on one or multiple CCs depending on its capability. UE capability can be specified for the CCs on which a vehicle UE can transmit or receive. 
For Mode 4 resource allocation, Rel-14 sensing based resource selection and resource reservation mechanism can be reused if resource (re)selection on each CC is independently performed. Here, we assume that higher layer semi-statically identifies concerned frequency(s) for potential transmission based on agreement in RAN1#90. The number of selected carrier(s) for potential transmission should be within the number of Rx chain so that UE can monitor the carrier(s) for sensing and/or congestion control. There can be a further carrier selection for down selection or actual transmission on resource (re)selection either before or after resource candidate selection in layer-1. Possible mode 4 procedure is illustrated in Figure 1.
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Figure 1: Mode 4 resource selection procedure
If the carrier selection is before layer-1 procedure for resource candidate selection, the carrier selection can be for carrier selection allowed for certain service type associated to PPPP as discussed in RAN2 [2]. Random carrier selection or congestion control within allowed carriers can be considered for load balancing. In case of carrier selection after layer-1 procedure for resource candidate selection, it would allow physical layer to select from more resource candidate to select better resource candidate. Actual transmission carrier will be selected by random resource selection in layer-2 and potential SINR improvement based on joint resource selection among carriers highly depends on remaining flexibility after higher layer carrier selection discussed in RAN2. Also, load balancing among carriers will be automatically realized based on the random resource selection. Therefore, if there is sufficient flexibility for additional carrier selection, carrier selection for actual transmission after resource candidate selection in layer-1 is beneficial. RAN1 needs to wait for RAN2 decision. 
Observation 1: If there is sufficient flexibility for additional carrier selection, carrier selection for actual transmission after resource candidate selection in layer-1 is beneficial. 
Proposal 1: After RAN2 decision on transmission carrier selection, RAN1 to decide whether carrier selection for actual transmission is before or after physical layer procedure for resource candidate selection.
Resource pool configuration
The SA and data resource pool can be independently configured in each CC, e.g. the number of subchannels, the subchannel size, SA & data contiguous transmission or non-contiguous transmission, etc. Rel-14 V2X resource pool configuration can be reused as the baseline for resource pool configuration. Here, we assume single TB mapped to each CCs. In order to support use case#1, separate TB should be mapped to each CCs. It is also beneficial to keep backward compatibility so that Rel-14 UE can receive a TB at a given carrier. 

Proposal 2: The SA and data resource pool for each CC is independently configured reusing Rel-14 resource pool configuration.

Proposal 3: Separate TB is mapped to each CCs to support parallel transmission of packets with different carrier with backward compatibility for Rel-14 UEs.

SA transmission
In Rel-14 V2X specification, SA transmission is per resource pool. If RAN1 assumes that an UE capable of simultaneous reception of data is also capable of simultaneous detection of SA in multiple carriers, independent SA transmission/reception in each CCs/pools is assumed. SCI format 1 will be reused for CA operation. Such assumption is also beneficial for the reception by legacy UE.
Proposal 4: Rel-14 compatible SA transmission per CC/pool is assumed for CA.
2.2. UE capability related issues

Similar to UL/DL CA, there are several cases when UE has limited capability for simultaneous transmission and/or reception. Therefore, necessary effort should be made to minimize such occasion and specify necessary UE behavior. Here, we assume three possible category of limited UE capability, simultaneous transmission, simultaneous reception and simultaneous transmission/reception. 
In fact, the issue of simultaneous transmission and reception is already discussed in Rel-12-14 sidelink as half duplex constraint in single carrier. Similar issue would be considered at least for the intra-band CA case. In the current LTE specification, no simultaneous transmission and reception is supported for intra-band TDD CA. Only UE capability on inter-band simultaneous transmission and reception is supported for the UEs with certain capability. 
If same is applied for PC5 operation, we may need to consider increased impact of half duplex constraint. Considering that major use case of V2X CA in sidelink would be CA in 5.9 GHz, this aspect can have significant impact on PRR. At least, UE needs to preclude corresponding candidate resource. In RAN1#90, a working assumption is made to assume the resource exclusion due to additional half duplex constraint is performed after physical layer procedure for resource candidate selection. However, there is a S-RSSI based resource exclusion step in the physical layer procedure. If resource candidate without measurement results is not precluded before the S-RSSI based resource exclusion, UE cannot rank the corresponding resource candidate. Therefore, following two option needs to be considered:

· Option 1: Pre-configured S-RSSI value is set to the resource candidate without actual measurement result

· Option 2: Revert working assumption and use the same principle as Rel-14 V2X for resource exclusion considering half duplex constraint. If UE is transmitting in carrier(s) in the same the same carrier group which is (pre)configured, corresponding resource candidate in the same subframe is excluded before S-RSSI based resource exclusion in layer-1.
For option 1, if very high S-RSSI value is (pre)configured, resulting resource exclusion behavior would be mostly same as option 2 while if very small S-RSSI value is (pre)configured, resulting resource candidates will be same as Rel-14 UE.
Observation 2: If Rel-14 layer-1 procedure for resource candidate selection is kept, UE cannot rank the corresponding resource candidate on S-RSSI based resource exclusion.
Proposal 5: Select between the following options for handling of half duplex constraint:
· Option 1: Pre-configured S-RSSI value is set to the resource candidate without actual measurement result

· Option 2: Revert working assumption and use the same principle as Rel-14 V2X for resource exclusion considering half duplex constraint. If UE is transmitting in carrier(s) in the same the same carrier group which is (pre)configured, corresponding resource candidate in the same subframe is excluded before S-RSSI based resource exclusion in layer-1.

In the following, we list-up possible channel combinations and potential UE behavior for further discussion, if UE has limited capability for simultaneous transmission and/or reception.

Simultaneous transmission

· Simultaneous transmission of PSCCH/PSSCH and PSCCH/PSSCH

· Based on PPPP or up to UE implementation.

· Simultaneous transmission of SLSS/PSBCH and SLSS/PSBCH

· (Pre)configured carrier is prioritized for SLSS/PSBCH transmission.

· FFS: Among SLSS/PSBCH with the same priority
· Simultaneous transmission of SLSS/PSBCH and PSCCH/PSSCH

· Alt. 1: SLSS/PSBCH transmission is prioritized over PSCCH/PSSCH transmission because SLSS/PSBCH drop may results in synchronization error.

· Alt. 2: SLSS/PSBCH transmission in the (pre)configured carrier is prioritized over PSCCH/PSSCH. FFS: SLSS/PSBCH transmission not in the (pre)configured carrier.
· Alt. 3: UE does not expect such situation. Appropriate (pre)configuration avoids simultaneous transmission of SLSS/PSBCH and PSCCH/PSSCH

Simultaneous reception

· Simultaneous reception of PSCCH/PSSCH and PSCCH/PSSCH

· Reception carrier selection is up to UE implementation.

· Simultaneous reception of SLSS/PSBCH and SLSS/PSBCH

· Alt. 1: (Pre)configured carrier is prioritized for SLSS/PSBCH reception.

· FFS: Among SLSS/PSBCH with the same reception priority
· Alt. 2: Up to UE implementation.

· Simultaneous reception of SLSS/PSBCH and PSCCH/PSSCH

· Can be up to UE implementation.

Simultaneous transmission and reception (at least intra-band CA)
· Simultaneous transmission of PSCCH/PSSCH and reception of PSCCH/PSSCH

· UE may transmit PSCCH/PSSCH because there is no guarantee whether there are any PSCCH/PSSCH for reception. This can be left to UE implementation.

· Simultaneous transmission of SLSS/PSBCH and reception of SLSS/PSBCH

· (Pre)configured carrier is prioritized for SLSS/PSBCH transmission/reception.
· Simultaneous transmission of SLSS/PSBCH and reception of PSCCH/PSSCH

· Alt. 1: SLSS/PSBCH transmission is prioritized over PSCCH/PSSCH reception because SLSS/PSBCH drop may results in synchronization error.
· Alt. 2: UE does not expect such situation. Appropriate (pre)configuration avoids simultaneous transmission of SLSS/PSBCH and reception of PSCCH/PSSCH

· Simultaneous transmission of PSCCH/PSSCH and reception of SLSS/PSBCH

· Alt. 1: As SLSS/PSBCH reception may not be necessary for every SLSS/PSBCH occasion, it can be up to UE implementation.

· Alt. 2: UE does not expect such situation. Appropriate (pre)configuration avoids simultaneous transmission of PSCCH/PSSCH and reception of SLSS/PSBCH

3. Conclusion

In this contribution, we discuss support of carrier aggregation for V2x SL communications. Proposals are summarized below.
· Observation 1: If there is sufficient flexibility for additional carrier selection, carrier selection for actual transmission after resource candidate selection in layer-1 is beneficial.
· Observation 2: If Rel-14 layer-1 procedure for resource candidate selection is kept, UE cannot rank the corresponding resource candidate on S-RSSI based resource exclusion.
· Proposal 1: After RAN2 decision on transmission carrier selection, RAN1 to decide whether carrier selection for actual transmission is before or after physical layer procedure for resource candidate selection.
· Proposal 2: The SA and data resource pool for each CC is independently configured reusing Rel-14 resource pool configuration.
· Proposal 3: Separate TB is mapped to each CCs to support parallel transmission of packets with different carrier with backward compatibility for Rel-14 UEs.
· Proposal 4: Rel-14 compatible SA transmission per CC/pool is assumed for CA.
· Proposal 5: Select between the following options for handling of half duplex constraint:
· Option 1: Pre-configured S-RSSI value is set to the resource candidate without actual measurement result

· Option 2: Revert working assumption and use the same principle as Rel-14 V2X for resource exclusion considering half duplex constraint. If UE is transmitting in carrier(s) in the same the same carrier group which is (pre)configured, corresponding resource candidate in the same subframe is excluded before S-RSSI based resource exclusion in layer-1.
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