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Introduction
The following agreements for sidelink CA were achieved in the past RAN1 #89 meeting.
Agreement:
· 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
Agreement:
· In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier. 
· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID 
These general principles can be applied to both Mode-3 and Mode-4 operation. In this contribution, we will focus on sidelink carrier aggregation in Mode-3 and in companion paper [1] we discuss the sidelink CA in Mode-4, respectively. 
Discussion
In V2X release 14, the specification already supports cross-carrier scheduling on the indicated sidelink carrier, using DCI Format 5A. To support the sidelink carrier aggregation in release 15, the resource scheduling mechanism over Uu for LTE DL/UL CA can be reused for mode 3, and one UE should be able to receive multiple downlink control information (DCIs) from eNB and each DCI should indicate the resource allocation on one aggregated PC5 carrier. Then the UE could transmit the SA and associated data on multiple aggregated PC5 carriers according to eNB’s allocation. According to the analysis in our companion paper[1], to co-exist with Rel-14 UEs in the same resource pool, the legacy SA format should be reused in release 15, so for mode 3, multiple scheduling assignments (SAs) (according the DCIs) are sent separately by a UE to indicate CA based sidelink transmission on different carriers and pools. Each sidelink transmission on the aggregated carrier is almost the same as Rel-14. 
As we proposed in [2], the aggregated sidelink CCs can be synchronized and non-synchronized, and it is also possible that the timing reference of the carrier of the PCell and the timing reference of the sidelink carriers are not synchronized. In the following sections we will discuss mode 3 operation details for both the synchronized CCs and non-synchronized CCs cases.
Synchronization CCs Cases
For these cases, it is more like the Uu interface carrier aggregation in LTE and CA can be easily supported. The frequency carrier of the PCell and all the aggregated sidelink CCs share the same synchronization reference, UEs in mode 3 will search the DCIs for sidelink CA in the carrier of the Pcell, and if UE receives a DCI in sub-frame n via Uu, then UE will transmit the PSSCH and associated PSCCH in the subframe n+4 over the indicated sidelink carriers. In this situation, one thing should be clarified is that, the DCIs of a parallel transmission of sidelink CA are not always sent at the same sub-frame over Uu,  if the parallel transmission is at different sub-frames, then the DCIs should be also transmit at different  sub-frames. For example, as shown in Figure 1, both for parallel transmission at the same time and different time case, the n +4 timing is maintained between the DCI and its associated sidelink transmission.
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[bookmark: _Ref21568]Figure 1: Example of sidelink CA in mode 3 for synchronization CCs
Observation 1: For synchronized CCs cases, the design of DCIs and SAs in release 14 can be used for sidelink CA as a baseline.
Non-synchronization CCs Cases
For these cases, the synchronization reference of the PCell and the synchronization reference of the sidelink carriers may not be synchronized, nevertheless, the multiple sidelink carries may also not share the same reference. So, when the UE is receiving a DCI over the primary carrier, a rule should be defined to help the UEs to select the correct transmitting time of the PSCCH and its associated PSSCH on the indicated carrier. This is similar to the discussion in [2] and two possible solutions can be considered, 
Solution 1: Using the timing of the PCell to transmit on the multiple sidelink carriers, as shown in Figure 2.
Solution 2: Using the synchronization reference of the CC for the scheduled sidelink transmission on the CC, as shown in Figure 3.
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[bookmark: _Ref25039]Figure 2: Example of synchronized transmission in mode 3
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[bookmark: _Ref25085]Figure 3: Example of non-synchronized transmission in mode 3
As we discussed in [2], solution 1 may lead to a waste of resources and if the sharing pool between mode 3 and mode 4 is introduced in release 15, it may also cause some sensing problems for this solution. So here we propose:
Proposal 1:  For mode 3, the PSCCH and its associated PSSCH transmission should align with the synchronization reference of the carrier that they are transmitted on.
Some rules should be defined in the specification to determine the transmitting time of each sidelink carriers for non-synchronized CCs cases. To make it simple, these rules can be similar to the synchronized CC cases as shown in Figure 3. For instance, if UE receives a DCI#2 in sub-frame n and the sub-frame boundaries are align with the Uu timing reference,  then the DCI subframe n spans the sub-frame boundaries of the sub-frame m and m+1, and m and m+1are align with the synchronization reference of indicated sidelink carrier #2. After that, the UE should send the sidelink transmission over the indicated sidelink carrier on the sub-frame m+5 according to the synchronization reference of CC#2. 
And same as the synchronization CCs cases, the SAs can be the same as LTE release 14, and the DCIs for sidelink parallel transmission can be sent at the same or different sub-frames.
Observation 2: For non-synchronized CCs cases, the design of DCIs and SAs in release 14 can also be used for sidelink CA as a baseline.
According to the analysis above, the DCIs over Uu and the SCI over PC5 can be the same as release 14, and from this point of view, there is little standardization work required from RAN1 for mode 3. 
Observation 3: The SAs and DCIs for sidelink CA can be the same as the legacy Rel-14. Therefore, there is little standardization work required from RAN1 for sidelink CA in Mode 3.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, the sidelink carriers aggregation in mode 3 was discussed and the following proposal and observations are given.
Observations:
Observation 1: For synchronized CCs cases, the design of DCIs and SAs in release 14 can be used for sidelink CA as a baseline.
Observation 2: For non-synchronized CCs cases, the design of DCIs and SAs in release 14 can also be used for sidelink CA as a baseline.
Observation 3: The SAs and DCIs for sidelink CA can be the same as the legacy Rel-14. Therefore, there is little standardization work required from RAN1 for sidelink CA in Mode 3.
Proposal:
Proposal 1:  For mode 3, the PSCCH and its associated PSSCH transmission should align with the synchronization reference of the carrier that they are transmitted on.
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