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Introduction
Agreements in RAN1#91 meeting.
Agreements:
· Higher layers can configure set of carrier(s) (Set-A) that can potentially be used as the synchronization carrier for the potential carriers configured for Tx and Rx for CA
· If this set is empty, Rel-14 independent synchronization is used per carrier
· RAN1 assumes that carriers can only be aggregated in this behaviour if they use the same synchronization reference (e.g. GNSS, or same eNodeB)
· If this set is non-empty:
· Set-A must be a subset of the set of potential carriers configured for Tx and Rx for CA
· Note: this includes the case when Set-A is the same as the set of potential carriers configured for Tx and Rx for CA
· Note: At any given time, the UE may not be capable of reception and/or transmission on one or more of the configured synchronization carriers due to limited Rx and/or Tx chains
· UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating.
· Note: This does not exclude the UE implementation or proper higher layer configuration that allows Set-B to be the same or a subset of Set-A by choosing the carriers its aggregating.
· Within the Set-B of available set of synchronization carriers: 
· If no potential synchronization carrier is present, Rel-14 behaviour of independent synchronization per carrier is assumed.
· If only one potential synchronization carrier is present, UE shall use derive time/frequency of all the aggregated carriers from the synchronization reference of the synchronization carrier.
· If two or more potential synchronization carriers are present, FFS how the UE selects one of the carrier to be used as the synchronization carrier.
· The following working assumption is confirmed in the context of this agreement
· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers
· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned
· Working assumption: From the receiving UE perspective, a single synchronization reference is used for reception of all aggregated carriers
· This does not preclude UE to monitor different synchronization sources on the different carriers
· Note that the terminology used in this agreement (e.g. synchronization carrier, Set-A, Set-B) are limited to this agreement.
In this contribution, we will further discuss the issues related to the synchronization of sidelink carrier aggregation. 
Discussion
Synchronization reference for CA reception
According to the agreement of RAN1#91 meeting, from the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers.  In our view point, this can also be applied to the receiver side, so we propose to confirm the working assumption for agreement:
Proposal 1: Confirm the WA of last meeting:
From the receiving UE perspective, a single synchronization reference is used for reception of all aggregated carriers
· This does not preclude UE to monitor different synchronization sources on the different carriers
Synchronization carriers and carrier selection
 As the agreement of last meeting, a set of synchronization carriers, denoted as Set-A, may be configured by the higher layer, and the UE determines the available set of synchronization carriers (Set-B) as the subset of Set-A based on the carriers which the UE is currently aggregating, i.e. Set-B is an interaction of Set-A and the set of carriers which the UE is currently aggregating. And the carriers which the UE is currently aggregating should be selected within the potential carriers configured for Tx and Rx for CA. From the analysis above, it can be seen that the carrier selection result may affect the determination of Set-B and also affect the selection of synchronization reference of the aggregating carriers.
Observation 1: UE’s carrier selection would affect the determination of Set-B and the determination of the synchronization reference of aggregating carriers.
The influence of carrier selection to synchronization may also cause some problems and some instances of this behavior are shown below to describe these problems.
Instance 1:
Assuming that carriers #1,#2,#3,#4,#5,#6 are configured as the potential carriers for Tx and Rx for CA and carriers #2,#3 are configured as the potential synchronization carriers, denoted as Set-A. And all the UEs are configured with the same potential carriers for Tx and Rx for CA and Set-A. Since carrier selection is performed by each UE independently, it may result in different UEs selecting different carriers for aggregating. For example, the carriers which UE-1 is currently aggregating are #1,#3,#4 and according to the agreement, Set-B only contains carrier #3 and the synchronization reference of carrier #3 will be used for carriers #1,#3,#4 for UE-1, but for UE-2, it may choose to aggregate  carriers #1,#2,#4, then the synchronization reference of carrier #2 will be used for carriers #1,#2,#4 for UE-2. This leads to the problem that different UEs may use different synchronization references on the same carriers, e.g. for carriers #1,#4 in this instance.
Observation 2: Due to UEs’ independent carrier selection, UEs select different Set-B or synchronization carriers may use different synchronization references on the same carriers
Instance 2:
Same assumption as instance 1, carriers #1,#2,#3,#4,#5,#6 are configured as the potential carriers for Tx and Rx for CA, and carriers #2,#3 are configured as the potential synchronization carriers, denote as Set-A. And all the UEs are configured with the same potential carriers for Tx and Rx for CA and Set-A. 
The UE may do carrier re-selection in some cases. For example, when the channel busy ratio (CBR) on the aggregated carriers are changed or when the supported services are changed. If at time-point T1, the carriers which UE-1 selected are #1,#3,#4,  then the synchronization reference of carrier #3 will be used for carriers #1,#3,#4 for UE-1. But at time-point T2, Tx carrier re-selection is performed by UE-1, if the new aggregated carriers are #1,#2,#4, then the synchronization reference of carrier #2 will be used for #1,#2,#4 . So, at the different time instances, the same UE may use different synchronization reference on the same carriers(#1,#4).
Observation 3: Due to UE’s carrier re-selection, UE may select different synchronization carriers in different time instances and the same UE may use different synchronization references on the same carriers at different time instances.
According to the agreement, Set-A can be configured as empty and Rel-14 independent synchronization is used per carrier. In V2X Rel-14, the synchronization configurations are (pre)configured per carrier and UEs select their synchronization reference source per carrier depending on the availability and (pre)configured priorities.  In this case, RAN1 assumes that carriers can only be aggregated if they use the same synchronization reference (e.g. GNSS, or same eNodeB). With this assumption, the problems caused by carrier selection does not exist for empty Set-A case. 
Observation 4: When Set-A is configured as empty, the UE can only aggregate the carriers using the same synchronization reference and the problems caused by carrier selection does not exist in this case.
To resolve the problems caused by carrier selection and re-selection, one possible solution is to set some constraints on the UE’s carrier selection. As we discussed above, for empty Set-A case, the constraint has been agreed for this case, that is RAN1 assumes that carriers can only be aggregated if they use the same synchronization reference (e.g. GNSS, or same eNodeB). And here we will further discuss the constraint for the non-empty Set-A case. In our point of view, the per carrier synchronization configuration in Rel-14 would be used in Rel-15 and to align the subframe boundaries and DFN on different carriers, it is better for the UE to select the carriers with the same synchronization configuration as its aggregating carriers. In this case, different UEs would select the same timing reference with high probability and the problems caused by carrier selection will also be resolved.
Proposal 2: For the non-empty Set-A case, RAN1 assumes that carriers can only be aggregated if they have the same synchronization configuration (e.g. same synchronization priority configuration).
Synchronization signals transmission and reception
According to the agreement, for the cases where no potential synchronization carrier is present in the carriers which the UE is currently aggregating, the Rel-14 behavior of independent synchronization per carrier is assumed. In our point of view, the co-existence of Rel-14 and Rel-15 UEs should be supported and it is beneficial to transmit the SLSS according to the mechanism defined in Rel-14 for the cases where there is no potential synchronization carrier present. 
Furthermore, we need to address whether/how the UE transmits the SLSS on one aggregated carrier depending on the (pre)configuration on the carrier and UE’s capability. According to the agreement, if Set-B is non-empty and one of the carriers is selected from Set-B to be used as the synchronization carrier, then the UE shall use derive time/frequency of all the aggregated carriers from the synchronization reference of the selected synchronization carrier. In this case, the SLSS should be sent in the selected synchronization carrier.   But from the receiver perspective, the UE can choose to just receive the synchronization signals on the synchronization carrier if it is present or receive the synchronization signals on all the aggregated carriers, which is dependent on the UE’s implementation.
Proposal 3: Based on the carriers which the UE is currently aggregating, the SLSS should be transmitted on the synchronization carrier if the synchronization carrier is present. Otherwise, the UE should use the mechanism defined in Rel-14 to determine whether/how the SLSS is transmitted on the aggregated carriers. 
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In this paper, the synchronization problems of PC5 carriers’ aggregation were discussed and the following proposals and observations are given:
Observation 1: UE’s carrier selection would affect the determination of Set-B and the determination of the synchronization reference of aggregating carriers.
Observation 2: Due to UEs’ independent carrier selection, UEs select different Set-B or synchronization carriers may use different synchronization references on the same carriers
Observation 3: Due to UE’s carrier re-selection, UE may select different synchronization carriers in different time instances and the same UE may use different synchronization references on the same carriers at different time instances.
Observation 4: When Set-A is configured as empty, the UE can only aggregate the carriers using the same synchronization reference and the problems caused by carrier selection does not exist in this case.
Proposal 1: Confirm the WA of last meeting:
From the receiving UE perspective, a single synchronization reference is used for reception of all aggregated carriers
· This does not preclude UE to monitor different synchronization sources on the different carriers
Proposal 2: For the non-empty Set-A case, RAN1 assumes that carriers can only be aggregated if they have the same synchronization configuration (e.g. same synchronization priority configuration).
Proposal 3: Based on the carriers which the UE is currently aggregating, the SLSS should be transmitted on the synchronization carrier if the synchronization carrier is present. Otherwise, the UE should use the mechanism defined in Rel-14 to determine whether/how the SLSS is transmitted on the aggregated carriers. 
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