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Introduction
Agreements in RAN1#89 meeting.
Agreement:
1. 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
In the past RAN1#90bis meeting, there are a lot of discussions on the synchronization in sidelink CA, but we were only able to get a working assumption from the transmitting UE perspective.
Work assumption:
2. 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
In this contribution, we will further discuss the issues related to the synchronization of sidelink carrier aggregation. 
Discussion
Synchronization source selection in sidelink CA
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. According to the objectives of the WID on V2X phase 2, the solutions for the new PC5 functionalities, e.g. carrier aggregation, can co-exist in the same resource pools as Rel-14 functionality. In order to support this, it is natural to assume that the same synchronization source will be used for Rel-15 UEs and Rel-14 UEs on the same carrier. 
Observation 1: To support co-existence with Rel-14 UEs, the same synchronization source should be used for Rel-15 UEs and Rel-14 UEs on the same carrier.
So, in our point of view, the synchronization configuration in Rel-15 should be the same as Rel-14, meaning Rel-15 UEs will use the same rules as Rel-14 UEs to select the synchronization source on each component carrier.  According to the discussion, the main concern of using the same synchronization source selection rules for Rel-15 sidelink CA may be that, it may lead to different subframe boundaries and Direct Frame Number (DFN) on different carriers. But in our point of views the per carrier synchronization configuration can be (pre)configured and the same among multiple carriers. In this case, UEs may select the same timing reference with high probability and even the synchronization source is selected independently per carrier.
Propose 1: Per carrier synchronization configuration is reused in Rel-15 and Rel-15 UEs should select synchronization source on each carrier with the same selection rules as Rel-14 UEs.
According to discussions from the last meeting as provided in [2], a working assumption is agreed that a single synchronization reference is used for all aggregated carriers.  In our point view, this working assumption should also take the synchronization selection rules defined in Rel-14 into consideration. So, we propose the following modification to the working assumption for agreement:
Proposal 2:
· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers depending on the synchronization rules defined for Rel-14 UEs.
· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned
Synchronization of the aggregated carriers
In the past RAN1#90bis meeting, the following two synchronization scenarios were discussed for PC5 CA.
· Scenario 1: All aggregated CCs share the same synchronization reference.
· Scenario 2: The aggregated CCs have more than one synchronization reference. 
In our point of view, scenario 2 should also be considered. In Rel-14, there are three main synchronization sources i.e. GNSS, eNB, and SLSS that have been defined and one high probability deployment scenario may be that the GNSS will be the synchronization reference used by Rel-14 UEs in the Intelligent transportation system (ITS) dedicated band and the eNB timing will be used in the license band. 
Observation 2: It may be a high probability deployment scenario that different synchronization reference may be used in different bands.
It means that different synchronization references may be used in different bands for Rel-15 UEs. For scenario 2, the working assumption would not be applicable for the case that different synchronization reference may be used in different bands. Nevertheless, it’s possible that UEs can support two transmission chains/timings. So, in order to not reduce the deployment flexibility, it should be FFS for scenario 2 whether different synchronization references on different bands is supported. 
Proposal 3: FFS whether different synchronization references on different bands is supported, in order to not reduce the deployment flexibility of sidelink CA.
Synchronization signals transmission and reception
In our point of view, the co-existence of Rel-14 and Rel-15 UE should be supported and it is beneficial to transmit the SLSS according to the mechanism defined in Rel-14, e.g. whether UE transmits the SLSS on one aggregated carrier depending on the (pre)configuration on the carrier and UE’s capability. And from the transmitter perspective, there is no need to define anchor carriers or primary carrier for sidelink CA.  But from the receiver perspective, UE can choose to just receive the synchronization signals on one of the aggregated carriers or receive the synchronization signals on all the aggregated carriers, which is dependent on UE’s implementation.
Proposal 4: From the transmitter perspective, UE should use the mechanism defined in Rel-14 to determine whether the SLSS should be transmitted on one aggregated carrier or not. 
Proposal 5: From the receiver perspective, the UE may just receive the SLSS on one of the aggregated carriers or receive the synchronization signals on all the aggregated carriers, which is dependent on UE’s implementation.
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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: To support co-existence with Rel-14 UEs, the same synchronization source should be used for Rel-15 UEs and Rel-14 UEs on the same carrier.
Observation 2: It may be a high probability deployment scenario that different synchronization reference may be used in different bands.
Observation 3: For multiple bands case, it should be FFS for scenario 2 in order to not reduce the deployment flexibility of sidelink CA.
Propose 1: Per carrier synchronization configuration is reused in Rel-15 and Rel-15 UEs should select synchronization source on each carrier with the same selection rules as Rel-14 UEs.
Proposal 2:
· From the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers depending on the synchronization rules defined for Rel-14 UEs.
· When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned
Proposal 3: FFS whether different synchronization references on different bands is supported, in order to not reduce the deployment flexibility of sidelink CA.
Proposal 4: From the transmitter perspective, UE should use the mechanism defined in Rel-14 to determine whether the SLSS should be transmitted on one aggregated carrier or not. 
Proposal 5: From the receiver perspective, the UE may just receive the SLSS on one of the aggregated carriers or receive the synchronization signals on all the aggregated carriers, which is dependent on UE’s implementation.
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