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[bookmark: OLE_LINK11]At the RAN1#91 meeting, synchronization was extensively discussed [1], and significant progress was achieved. In this contribution, we discuss the last remaining issues.
Discussion
In order to facilitate the discussion, five topics were identified [1]:
· Topic 1. How to ensure that all the aggregated carriers are synchronous?
· Topic 2. (If and) how to enable using a single synchronization reference for V2X transmission and reception on all aggregated carriers?
· Topic 3. Selection of synchronization carrier
· Topic 4: Once a synchronization carrier is selected, if any enchantments beyond the Rel-14 synchronization procedure (on the selected synchronization carrier) are needed?
· Topic 5: Assumptions on DFN alignment for all aggregated carriers
We discuss each of these individual topics below.
Topic 1: How to ensure that all the aggregated carriers are synchronous?
A lot of progress was achieved on this topic in Reno. 
· 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
· […]
· If this set is non-empty:
· […]
· 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.
· […]
· 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 only FFS remaining is to address what to do when there is more than one potential synchronization carrier, and where the timing is different on these synchronization carriers. Note that this case is anticipated to be a rare case. 
If the UE uses carrier aggregation, a single synchronization reference is used when transmitting. When two synchronization carriers are present with different timings, the consequences can be bad: if two UEs transmit on the same carrier with different timings, they will generate significant interference on each other. Thus, this situation must be avoided. 
One possible way to eliminate the interference is to have a mapping of each carrier to a given synchronization carrier, as shown in Figure 1. In Figure 1, carriers A and B are associated with reference timing 1, and carrier C and D are associated with reference timing C and D.
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Figure 1. Carrier timing organization
Note that such a solution creates limitations. For instance, a UE may not simultaneously transmit on e.g., carriers A and C. However, in our opinion, this is a weak limitation, especially given that this situation of having different timings on different carrier is likely to be very uncommon. Furthermore, protecting the system from interference is more important than being able to use all carriers at the same time.
Proposal 1: when more than one synchronization carrier is present, and when the timing is different on these synchronization carriers:
· Each carrier is associated with a unique synchronization carrier
· A transmitting UE may only aggregate carriers using the same synchronization carriers to obtain their timing
(If and) how to enable using a single synchronization reference for V2X transmission and reception on all aggregated carriers?
From our perspective, all the remaining issues on that topic were addressed in Reno, and no further work is needed in RAN1.
Selection of synchronization carrier
This topic was not discussed online at RAN1#91, but at least the following options are candidates [1]:
· Option 1: Up to UE implementation
· Option 2: If the carriers are associated with priority information for CA operation, select the carrier that has the higher priority for CA operation
· Option 3: Select the carrier with the highest priority synchronization source. Once selected, no carrier reselection is performed within the set.
Note that the selection of synchronization carriers applies in a case as described in Figure 1. If the carriers are synchronized with each other, or only one synchronization carrier is present, the selection of the synchronization carrier is either irrelevant or unnecessary.
Option 3, in light of proposal 1, is limiting: it means that the UE would always use the same subset of carriers for data transmission (either A+B or C+D with the example shown in Figure 1). In our view, this is too limiting, since the UE should have the flexibility to use any carrier, if not at any time. 
Given that some services have higher priority than others, option 2 makes sense. At a given time, depending on the traffic it has, the UE selects the carriers for the higher priority services, assuming that services are mapped to particular carriers. Note however that a UE must take into account the priority when scheduling its data transmission. Thus, even if the synchronization carrier selection is left to the UE, there should be no issue. Consequently, we think that option 1 is enough.
Proposal 2: The synchronization carrier selection is up to the UE implementation
Topic 4: Once a synchronization carrier is selected, if any enchantments beyond the Rel-14 synchronization procedure (on the selected synchronization carrier) are needed?
In our opinion, the Rel-14 synchronization procedure has been extensively tested and has been shown to be reliable. Thus we do not see the need for any further improvement.
The synchronization source type that can be used by Rel-14 UEs is configured and can be eNB, GNSS or another UE. For shared carriers between Rel-14 and Rel-15 UEs, a Rel-15 UE needs to provide synchronization information to Rel-14 UEs. Thus, SLSS needs to be transmitted on all carriers where Rel-14 UEs are potentially present.
Proposal 3:
· No improvement to the Rel-14 synchronization procedure is standardized
· For the sidelink carrier aggregation, the Rel-15 V2X UEs transmit the SLSS/PSBCH on each sidelink carrier according to the rules defined in Rel-14.
Topic 5: Assumptions on DFN alignment for all aggregated carriers
Based on agreements at previous meetings, a common synchronization source is used, both for transmission and reception. Thus, at a given time, a UE transmits on resources that are symbol-aligned. It thus makes sense to use the same DFN timing.
Proposal 4: the same DFN is used across all carriers
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the remaining issues of synchronization for V2X. We propose the following:
Proposal 1: when more than one synchronization carrier is present, and when the timing is different on these synchronization carriers:
· Each carrier is associated with a unique synchronization carrier
· A transmitting UE may only aggregate carriers using the same synchronization carriers to obtain their timing

Proposal 2: The synchronization carrier selection is up to the UE implementation

Proposal 3:
· No improvement to the Rel-14 synchronization procedure is standardized
· For the sidelink carrier aggregation, the Rel-15 V2X UEs transmit the SLSS/PSBCH on each sidelink carrier according to the rules defined in Rel-14.

Proposal 4: the same DFN is used across all carriers
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