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1 Introduction

In RAN1 #91, the following agreements were made for synchronization in case of Sidelink Carrier Aggregation: 
	Agreement
· 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 document, we further discuss synchronization aspect for carrier aggregation for V2X phase 2.

2 Discussion

The discussion in this document is organized as per the offline discussion topics (Topics 3, 4, and 5) in RAN1 #91 as captured in R1-1721247.

· Section 2.1 presents discussion on the selection of synchronization carrier when 2 or more potential carriers are available (i.e. proposals for FFS item from the agreement in RAN1 #91)

· Section 2.2 presents discussion if any enchantments beyond the Rel-14 synchronization procedure (on the selected synchronization carrier) are needed?
· Section 2.3 presents discussion on the assumptions for DFN alignment for all aggregated carriers
2 Selection of synchronization carrier (with 2 or more potential synchronization carriers)

In RAN1 #91, we agreed on the procedure where the higher layers configure the set of carriers that can potentially be used as synchronization carrier when transmitting and/or receiving on a set of carriers configured for V2X CA operation. From the configured set (Set-A), the UE is required to determine a subset (Set-B) of carriers that can be used to serve as the synchronization carrier based on the carriers currently being aggregated at the UE.

The synchronization carrier is then chosen from the set Set-B. When cardinality of Set-B is either 0 or 1, the choice of synchronization carrier is trivial (as already agreed in RAN1# 91). When the cardinality of Set-B is two or more, the choice of synchronization carrier was left as FFS. In this section, we present our proposals for the same.
When two or more potential synchronization carriers are present in Set-B, following options can be considered on selecting the carrier to be used as the synchronization carrier within Set-B:
· Option 1: Up to UE implementation.
· Option 2: Select the synchronization carrier candidate that has the higher priority (request RAN2 to associate priority information with the set of synchronization carrier carriers).
· Option 3: Select the synchronization carrier candidate with the highest priority synchronization reference at the time of selection. Further, perform periodic measurements on other carriers and perform carrier reselection if a higher priority synchronization reference is detected on another carrier.

· Option 4: Select the synchronization carrier candidate with the highest priority synchronization source at the time of selection. Once selected, no synchronization carrier reselection is performed within the set.

Option 1 is the simplest without any specification impact, however, will prevent any system level optimizations (e.g., it may be desired to have higher density of UEs transmitting on certain carrier used for safety messages).
Option 2 is also simple with limited specification impact, and can system level optimizations can be enabled by correct optimization. Further, Option 1 can also be supported in conjunction to Options 1 or 3 or 4, wherein the UE first chooses the set of carriers with the highest priority and then applies either option 1 or 3 or 4 within the highest priority carrier set.

Option 3 is not preferred since it will lead to significant interruptions for most UEs that will not have the ability to perform asynchronous synchronization reference search for multiple carriers, without increasing the reselection time linearly with the number of carriers in Set-B. At the beginning, selection of the carrier with the highest priority synchronization reference will lead to higher lead time in synchronization carrier selection. However, the challenge with Option 3 is to perform inter-frequency synchronization search (including search of asynchronous SyncRef UEs) that will require UE to interrupt the synchronization operation on the selected synchronization carrier, e.g., 160ms every so often as needed to meet the reselection time based on UE implementation. Hence Option 3 is not desired.
Option 4 provides an alternate to Option 3 and avoids significant interruptions to V2X operation for performing inter-frequency synchronization procedures.
In our view, Option 2 is preferred since it readily allows for system level optimization of having high density UEs transmitting SLSS on certain carrier by properly configuring the priority of the synchronization carriers. Furthermore, Option 2 has limited specification impact and we can reuse the Rel-14 synchronization procedures and requirements for the selected carrier.
Proposal 1: If two or more candidate synchronization carriers are available, select the synchronization carrier candidate that has the higher priority.

· Higher layers will configure the set of synchronization carriers and their relative priorities
2 Synchronization procedure 

This section discusses if any enhancements to the release 14 synchronization procedure is needed. Based on the agreements in RAN1 91, the UE is will select one synchronization carrier for Tx/Rx on the configured set of aggregated carriers used for CA. Hence the Rel-14 synchronization procedures can be applied to the selected synchronization carrier.
The question in the offline discussions in RAN1 #91 was if any further enhancements are needed for the CA scenario. In particular, it was discussed whether the UE should perform SLSS transmissions on other candidate synchronization carriers (within Set-B) beyond the selected carrier? 

In our view, no further enchantments are needed. Moreover, SLSS transmissions on candidate synchronization carriers beyond the selected synchronization carrier can have signficatnt performance impacts:

· For UE with limited (e.g., one) Tx chains:

· If the synchronization subframe on the candidate synchronization carriers are aligned, then UE is unable to transmit on both anyways. To transmit on a carrier other than the selected synchronization carrier, the UE will have to drop the SLSS transmission on the selected synchronization carrier that will negatively impact the synchronization performance on the selected carrier.

· If the synchronization subframe on the candidate synchronization carriers are not aligned, then transmitting SLSS on candidate carriers other than the selected synchronization carrier will lead to interruptions (due to Tx chain retuning) and further will increase half-duplex problem (i.e. at least 3 subframes every 160ms with 2 carriers)

· For UEs with spare Tx chain:
· If the synchronization subframe on the candidate synchronization carriers are aligned, then the UE will have to share the power budget between the two (or more) carriers that affects the synchronization performance on all carriers.

· If the synchronization subframe on the candidate synchronization carriers are not aligned, then it will result in increased half-duplex problem (at least 1 subframe every 160ms)

Proposal 2: The Rel-14 synchronization procedure is applied to the selected synchronization carrier. No further enhancements are needed.
2 Assumptions on DFN offset alignment on aggregated carriers

The focus of the CA requirements in Rel-15 is for the case when the aggregated carriers are synchronous. In this context, it was discussed in RAN1 #91 if any of the following assumptions are needed:

a) Synchronization resources are aligned in time across all aggregated CCs.

b) Common DFN offset is used across all aggregated carriers.

For (a): in our view, such an assumption is not needed as we can have synchronous carriers (DFN and subframe boundary aligned) with different synchronization resource configuration for each of the carriers.

For (b): in our view, this assumption is needed since without the same DFN offset the subframe timing is misaligned and we can no longer use a common synchronization source for Tx/Rx. 

Proposal 3: It is assumed that the potential carriers configured for Tx/Rx for CA are configured with the same DFN-offset.

3
Conclusions

In this contribution, we discussed details of synchronization for carrier aggregation for V2X phase 2 we propose: 

Proposal 1: If two or more candidate synchronization carriers are available, select the synchronization carrier candidate that has the higher priority.

· Higher layers will configure the set of synchronization carriers and their relative priorities

Proposal 2: The Rel-14 synchronization procedure is applied to the selected synchronization carrier. No further enhancements are needed.
Proposal 3: It is assumed that the potential carriers configured for Tx/Rx for CA are configured with the same DFN-offset.
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