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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	The detailed objectives of this work item are as follows:

1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

· Carrier aggregation (up to 8 PC5 carriers);


At the RAN1#92, the synchronization aspects for sidelink carrier aggregation were discussed in details and many agreements were made by RAN1 WG:

	RAN1#92 Agreements
· Working assumption is confirmed that, from the perspective of the receiving UE, a single synchronization reference is used for reception of all aggregated carriers at a given time.

· If two or more potential synchronization carriers are present in Set-B, select the carrier in Set-B with highest Rel-14 priority sync reference. Carrier is not reselected unless synchronization is lost. Rel-14 procedure applies to the selected carrier.

· A UE may assume that the configuration for sync reference priority is the same across all aggregated carriers in CA.
· It is RAN1 understanding that the DFN value is common to all aggregated carriers.

· RAN1 assumes that the DFN offset value is common to all aggregated carriers from a UE point of view.

· UE may assume number and location of SLSS resources is the same in all the aggregated carriers.

· RAN1 assumes a UE may be configured a non-synchronization carrier by defining the location of the SLSS resources and by configuring the UE to not transmit SLSS on that carrier.

· Check until RAN1#92bis whether the existing signaling is sufficient for this

· FFS how to ensure the above when using pre-configuration.

Working Assumption:

· The UE is configured one of the following options:

1. SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B

2. SLSS is transmitted on all carriers from Set-B

· FFS until RAN1#92bis: how to handle limited TX capabilities (within the constraint that SLSS must at least be transmitted on the selected sync carrier), and details such as SLSS id, PSBCH contents, etc.

· Each option is an independent UE capability

· On top of this, Release-14 configuration applies to each carrier individually

· After conclusion on the above FFS point, consider whether it is possible to downselect between the two options.


In this contribution, we discuss remaining synchronization aspects to support sidelink carrier aggregation. Our views on other V2V enhancements are provided in our companion contributions [3]-[7].
2 Synchronization Carrier(s) for Sidelink CA
It was agreed that for sidelink CA, the synchronization carriers can be represented by two sets: Set-A (set of potential sync carriers) and Set-B (subset of sync carriers determined by UE based on aggregated CCs). Therefore, we foresee the following behaviors from system and UE perspective respectively:
System perspective:

· Set A is a null set. In this case, there is no system wide SLSS based synchronization for the purpose of sidelink CA. The GNSS or eNB based synchronization can be still supported for sidelink CA.

· Set A has one CC. In this case, SLSS based synchronization can be used for sidelink CA, if this carrier is the one of the CCs that UE is aggregating. Depending on the set of aggregated CCs, UE may or may not be able to use SLSS synchronization for sidelink CA. GNSS or eNB synchronization references can be used for sidelink CA.

· Set A has more than one CCs. In this case, SLSS synchronization can be used for sidelink CA, if at least one CC from set A is the carrier that UE is aggregating. Depending on the set of aggregated CCs, UE may or may not be able to use SLSS based synchronization for sidelink CA. GNSS or eNB synchronization references can be used for sidelink CA.

UE perspective:
· Set B is a null set. If no potential synchronization carrier is present, Rel-14 behavior of independent synchronization per carrier is assumed.

· Set B has one CC. If only one potential synchronization carrier is present, UE can derive time/frequency of all the aggregated carriers from the synchronization reference carrier, following Rel-14 procedure of synchronization source selection.
· Set B has more than one CCs. If two or more potential synchronization carriers are present, UE selects one of the carrier to be used as the synchronization carrier following Rel-14 synchronization procedure.
2.1 Selection of Single Synchronization Reference

At the last meeting, it was agreed that “If two or more potential synchronization carriers are present in Set-B, UE selects the carrier in Set-B with the highest Rel-14 priority sync reference. Carrier is not reselected unless synchronization is lost. Rel-14 procedure applies to the selected carrier”.

In our view, this agreement requires minor clarifications. At first, the tie breaking rule needs to be clarified in case if two or more carriers in Set-B have the same sync source priority. If it happens, UE can apply SLSS RSRP criteria to select synchronization carrier. The 2nd clarification relates to UEs with multiple RX chains that are capable to monitor SLSS on multiple CCs. In this case, the agreement that “carrier is not reselected unless synchronization is lost” becomes too restrictive. In particular, UEs that monitor multiple CCs for SLSS sync sources, may be able to reselect sync carrier, if the higher priority sync source is detected. In order to be consistent with current agreement, it may be left up to UE implementation whether to reselect synchronization carrier or not in such scenario. Another aspect that need to be clarified is the interpretation of the statement “synchronization is lost”. There may be different interpretations of that statement - one interpretation is that synchronization with SLSS propagating timing from either GNSS or network is lost. Another interpretation is that SLSS based synchronization is lost including synchronization with independent synchronization sources. One more interpretation is that synchronization with selected SLSS synchronization source is lost. Depending on interpretation there may be different understandings on time instance when UE can trigger reselection of synchronization carrier and whether UE can propagate timing from independent synchronization sources across aggregated CCs being unaware about SLSS sync source priorities on other synchronization carriers within Set-B.
Proposal 1
· If UE detects two or more sync CCs with the same sync source priority, then SLSS RSRP criteria is used for selection of the synchronization carrier.
· For UEs monitoring SLSS across multiple CCs (i.e. UEs with such capability), it is left up to UE implementation whether to re-select sync CC, if SLSS sync source with the higher priority is detected on other sync CC.
· Clarify that “synchronization is lost” means that UE has lost SLSS timing propagated from network or GNSS.

· UE triggers sync carrier re-selection when SLSS synchronization propagating timing from GNSS and network is lost.

Independently of the actual meaning of “synchronization is lost”, we think it needs to be separately discussed whether timing from independent synchronization source can be propagated across aggregated CCs and how much time UE can propagate timing without triggering reselection of sidelink synchronization carrier. In general, all these complexities come from the fact that multiple sync carriers can be configured. Therefore, we see the need to introduce sync carrier reselection timer that will trigger sync carrier (re)-selection process if UE serves as an independent synchronization source for a long time or propagates timing from independent synchronization source.

Proposal 2
· Introduce timer to trigger sync carrier reselection when UE serves as an independent synchronization source or propagates timing from independent synchronization source.

2.2 Synchronization Resource Allocation

At the previous RAN1 WG meeting, it was agreed that UE may be configured a non-synchronization carrier by defining the location of the SLSS resources and by configuring the UE to not transmit SLSS on that carrier. It was not clear whether existing signaling is sufficient or not.
The main motivation behind additional signaling is that configuration of synchronization resources on a given carrier means that carrier can be used for SLSS transmission/reception. This is clearly not the intended behavior. On the other hand, RAN1 already discussed Set-A and Set-B synchronization CCs, as well as a set of potential aggregated CCs. Our understanding is that Set-A CCs should be indicated by higher layers, making UE aware about available set of synchronization CCs. In this case, configuration of sync resources and configuration of Set-A sync carriers can be sufficient to derive which carriers are non-synchronization carriers. In general, we think that specific signaling details to enable intended UE behavior can be left up to RAN2 WG discussion.
Proposal 3
· Define additional signaling to indicate non-synchronization CCs containing synchronization resources.
· RAN1 WG informs RAN2 WG on the intended behavior while leaving definition of exact signaling up to RAN2. 

2.3 Sidelink Synchronization Aspects from TX Perspective

At the previous RAN1 meeting, the following working assumption was made:

· The UE is configured one of the following options:

· Option 1. SLSS is transmitted (based on Rel-14 procedure) on selected sync carrier from Set-B

· Option 2. SLSS is transmitted on all carriers from Set-B

· FFS until RAN1#92bis: how to handle limited TX capabilities (within the constraint that SLSS must at least be transmitted on the selected sync carrier), and details such as SLSS id, PSBCH contents, etc.

The following motivations were mentioned in favor of Option 2 (SLSS is transmitted on all carriers of Set-B):

· Backward compatibility. Provide sync reference to R14 UEs which are not expected to propagate synchronization among CCs and thus may suffer from the lack/reduced amount of SLSS transmissions on certain carriers.
· Interference protection. The underlying assumption here is that UEs have different references on different carriers that may lead to interference. 
The following drawbacks of adopting Option 2 were identified:
· UEs may need to split TX power budget for SLSS transmission across multiple CCs, reducing SLSS link budget on each CC. In addition, UEs may need to apply MPR offset that can further reduce SLSS link budget.

· SLSS transmission behavior needs to be discussed for UEs with and w/o TX capability limitations.
UEs with TX Capability Constraints
Let’s consider scenario where number of UE TX chains (NTX) is less than the number of synchronization carriers (NSYNC), and amount of supported RX CCs (NRX) is the same or exceeds number of synchronization carriers in Set-B (i.e. NRX ≥ NSYNC > NTX). In this case, there are following open questions:

1) What is the UE behavior for SLSS transmission across NSYNC CCs?

2) Whether UE can receive SLSS on one out of NSYNC CCs and transmit SLSS on another CC out of NSYNC CCs?

3) Whether UE is expected to transmit SLSS on one or NTX CCs out of NSYNC CCs or transmit SLSS transmission on all NSYNC CCs in time interlaced manner?
It should be noted that UE with limited TX chain capabilities may need to switch TX chain in order to transmit SLSS. The retuning of TX chain for SLSS transmission on another CC may be in conflict with parallel PSCCH/PSSCH transmission on a given carrier (depending on switching time). In this case, prioritization of PSCCH/PSSCH over SLSS/PSBCH transmission on synchronization carrier need to be discussed. In general, UE can transmit SLSS only on component carrier(s) with active PSCCH/PSSCH transmissions and do not switch TX chain solely for SLSS transmission on aggregated CCs. Selection of CCs for SLSS transmission can be left up to UE implementation. An alternative way is to enable interlaced transmission of SLSS transmission across all Set-B CCs. However, this approach is more complicated and will require definition of UE behavior in terms of SLSS transmission across CCs. 
Proposal 4
· In case of limited TX capabilities (i.e. NTX < NSYNC ≤ NRX, where NSYNC number of Set-B CCs)
· UE is not expected to transmit SLSS/PSBCH outside of Set-B CCs;
· UE autonomously selects sub-set of Set-B CCs (including single CC) for SLSS transmission (i.e. UE is not mandated to transmit SLSS across all CCs of Set-B).

· In case of limited TX capabilities, selection of CC(s) for SLSS transmission is left up to UE implementation.
· CC(s) for SLSS transmission can be different from the CC selected as SLSS synchronization reference.

· At least one CC from Set-B is used for SLSS transmission, subject to UE SLSS TX/RX capability.

UEs w/o TX Capability Constraints
If UE is not constrained by TX capability, it can support both options. From receiver implementation perspective, Option 1 is a preferred design choice due to simplicity. However, if it is difficult to down-select among two options due to diverse views, then for Option 2, UE should not be mandated to transmit SLSS on component carriers where UE does not transmit PSCCH/PSSCH.

Proposal 5
· UE with NTX ≥ NSYNC is not mandated to transmit SLSS on Set-B CCs, where UE does not transmit PSCCH/PSSCH.

PSBCH Content/SLSS ID
In case of sidelink CA operation, physical structure and at least part of PSBCH content (DFN and InC fields), as well as SLSS ID may be aligned across aggregated CCs. This is consistent with the agreement that amount of synchronization resources and their location are the same across aggregated CCs. There may be a need for additional indication whether given PSBCH/SLSS is applicable for sidelink CA and thus synchronization can be propagated across CCs. This indication may be needed in order to avoid wrong propagation of the R14 timing across aggregated CCs (given that R14 sidelink synchronization procedure is running independently per each CC and each CC may potentially have different amount of synchronization resources, different sync source priority rules, different timing, etc.). In general, it is possible to align synchronization configuration among R14 and R15 UEs, however at least for out of coverage operation it seems that additional indication is desirable.
Proposal 6
· Further discuss if PSBCH should indicate whether its timing can be propagated across CCs for sidelink carrier aggregation.
· Reserved bit can be used to indicate if given SLSS/PSBCH transmission can be used for sidelink CA operation (i.e. timing propagation across CCs).
· The R14 PSBCH content and PSBCH/SLSS forwarding behavior are reused across aggregated CCs.

· In case of sidelink CA,
· The same SLSS ID is assigned/used for SLSS transmission across all aggregated CCs.
· The SLSS ID is propagated across aggregated CCs according to R14 procedure.
· The R14 procedure is extended to propagate PSBCH content across CCs, where DFN and InC fields are directly derived from the PSBCH reference synchronization source of selected synchronization carrier, while preconfigured values are used for BW and TDD configuration fields.
3 Summary

In this contribution, we provided our views on remaining details of sidelink synchronization for sidelink mode-4 CA operation. We discussed aspects relevant to selection of sidelink synchronization carrier and possibility to reuse R14 synchronization procedure. Finally we analyzed impact on UE behavior for SLSS transmission across CCs, when UE has reduced TX capabilities. Based on discussion, we have following set of proposals:
Proposal 1
· If UE detects two or more sync CCs with the same sync source priority, then SLSS RSRP criteria is used for selection of the synchronization carrier.

· For UEs monitoring SLSS across multiple CCs (i.e. UEs with such capability), it is left up to UE implementation whether to re-select sync CC, if SLSS sync source with the higher priority is detected on other sync CC.
· Clarify that “synchronization is lost” means that UE has lost SLSS timing propagated from network or GNSS.

· UE triggers sync carrier re-selection when SLSS synchronization propagating timing from GNSS and network is lost.

Proposal 2
· Introduce timer to trigger sync carrier reselection when UE serves as an independent synchronization source or propagates timing from independent synchronization source.

Proposal 3
· Define additional signaling to indicate non-synchronization CCs containing synchronization resources.

· RAN1 WG informs RAN2 WG on the intended behavior while leaving definition of exact signaling up to RAN2. 

Proposal 4
· In case of limited TX capabilities (i.e. NTX < NSYNC ≤ NRX, where NSYNC number of Set-B CCs)
· UE is not expected to transmit SLSS/PSBCH outside of Set-B CCs;

· UE autonomously selects sub-set of Set-B CCs (including single CC) for SLSS transmission (i.e. UE is not mandated to transmit SLSS across all CCs of Set-B).

· In case of limited TX capabilities, selection of CC(s) for SLSS transmission is left up to UE implementation.

· CC(s) for SLSS transmission can be different from the CC selected as SLSS synchronization reference.

· At least one CC from Set-B is used for SLSS transmission, subject to UE SLSS TX/RX capability.

Proposal 5

· UE with NTX ≥ NSYNC is not mandated to transmit SLSS on Set-B CCs, where UE does not transmit PSCCH/PSSCH.

Proposal 6

· Further discuss if PSBCH should indicate whether its timing can be propagated across CCs for sidelink carrier aggregation.

· Reserved bit can be used to indicate if given SLSS/PSBCH transmission can be used for sidelink CA operation (i.e. timing propagation across CCs).
· The R14 PSBCH content and PSBCH/SLSS forwarding behavior are reused across aggregated CCs.

· In case of sidelink CA,
· The same SLSS ID is assigned/used for SLSS transmission across all aggregated CCs.
· The SLSS ID is propagated across aggregated CCs according to R14 procedure.
· The R14 procedure is extended to propagate PSBCH content across CCs, where DFN and InC fields are directly derived from the PSBCH reference synchronization source of selected synchronization carrier, while preconfigured values are used for BW and TDD configuration fields.
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