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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]

a) Carrier aggregation (up to 8 PC5 carriers);


In this contribution, we discuss synchronization aspects to support sidelink carrier aggregation with up to 8 PC5 carriers. Our views on other V2V enhancements are provided in our companion contributions [2]-[11].
2 Synchronization Aspects of Sidelink Carrier Aggregation
In LTE R14, three types of synchronization sources GNSS, eNB and UE (deriving timing from GNSS, eNB, other UEs) can be used for sidelink synchronization on V2V carrier. The support of SLSS based synchronization is up to UE capability, The V2X capable UE is expected to support at least GNSS and eNB as a synchronization reference.

In case of using multiple sidelink component carriers, the synchronization across sidelink component carrier needs to be discussed. In general case, synchronized and non-synchronized sidelink component carriers may exist. However from practical stand point of view, the benefits of having non-synchronized component carriers are not clear. In addition, non-synchronized carriers will have higher impact on UE implementation complexity.
2.1 Synchronized Sidelink Component Carriers

For multi-carrier sidelink operation, it is beneficial to synchronize all sidelink CCs. It can simplify UE implementation and improve the overall system performance including spectrum efficiency, reliability and peak rate of sidelink V2V communication. For synchronized sidelink component carries, common timing reference and synchronization source priority rules should be used across multiple sidelink CCs. The common sync reference (e.g. GNSS) can be used to provide synchronization in time and frequency for all CCs.
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Figure 1: Common synchronization reference across multiple sidelink CCs.

In general, the functionality to enable synchronized component carriers by means of GNSS is already in place in R14, where predefined absolute time is used to determine DFN offset with respect to UTC timing reference. The same behaviour is applicable to eNB type of synchronization, where given Uu carrier can be used as a reference for all sidelink component carriers. For SLSS based synchronization, the synchronization resources can be potentially configured on all sidelink component carriers, however if UE support multiple RX chains transmission of SLSS on multiple component carriers is not needed if anchor sidelink component carrier is defined. The anchor sidelink CC can provide SLSS based synchronization across a group of CCs, while other sidelink CCs may not have allocated synchronization resources.
In general common DFN offset can be defined across multiple component carriers. In this case subframe boundaries will be automatically aligned across all sidelink component carriers. In case if DFN offset is configured per component carrier the subframe boundary alignment should be preserved to reduce implementation complexity and cost, so that different parts of processing hardware can be reused.
Proposal 1
· Common synchronization source and synchronization source selection rules are used for sidelink CCs.
· Synchronous sidelink CCs are aligned in time at subframe boundaries.
· FFS if common DFN offset or CC specific DFN offset is defined.
· Introduce anchor sidelink CC(s) to provide SLSS based synchronization for group of synchronous sidelink CCs.
· If multiple anchor component carriers are defined the same transmit timing is used at all component carriers (i.e. aligned subframe boundaries).

2.2 Non-synchronized Sidelink Component Carriers

The benefits of having non-synchronized CCs are not evident and need to be justified. The support of sidelink CCs using different synchronization references and potentially synchronization source priority rules needs further analysis, since in general will lead to increased UE cost and system complexity without clear technical advantage.
3 Summary

In this contribution, we provided our views on main design aspects that should be considered for support of sidelink (PC5) carrier aggregation for V2V communication. We have discussed L1 aspects relevant to cross-CCs scheduling, sensing and resource selection as well as possibility to have CCs with different physical structures. In addition, given that large number of CCs can be available, it make sense to share resources of CCs among different V2X services for efficient use of spectrum resources. However, in this case the UE behavior in terms of carrier selection for delivery of given service needs to be discussed, especially considering congestion control and load balancing across CCs. Therefore, based on the discussion, we have the following set of proposals:

Proposal 1

· Common synchronization source and synchronization source selection rules are used for sidelink CCs.
· Synchronous sidelink CCs are aligned in time at subframe boundaries.
· FFS if common DFN offset or CC specific DFN offset is defined.
· Introduce anchor sidelink CC(s) to provide SLSS based synchronization for group of synchronous sidelink CCs.
· If multiple anchor component carriers are defined the same transmit timing is used at all component carriers (i.e. aligned subframe boundaries).
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