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1	Introduction
[bookmark: _GoBack]RAN approved the study item (SI) on NR V2X in [1], where one of the objectives is to study sidelink (SL) synchronization mechanisms for NR V2X, considering in-network coverage, out-of-network coverage and partial network coverage situations.
In this document, we present our views on the design principles of synchronization mechanisms for SL V2X.
[bookmark: _Ref178064866]2	Discussion
In general, there are two main types of synchronization sources -- based on a Global Navigation Satellite System (GNSS) and/or based on the cellular infrastructure (gNB) -- that can be used for supporting NR V2X synchronization. It is possible to configure the prioritized synchronization source type (GNSS or gNB) by using either network configuration or pre-configuration. 
2.1	V2X Synchronization Scenarios
According to the SI, sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered. Therefore, the design of the NR V2X synchronization mechanism should address two scenarios: V2X communication in dedicated ITS bands (e.g., 5.9 GHz) and shared licensed bands.
· To support SL V2X on a dedicated ITS carrier, e.g., 5.9 GHz unlicensed ITS bands, a sidelink synchronization mechanism is needed for providing V2X services in all situations (i.e., with/without network coverage, with/without GNSS coverage, etc.). The synchronization mechanism should be designed such that every UE has the same notion of the synchronization source.
· To support SL V2X on licensed bands, it is important to ensure a good co-existence between sidelink transmissions and cellular (uplink/downlink) transmissions in the shared (i.e. between cellular and sidelink) spectrum and thereby to reduce the risk of uncontrolled interference to cellular transmissions in the same band. Therefore, it is desirable that every UE has the synchronization reference that is compatible with the network.
Like in LTE, it is desirable that a common synchronization framework serves both purposes in NR.
[bookmark: _Toc521491123][bookmark: _Toc521684947]RAN1 studies the SL synchronization mechanisms for V2X operations on dedicated ITS bands and shared licensed bands.
The process of specifying LTE V2X drew the attention of many organization outside 3GPP, including some that promote other V2X communication technologies such as IEEE 802.11p. One aspect that was repeatedly questioned about LTE V2X was the capability of UEs to maintain synchronization when outside GNSS or NW coverage. We believe that this issue deserves attention for NR, too.
[bookmark: _Toc521685040]The capability of UEs to maintain synchronization in all circumstances (e.g., outside      GNSS or NW coverage) is important to ensure the competitiveness of NR sidelink.
To reduce UE complexity and cost, it is desirable that a single design is used, regardless of the carrier frequency. Given the wide range of frequencies under consideration, we believe that RAN1 should establish this as one of its priorities.
[bookmark: _Toc521491124][bookmark: _Toc521684948]Prioritize a single design of the SL synchronization mechanism that can cover all frequencies of interest for V2X communication.
2.2 	Synchronization Sources
In LTE sidelink, three synchronization sources were adopted: GNSS, network, and UE (through SLSS). As we have discussed in Section 2.1, the different scenarios for sidelink operation call for the use of multiple synchronization sources. 
[bookmark: _Toc521491125][bookmark: _Toc521684949]RAN1 considers at least the following three sources of synchronization for NR sidelink: GNSS, network, and UE.
2.3	Synchronization Principles
In LTE, the sidelink synchronization protocol for V2X was designed as an evolution of the sidelink synchronization protocol for ProSe. Although the system works reasonably well, we believe that some modifications of the LTE protocol may be necessary to solve some issues as well as to allow for greater flexibility and forward compatibility. 
In our view, the NR synchronization protocol should follow the following principles (many of which are already encountered in LTE SL):
1. Multiple synchronization references may be defined, each of them associated with a different priority level. 
2. The synchronization protocol strives for having all UEs using the top-priority synchronization reference.
3. A distributed protocol (similarly to the ones using sidelink synchronization signals (SLSS) in LTE) is introduced to propagate higher-priority synchronization references. The protocol allows for unambiguous identification of the synchronization reference and its priority.
4. For licensed carriers, appropriate measures to protect cellular users are introduced, especially to avoid interference from out of coverage UEs with a difference synchronization reference.
5. Forward compatibility is considered in the design. For example, LTE SLSS/PSBCH includes some reserved bits for future use. However, their use is prevented in practice by the fact that the LTE SLSS/PSBCH protocol relies on coherently combining the transmitted signals by different users. 
[bookmark: _Toc521491126][bookmark: _Toc521684950]RAN1 agrees on the above-described synchronization principles for NR SL V2X.
[bookmark: _Ref189046994]3	Conclusions
In this contribution, we have made the following observations:
Observation 1	The capability of UEs to maintain synchronization in all circumstances (e.g., outside      GNSS or NW coverage) is important to ensure the competitiveness of NR sidelink.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 studies the SL synchronization mechanisms for V2X operations on dedicated ITS bands and shared licensed bands.
Proposal 2	Prioritize a single design of the SL synchronization mechanism that can cover all frequencies of interest for V2X communication.
Proposal 3	RAN1 considers at least the following three sources of synchronization for NR sidelink: GNSS, network, and UE.
Proposal 4	RAN1 agrees on the above-described synchronization principles for NR SL V2X.
[bookmark: _In-sequence_SDU_delivery]4	References
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