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1 Introduction

In RAN1#94, the following was agreed [1]: 
	Agreements:

· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH

· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE

· Note: this doesn’t mean all of them are to be supported


This contribution will discuss synchronization mechanism for NR V2X including scenarios, synchronization sources, and synchronization source selection rule.
2 Synchronization Mechanism for NR V2X
Scenarios for NR V2X
As shown in Figure 1, there could be various scenarios for NR V2X communication depending on vehicle UEs’ location such as single-cell coverage, multi-cell coverage, partial coverage and out-of-coverage scenarios. Rel-15 NR has lots of flexibility in terms of supporting multiple numerologies including subcarrier spacing (SCS), variable channel structure due to different symbol lengths and number of symbols, two waveforms for UL transmission and so on. So, if all these aspects are directly introduced in NR V2X, it is quite sure that NR V2X synchronization design can be more complicated than LTE V2X.

On the other hand, as described in SID [2], NR V2X communication needs to support FR1 and FR2 and it was argued that NR V2X should support up to 52.6 GHz. Apparently, in such high frequency, hybrid beamforming should be supported to increase NR V2X coverage but it will increase initial acquisition time as compared to LTE V2X because a beam sweeping operation for synchronization is required. Also, as shown in new SID [3], it may be very difficult to install many antennas in vehicles enough to provide beamforming gain and even if specification supports multi-beam operation, it cannot be realized in practice.

NR V2X communication can be performed in a dedicated ITS carrier (e.g., 5.9 GHz unlicensed ITS bands) and an NR licensed carrier (e.g., shared carrier between PC5 and Uu). So, NR V2X synchronization mechanism should be designed for unlicensed and licensed bands and a unified design for both bands would be beneficial from standardization works perspective.

Since there are lots of scenarios as mentioned above, RAN1 has to study first whether or not all of these scenarios should be supported for NR V2X synchronization. Also, RAN1 strives for a unified synchronization mechanism regardless of the scenarios supported in Rel-16 NR V2X.  
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	(a) Single-cell coverage scenario
	(b) Multi-cell coverage scenario
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	(c) Out-of-coverage scenario
	(d) Partial-coverage scenario

	Figure 1: Scenarios for NR V2X synchronization
Observation 1: There are lots of scenarios for NR V2X such as 

· Single-cell coverage, multi-cell coverage, partial coverage and out-of-coverage scenarios

· Not only FR1 but also FR2

· Dedicated ITS bands (unlicensed bands) and shared bands between PC5 and Uu (licensed bands)

· Unicast, groupcast and broadcast communication
Proposal 1: RAN1 studies first whether all of the above NR V2X scenarios are supported or not.

Proposal 2: RAN1 strives for a common synchronization mechanism as much as possible regardless of the scenarios mentioned in Observation 1.


Synchronization channel design

LTE D2D and V2X use the same PSSS/SSSS sequences, i.e., ZC sequence for PSSS and M-sequence for SSSS and the position of the PSSS/SSSS symbols are same in LTE D2D and V2X. Also, for both D2D and V2X, if SLSS ID is smaller than 168, root index 26 is used for PSSS. Otherwise, root index 37 is used. For PSBCH, LTE D2D uses two DMRS symbols per 1ms but it was enhanced to three DMRS symbols per 1ms in LTE V2X to support higher speed than LTE D2D, e.g., a maximum relative speed of up to 280 km/h at 6 GHz carrier frequency in LTE V2X. 
NR has the several key features that are different from LTE: (a) support of multiple numerologies, (b) support of hybrid beamforming architecture and (c) support of different UL waveforms (CP-OFDM and DFT-S-OFDM). So, NR V2X synchronization channel has to be designed with these new NR features while considering implementation complexity and standardization efforts. Details on synchronization channel design will be discussed in our companion document [4].
Synchronization source
In last RAN1#94, it was agreed to study potential synchronization sources such as GNSS, gNB, eNB, NR-UE and LTE-UE but further discussion is needed regarding whether or not all of them are to be supported. Similar to LTE V2X, it is necessary for  NR V2X to support GNSS, gNB and NR-UE as synchronization sources because they serve complementary one to another. However, it is not clear to use eNB or LTE-UE because a UE capable of in-device coexistence between NR sidelink and LTE sidelink can separately handle LTE V2X synchronization mechanism from NR V2X synchronization mechanism. Also, introducing eNB and LTE-UE as synchronization sources will make NR V2X synchronization procedure more complicated. So, if they are to be supported, then a proper usage scenario has to be identified first.
Proposal 3: RAN1 has to identify a proper usage scenario to support eNB and LTE-UE as synchronization sources.
Synchronization source selection
As discussed earlier, it is sufficient to support GNSS, gNB and NR-UE as NR V2X synchronization sources. So, synchronization source selection rules specified in LTE V2X can be reused for NR-V2X with some enhancements considering new NR features different from LTE such as support of multiple numerologies, support of different UL waveforms (CP-OFDM and DFT-S-OFDM) and so on.
Proposal 4: Synchronization source selection rules specified in LTE V2X can be reused for NR V2X.
Session connection for unicast and groupcast
For unicast and groupcast data transmission in PHY layer, a session connection setup between transmitting UE and receiving UE(s) needs to be performed before actual data transmission. As an example of unicast communication, there can be the following three scenarios assuming UEs are within gNB coverage:
1) Both UEs participating in unicast communication are RRC-connected to a same gNB.
2) Two UEs participating in unicast communication are RRC-connected to different gNBs.

3) Both UEs participating in unicast communication are in RRC idle mode.
For Scenario 1), the session connection can be managed by the same gNB in the way that one UE requests a session connection with the other UE to the gNB. However, it is obvious that for Scenario 3), the session connection for unicast data transmission cannot be managed by the gNB. Also, for Scenario 2), it would not be desirable for the gNBs to manage the session connection because some information needs to be shared between the gNBs. The same scenarios apply for groupcast communication (even more complicated). Therefore, RAN1 needs to study how to setup the session connection for unicast and groupcast data transmission without assistance of the gNB. One approach is to use NR RACH procedure and 2-step RACH procedure can also be considered during WI phase.
Proposal 5: RAN1 studies how to setup session connection for unicast and groupcast data transmission without assistance of gNB and NR RACH procedure can be a baseline for the discussion.
3 Conclusion

In this contribution, we have discussed synchronization mechanism for NR V2X including scenarios, synchronization sources, and synchronization source selection rule. The following observation and proposals have been provided:
Observation 1: There are lots of scenarios for NR V2X such as 

· Single-cell coverage, multi-cell coverage, partial coverage and out-of-coverage scenarios

· Not only FR1 but also FR2

· Dedicated ITS bands (unlicensed bands) and shared bands between PC5 and Uu (licensed bands)

· Unicast, groupcast and broadcast communication

Proposal 1: RAN1 studies first whether all of the above NR V2X scenarios are supported or not.
Proposal 2: RAN1 strives for a unified synchronization mechanism as much as possible regardless of the scenarios mentioned in Observation 1.Observation 3: Beam sweeping operation can impact on NR V2X synchronization mechanism.
Proposal 3: RAN1 has to identify a proper usage scenario to support eNB and LTE-UE as synchronization sources.
Proposal 4: Synchronization source selection rules specified in LTE V2X can be reused for NR V2X.
Proposal 5: RAN1 studies how to setup session connection for unicast and groupcast data transmission without assistance of gNB and NR RACH procedure can be a baseline for the discussion.
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