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Introduction  
In RAN1#94, following agreements on Sidelink Synchronization design issue for NR V2X are made in RAN1 [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



In this contribution, we seek to present our view on the further design aspects for NR V2X synchronization mechanism.
NR V2X SL Synchronization information transmission
In LTE V2X, synchronization information transmission is performed to provide the synchronization information to UEs. It concerns an SLSS and the MIB-SL-V2X message. A UE transmits synchronization information either when eNB configures it to do so by dedicated signaling (i.e. NW based), or when not configured by dedicated signaling (i.e. UE based) and eNB broadcasts (in coverage) or pre-configures a threshold (out of coverage). For NR V2X, similar approach can be considered, except that either eNB or gNB may provide synchronization information to a NR V2X UE as shown in Figure 1.
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[bookmark: _Ref521701885]Figure 1. NR sidelink synchronization information transmission 
Proposal 1:	 Both LTE and NR cell can provide the synchronization information via OSI to a NR V2X UE.

In LTE V2X, SLSS/PSBCH allocation in frequency domain is fixed to the center of carrier. However, since it has been introduced to newly use a wider frequency bands and bandwidth part configurations for a serving cell in Rel-15 NR, NR V2X synchronization should also consider potential multiple SLSS/PSBCH transmissions within a carrier in frequency domain. That means, the frequency position of each SLSS/PSBCH should be provided via system information or pre-configuration to a UE.



[bookmark: _Ref521680640]Figure 2. Example of association between NR OSI and SLSS/PSBCH block for NR V2X
As shown in Figure 2, there is one example related to this aspect assuming NR FDD/SUL band for NR V2X. Once a UE get the corresponding system information for NR V2X communication via e.g. OSI by decoding a cell-defining SSB (CD-SSB) with RMSI in a serving cell, the UE can identify some information of SLSS/PSBCH block (a.k.a. SL-SSB in Figure 2) such as frequency position, the number of SLSS/PSBCH blocks, association to a resource pool (list) and so on. In this example, both UE1 and UE2 who are associated with DL CD-SSB1 obtain system information for NR V2X via e.g. OSI (green arrow in Figure 2) with Cell ID 5, while UE 3 who is associated with DL CD-SSB2 obtains system information of NR V2X via e.g. OSI (blue arrow in Figure 2) with Cell ID 6. Both OSIs or pre-configuration can provide all/part of SLSS/PSBCH block information in a NR V2X carrier. The synchronization information related to SLSS/PSBCH block includes at least SLSSID, frequency/time position, association with resource pool (list). According to the synchronization information, the UEs in a serving cell may select or are configured a desirable SLSS/PSBCH block in a carrier. For the signaling of frequency position of SLSS/PSBCH, there are multiple ways (e.g. relative offset to Point A, lowest PRB of transmission BW or lowest PRB of associated resource pool) similar with defined signaling in NR Uu. Accordingly, RAN1 should define the signaling details with further assessment.
Proposal 2:	Multiple SLSS/PSBCH block (SL-SSB) can be present in a carrier and how to signal the frequency position of each SLSS/PSBCH block in a carrier for NR V2X synchronization should be discussed.

For time domain indication, LTE V2X has specified that the subframe is selected by syncOffsetIndicator provided by system information or pre-configuration depending on synchronization reference selected by a UE. In NR V2X, it should be considered to use the structure of SLSS/PSBCH block burst transmission, in order to support multiple beam transmissions especially for higher frequency band (e.g. above 6GHz), similar with that of Rel-15 NR Uu link. First of all, it is necessary to discuss how to design the SLSS/PSBCH block burst set composition in the burst set window, considering UE mobility/RF capability, latency, reliability and so on. Rel-15 NR DL SSB structure can be a starting point for the discussion of SLSS/PSBCH block design. If necessary, the DL SSB structure may be modified to meet the stringent NR V2X service requirement and SL specific characteristic such as half-duplex constraint. At this stage, it is assumed at least that there are SLSS/PSBCH (SL-SSB) burst transmissions to accommodate the beam sweeping operation for NR V2X, and it needs to define the burst window length and starting offset relative to DFN considering the number of required SLSS/PSBCH blocks, subcarrier spacing, latency, potential multiplexing with NR Uu link, UE power consumption and so on. Our initial view is that it should be configurable to satisfy various NR V2X service requirements and deployment scenarios. As shown in Figure 3, there is one example for both FDD/SUL and TDD assuming 5ms burst window similar with DL SSB burst set. In this example, it is assumed that 30kHz SCS and 8 SL-SSBs (L=8) within a single SL-SSB burst window (e.g. 5ms) in a V2X carrier are configured to a NR V2X UE. If SL-SSB burst set composition is assumed to reuse DL SSB design as much as possible, the SL-SSB burst starting slot may be for example signaled via NR SL-OffsetIndicatorSync with 5ms time unit (i.e. half frame) in a DFN, assuming SL-SSB burst is allocated only in UL slot/symbols. There can be of course the other alternatives such as non-5ms window, floating SL-SSB burst composition and so on. Therefore, we think RAN1 should firstly discuss the feasibility of the DL SSB design into V2X SL-SSB design similar way what RAN1 did in LTE V2X before, and if justified after further evaluation, new or modified SL-SSB structure can be considered for NR V2X synchronization.




[bookmark: _Ref521703364]Figure 3. Example of SLSS/PSBCH block (SL-SSB) burst transmission structure for FDD/SUL and TDD NR V2X
In addition, there would be many detail discussion points such as whether to use flexible slot/symbols on top of UL slot/symbols, actual SL SSB transmission indication among multiple SL SSB candidate positions especially for the unicast/groupcast V2X communication and potential overlapping between DL SSB burst and SL SSB burst in time domain.
Proposal 3:	For SL-SSB burst set composition, it is preferred to reuse NR DL SSB structure as much as possible and if justified some modification can be considered.

NR V2X Synchronization source selection
As we discussed in section 1 and 2, 3GPP LTE and NR networks would be co-operated with the high relationship each other (e.g. via Xn interface) under typical 5G network architecture especially for early phase of the 5G network deployment. In this regard, NR V2X SL communication should be performed under the control of either LTE Uu link or NR Uu link. In synchronization procedure point of view, NR V2X SL UEs can receive for example the NR V2X SL sync information transmission via system information or RRC reconfiguration from either of 3GPP network (NG-RAN) so that NR V2X SL UEs transmit SLSS/PSBCH accordingly. As discussed in last RAN1 meeting, potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE are considering for further study. In our view, once LTE network is considered as a NR SL sync source, LTE V2X UE should also be a NR SL sync source as there are multiple LTE V2X UEs in eNB cell so that same synchronization timing can be shared with the other NR/LTE V2X UEs so that it provides better SL resource coordination/control, performance and less interference to each other. It is also well aligned with the motivation of allowing that LTE eNB can control NR V2X UEs. 
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[bookmark: _Ref521599608]Figure 4. NR V2X Synchronization scenario
[bookmark: _GoBack]As shown in Figure 4, NR cell timing should be additionally considered as new synchronization reference source on top of LTE cell timing and GNSS timing, because NR cell can be asynchronous to the LTE cell and GNSS. Therefore, synchronization source selection for NR V2X should be discussed, focusing on how to accommodate the NR cell timing into existing LTE synchronization source selection as a starting point. The details should be further discussed with the assumption.
Proposal 4:	Synchronization source selection for NR V2X should be discussed with NR cell timing, LTE cell timing and GNSS timing. Further details are FFS.

Conclusion
This contribution discusses the synchronization mechanism for NR V2X and makes the following proposal: 
Proposal 1:	Either LTE or NR cell can provide synchronization information via system information to a NR V2X UE.
Proposal 2:	Multiple SLSS/PSBCH block (SL-SSB) can be present in a carrier and how to signal the frequency position of each SLSS/PSBCH block in a carrier for NR V2X synchronization is FFS.
Proposal 3:	For SL-SSB burst set composition, it is preferred to reuse NR DL SSB structure as much as possible and if justified some modification can be considered. 
Proposal 4:	Synchronization source selection for NR V2X should be discussed with NR cell timing, LTE cell timing and GNSS timing. Further details are FFS.
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