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1. Introduction
The following agreements were made on NR sidelink synchronization in the RAN1 #94b meeting [1]:
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
· Whether a source is supported is for further NR V2X UE capability consideration
· NR V2X sidelink operation includes the following cases:
· NR V2X sidelink is synchronized with LTE V2X sidelink
· NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period
Based on these agreements, we discuss design considerations for NR sidelink synchronization. 

2. Discussion
2.1 Sidelink SS/PBCH
To provide synchronization and master system info for out of coverage vehicle UEs, a vehicle UE under the network coverage may function as a synchronization source (e.g., SyncRef UE) by transmitting synchronization signal burst on sidelink. The synchronization signal burst may be similar to NR SS/PBCH block on the Uu interface, e.g., the synchronization source ID (SL-SSID) is carried on the synchronization signal, as well as the time index of synchronization signal’s block of a synchronization sweeping bursts. gNB may instruct vehicle UE to determine either gNB-based or GNSS-based synchronization. 
For the vehicle UEs in a proximity, if all of them are out of network coverage, then ad hoc synchronization may be performed. Among vehicle UEs of interest in a proximity, at least one vehicle UE may broadcast sidelink synchronization burst (SL SS/PBCH). When an out-of-coverage vehicle UE detects synchronization signal burst transmitted by such a UE, it may acquire synchronization with the UE. 
Therefore, NR V2X SL-SSID needs to be distinguishable for different synchronization sources such as GNSS, gNB, eNB and NR-UE. 
Proposal 1: NR V2X should consider SL-SSID design for difference synchronization reference sources. 
For a synchronization source UE, it may be under the network coverage and may also be out of the network coverage. To support both in-coverage and out-of-coverage synchronization resources, the SSID value range may be divided into two subsets: one for in-coverage and the other for out-of-coverage. The in-coverage subset may be further divided into in-LTE-coverage, in-NR-coverage, and in-GNSS-coverage. The out-of-coverage subset may be further divided into out-of-LTE coverage, out-of-NR coverage, and  out-of-GNSS coverage. 
Proposal 2: NR V2X should study the partition of SL-SSID for in network coverage and out of network coverage synchronization reference sources.
Like NR SS/PBCH, NR sidelink SL SS/PBCH contains Sidelink Primary Synchronization Signal (S-PSS), Secondary Sidelink Synchronization Signal (S-SSS), Physical Sidelink Broadcast Channel (PSBCH), and the Demodulation Reference Signals (DMRS) for PSBCH. The DMRS may be used as a reference for channel estimation and demodulation of the PSBCH, and the measurement of Sidelink Reference Signal Received Power (S-RSRP) by the receiving vehicle/UE. The S-PSS and S-SSS are used for time and frequency reference; together they may carry the sidelink synchronization signal identifier (SL-SSID) for the synchronization reference.  NR PSBCH may carry the sidelink master information block, i.e., MIB-SL-V2X, which may contain the basic sidelink information. 
As shown in Figure 1, there are 4 SL SS/PBCH blocks in a SL SS/PBCH burst as an example, and each SS/PBCH block is transmitted within a half-slot. The transmission periodicity of SL SS/PBCH burst is   slots as shown in this example. If the SL SS/PBSCH burst period is too long, it may cause long searching time for a UE. To enhance the detection probability or to reduce the synchronization searching time for very low latency V2X services, SL SS/PBCH burst period needs to be studied to further reduce the latency of the current NR SS/PBCH burst patterns on down link.    


[bookmark: _Ref528931115]Figure 1 Exemplary NR V2X sidelink synchronization SS/PBCH design  

Proposal 3: NR V2X S-SSB structure, such as number of S-SSBs within a burst and the period of S-SSB burst, need be further studied for very low latency V2X use cases. 

2.2 Resources for SL SS/PBCH
For NR mode 2, a vehicle UE can autonomously transmit SL SS/PBCH in a pre-configured time and frequency resource which may be reserved at a specific or dedicated resource. For flexibility and utilization of SL allocated resources, SL SS/PBCH resources may be allocated in a sub-band which may be fully, partially, or non-overlapped with Uu SS/PBCH in time and frequency for shared carrier scenario. 
As shown in Figure 2, for paired spectrum, SL SS/PBCH can be allocated to a UL frequency band thus UEs under network coverage may not receive SL SS/PBCH. However, this allocation method may sacrifice the utilization of resources allocation.  In addition, for unpaired spectrum, DL and UL are at a same frequency band, and the allocation of SL SS/PBCH resources may be overlapped with Uu SS/PBCH in frequency domain.  To avoid the possible overlapping, SL SS/PBCH and Uu SS/PBCH may be TDMed [2], as shown in Figure 3. However, in this case, SL SPSS/SSSS design has to consider how to reduce the correlation between Uu SS/PBCH and SL SS/PBCH to avoid the timing estimation ambiguity.
Proposal 4: NR should study SL SS/PBCH resource allocation methods especially when sharing the carrier with the Uu interface.  



[bookmark: _Ref494708040]Figure 2 SL SS/PBCH and Uu SS/PBCH are FDMed



[bookmark: _Ref525917797]Figure 3 SL SS/PBCH and Uu SS/PBCH are TDMed

2.3 NR sidelink SPSS/SSSS sequence design consideration 

Like NR PSS/SSS, SL S-PSS/S-SSS may need to carry SL-SSID for indication of synchronization sources, and others[3]. In addition, NR SL S-PSS/S-SSS may need to consider minimizing the correlation between SL S-PSS/S-SSSS and NR PSS/SSS to avoid the timing estimation ambiguity when SL S-PSS/S-SSS and NR SSS/PSS are TDMed on the shared carrier on Uu interface. Therefore, the sequence design for S-PSS/S-SSS needs to be studied, e.g., M-sequence based like the NR PSS/SSS or other sequence such as ZC sequences.    

Proposal 5: NR SL S-PSS/S-SSS sequences need to be studied considering SL-SSID and correlation property.
Proposal 6: The sequence design for SPSS/SSSS can be based on M-sequence as current NR PSS/SSS or consider using other sequences.    


3. Conclusion
In this contribution, we discussed the NR V2X sidelink synchronization design considerations, and we propose the follows.
Proposal 1: NR V2X should consider SL-SSID design for the synchronization reference sources. 
Proposal 2: NR V2X should study the partition of SL-SSID for in network coverage and out of network coverage for the synchronization reference sources. 
Proposal 3: NR V2X S-SSB structure, such as number of S-SSBs within a burst and the period of S-SSB burst, need be further studied for very low latency V2X use cases. 
Proposal 4: NR should study SL SS/PBCH resource allocation methods especially when sharing the carrier with the Uu interface.  
Proposal 5: NR SL S-PSS/S-SSS sequences need to be studied considering SL-SSID and correlation property.
Proposal 6: The sequence design for S-PSS/S-SSS can be based on M-sequence as current NR PSS/SSS or consider using other sequences.    

4. References
[1] [bookmark: _Ref466016400][bookmark: _Ref481762365][bookmark: _Ref528862799][bookmark: _Ref494714909][bookmark: _Ref449465801][bookmark: _Ref471288964]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #94b, Chengdu, China, Oct 8th – 12th, 2018 
[2]  R1-1808814, “Discussion on NR V2X sidelink synchronization”, ETRI, 3GPP TSG RAN WG1 Meeting #94, Gothenburg, Sweden, Aug 20th – 24th, 2018 
[3] [bookmark: _Ref525918490]R1-1808695, “Sidelink synchronization for NR V2X communication”, Intel Corporation, 3GPP TSG RAN WG1 Meeting #94, Gothenburg, Sweden, Aug 20th – 24th, 2018 


1

4

image1.emf
Slot M Slot M+1

0

1

2

3

SL SS/PBCH

Time

SL SS/PBCH

SL SS/PSBCH burst set 1 

0

1

2

3

SL SS/PBCH

SL SS/PBCH

...

SL SS/PSBCH burst set 2

Slot M+P

Slot M+P+1

SL SS/PSBCH burst period: P slots 


Microsoft_Visio_Drawing.vsdx
Slot M
Slot M+1

0
1

2
3
SL SS/PBCH
Freq = B1 RB
Time




SL SS/PBCH
SL SS/PSBCH burst set 1


0
1

2
3
SL SS/PBCH




SL SS/PBCH

...
SL SS/PSBCH burst set 2




Slot M+P
Slot M+P+1

SL SS/PSBCH burst period: P slots



image2.emf
Time

Slot M

...

Slot M+1

SS raster

0 1

2

3

0

1

2

3

SS/PSBCH

SL SS/PSBCH

...


Microsoft_Visio_Drawing1.vsdx



Time
Slot M
...






Slot M+1


SS raster
0
1
2
3







0
1
2
3
SS/PSBCH
SL SS/PSBCH
UL Freq
DL Freq

...



image3.emf
Time

Slot M

...

Slot M+1

SS raster

SS/PSBCH

0 1

2

3

0 1

2

3

0

1

2

3

SS/PSBCH

SL SS/PSBCH


Microsoft_Visio_Drawing2.vsdx



Time
Slot M
...






Slot M+1


SS raster




SS/PSBCH
0
1
2
3

0

1

2

3




0
1
2
3
SS/PSBCH
SL SS/PSBCH
Freq



