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In this contribution, we provide our views on several open issues related to S-SSB design and synchronization procedure based on the feature lead summary in RAN1#AH1901 meeting. 
PSS/SSS in S-SSB
Typically, the design target of S-SSB should take into account the coverage, the correlation property of the sequences as well as the feasibility of reusing NR uu interface hardware for S-SSB implementation. From the correlation properties perspective, there has been extensive studies and conclusions for NR PSS/SSS sequences so that they can be reused for S-SSB design. For the feasibility of reusing NR uu interface hardware for S-SSB implementation, it is important for the fast and low-cost implementation of NR V2X.
Proposal 1: S-SSB design should take into account the coverage, the correlation property of the sequences and the feasibility of reusing NR uu interface hardware.
Further, in RAN1#AH1901 meeting, it has been agreed as below for S-SSB design and evaluation:  
	Agreements:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
· Companies to report detailed assumptions e.g. the detection method/probability/etc. for the target SINR
Agreements:
For the evaluation at next meeting, sequence length of  S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
· Other sequence lengths are not precluded
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  




To achieve the same or better performance than LTE V2X with S-SSB over 6 RBs, at most 12 RBs can be used for NR V2X SSB based on the link budget. For PSS/SSS, even though LTE has the narrow bandwidth for more power boosting, the longer sequence length (127 vs. 63) can provide the better correlation performance. In total, the coverage considering the link budget and received SINR will be same. The link budget analysis has been provided in Table 1 and the required SINRs for one-shot detection (NR vs. LTE) are provided in Figure 1.
As shown in Figure 1 with different channels, the PSS/SSS detection performance for NR V2X (based on NR PSS/SSS) can be 3dB better than LTE V2X (based on LTE PSS/SSS) for one-shot detection. With the same number of repetition, the gain is expected to be same. Further considering the 3dB link budget difference due to the different bandwidth (12 RBs in NR V2X vs. 6 RBs in LTE V2X) under the same Tx/Rx configuration, the overall performance for NR V2X and LTE V2X are expected to be same. Further, to secure the power boosting gain for PSS/SSS, there should be no FDM multiplexing between PSS/SSS and other signals/channels, similar to LTE V2X. However, for PBCH, there are still 3dB performance difference based on the link budget analysis. 
	




 
Table 1. The communication range vs. the corresponding SINR level
	Parameters
	Description
	Freeway NLOSv scenario

	
	
	LTE V2X PSS/SSS/PBCH
6 RBs@15khz
	NR 
PSS/SSS
12RBs@15khz
	NR PBCH
12RBs@15khz

	Common Paras
	D
	ISD[m]
	1000
	1000
	1000

	
	f
	Frequency[GHz]
	6
	6
	6

	
	BW
	Bandwidth[MHz]
	1.08
	2.16
	2.16

	Vehicle Tx Paras
	Gt_e
	Max Tx element gain[dBi]
	3
	3
	3

	
	Nt
	Tx #elements
	1
	1
	1

	
	Gt
	Tx antenna gain[dB]
	3
	3
	3

	Channel Paras
	A
	Prop-A
	20
	20
	20

	
	B
	Prop-B
	32.4
	32.4
	32.4

	
	G
	Prop-G
	20
	20
	20

	
	PL
	Pathloss[dB]
	-108.0 
	-108.0 
	-108.0 

	
	BL
	Block[dB]
	-12.5
	-12.5
	-12.5

	
	S
	Shadowing[dB]
	-3
	-3
	-3

	Vehicle Rx Paras
	Gr_e
	Max Rx element gain[dB]
	3
	3
	3

	
	Nr
	Rx #elements
	2
	2
	2

	
	Gr
	Rx antenna gain[dB]
	6
	6
	6

	Loss
	Gp
	Isotropic gain[dB]
	-123.5 
	-123.5 
	-123.5 

	
	Gc
	Coupling gain[dB]
	-114.5 
	-114.5 
	-114.5 

	Power related Paras
	Pt
	Tx power[dBm]
	23
	23
	23

	
	Pr
	Received power[dBm]
	-91.5 
	-91.5 
	-91.5 

	
	Nf
	Noise figure[dB]
	9
	9
	9

	
	Ni
	Interference margin[dB]
	0
	0
	0

	
	Pn
	Noise power[dBm]
	-104.7 
	-101.7 
	-101.7 

	
	
	PSS/SSS sequence gain （dB）
	0
	3
	N/A

	　
	SINR
	SINR[dB]
	13.2 
	13.2 
	10.2 
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Figure 1. PSS/SSS detection performance for NR V2X (length-127) vs. LTE V2X (length-63). 

Proposal 2: Use the same length as NR PSS/SSS sequence (length-127) for NR V2X PSS/SSS.
Proposal 3: at least 2-symbols of PSS and 2-symbols of SSS are supported. FFS on exact positions for SSS symbols and support of AGC symbol.
Proposal 4: There is no FDM multiplexing between PSS/SSS and other signal/channels for power boosting on PSS/SSS.
PBCH data and PBCH DMRS in S-SSB
If the NR S-SSB design is targeting to have the comparable performance as LTE V2X, then PBCH (including PBCH data and DMRS) could be enhanced by having up to 12 or 11RBs of bandwidth and transmitted twice. Accordingly, the number of symbols for PBCH can be minimized for the better performance to combat the Doppler shift caused by the (relatively) high speed moving. Meanwhile, the payload size, interleaving pattern and polar coding in NR PBCH design can be reused for NR V2X SPBCH Data design for reusing the NR uu receiver as much as possible.
Proposal 5: For NR V2X PBCH data, it is same as NR PBCH data in terms of the payload size, interleaving pattern and polar coding.
To accommodate 10Mhz bandwidth without degrading the performance, there can be different PBCH-DMRS patterns for 15/30khz and 60khz. For example, for 15/30khz subcarrier spacing, the comb-3 DMRS pattern as NR PBCH DMRS can be used. However, the DMRS pattern for 60khz subcarrier spacing can be constructed as such: the DMRS in the first and the last RBs are constructed based on comb-6 pattern to improve the edge PRB channel estimation. For the remaining center 9 RBs in the frequency domain, comb-4 pattern is used. In the time domain, the same DMRS pattern is applied every two symbols of the PBCH channel.

[image: ]
Figure 2. DMRS Pattern for PBCH channel (11 RBs x 4 symbols) with 60khz subcarrier spacing. 
The DMRS pattern location in the RB can be fixed in the time/frequency domain without any cyclic shift to ensure the better channel estimation or cancellation in case of collision with other PBCHs from other UEs.
Proposal 6: The sparser NR V2X PBCH DMRS pattern can be supported for 60khz to accommodate the 10Mhz bandwidth without degrading the performance.
Proposal 7: For NR V2X PBCH DMRS, the location in the RB is fixed without any cyclic shift.
S-SSB structure
Based on discussion in Section 3 and Section 4, the potential candidate for S-SSB structure can be as such as shown in Figure 3. One S-SSB with 11 or 12 RBs by 13 symbols composed of 1 AGC symbol (e.g., based on SSS), 2 PSS symbols, 1 SSS symbol, 8 PBCH symbols by repetition of PBCH channel with 4 symbols per PBCH channel, and 1 SSS symbol in order.
[image: ]
Figure 3. S-SSB structure
Proposal 8: NR V2X S-SSB structure is supported based on Combination 1 as shown in Figure 3.

Priority rules for NR V2X sidelink synchronization sources 
It has been agreed that GNSS, gNB, NR UE and eNB can be supported as the synchronization source for NR V2X and whether a source is supported is for further NR V2X UE capability consideration. In this section, the priority rules for UE capable of supporting GNSS, NR/LTE uu and NR SL will be discussed.
As we have discussed in previous proposal [2], there are two cases for discussion:
· Case1: Presence of the serving cell, i.e., in-coverage (InC) or Out-of-coverage (OoC) with SL configuration from the serving cell. 
· Case2: Absence of the serving cell, i.e., Out-of-coverage (OoC) with only SL pre-configuration. 
For a NR V2X UE to determine the synchronization priority, firstly it needs to determine itself whether it is belong to Case1 or Case2, i.e., the availability of a serving cell.  
Proposal 9: The priority rules of synchronization sources is defined based on the availability of the serving cell. 
Priority rule for Case 1 (with presence of the serving cell):
Similar to LTE, the sync priority can be indicated for a UE camping in a serving cell via the configuration. In NR V2X, The IE typeTxSync similar to LTE V2X can be used to indicate whether GNSS or cell is prioritized for sync. However, there is no need to further indicate whether gNB or eNB is prioritized because the sync accuracy is determined by the signal strength (i.e., PCell/SCell/Serving Cell) rather than cell type. The following two cases are considered based on the different typeTxSync indication.
Case 1-1: typeTxSync = cell, 
· If there is a serving cell in the sidelink frequency, use the serving cell as reference. 
· If there is no serving cell in the sidelink frequency, use the PCell (RRC_CONNECTED) or the serving cell (RRC_IDLE) as reference.
Case 1-2: typeTxSync = gnss, 
· If GNSS is reliable based on the requirement, use GNSS as reference.
· If the GNSS is not reliable, use the InC NR V2X UE synced to GNSS as reference. 
· Otherwise, follow the rule in Case 1-1 to set a serving cell as the reference.

Proposal 10: For UE with a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Case 1-1 and Case 1-2.
Priority rule for Case 2 (without the serving cell)
In this case, the sync priority for GNSS or cell can be indicated via pre-configuration. There are several sources for consideration, such as: GNSS, UEs directly or indirectly synced to eNB/gNB/GNSS, and other UEs as listed in Table 1 and notes. 
In determination of priority, one rule inherited from LTE V2X is that UE directly synced to eNB/gNB/GNSS has higher priority than UEs indirectly synced to them. The priority rules in Table 1 has been summarized for the UEs of Case2 to select a synchronization source.
Proposal 11: UEs directly synced to GNSS/cell have the higher priority than UEs indirectly synced to them. 
Proposal 12: For UE without a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Table 1.
Table 1. Priority rules in Case2 for a NR-V2X UE 
	syncPriority = cell
	syncPriority = gnss

	Priority rule: Ordered by 6 priority groups (PG) and ordered by S-RSRP strength within the PG. 
	Priority rule: Ordered by 4 PG groups and then ordered by S-RSRP strength within the PG.

	PG1: NR_UEgNB or NR_UEeNB
	PG1: Reliable GNSS

	PG2: NR_UENR_UE-gNB or NR_UENR_UE-eNB
	PG2: NR_UEgNB, NR_UEeNB  and NR_UEGNSS

	PG3: Reliable GNSS
	PG3: NR_UENR_UE-gNB , NR_UENR_UE-eNB and NR_UENR_UE-GNSS

	PG4: NR_UEGNSS
	PG4: NR_UEother

	PG5: NR_UENR_UE-GNSS
	

	PG6: NR_UEother
	

	Notes: 
· NR_UEgNB and NR_UEGNSS represents the NR_UE that use gNB and GNSS as synchronization sources directly, respectively.
· NR_UENR_UE-gNB represents NR UE that use NR_UEgNB as sync source, i.e., indirectly synced to gNB via NR SL.
· NR_UENR_UE-eNB represents NR UE that use NR_UEeNB as sync source, i.e., indirectly synced to eNB via NR SL.
· NR_UENR_UE-GNSS represents NR UE that use NR_UEGNSS as sync source, i.e., indirectly synced to GNSS. 
· NR_UEother represents the other NR UEs than the one in the higher priority groups, such as UE self-promoted as sync source due to lacking of other sync sources.


Sidelink synchronization sources 
If the UE can support both NR and LTE, as well as NR V2X and LTE V2X communications, GNSS, eNB, gNB, NR UE and LTE UE can be studied for the synchronization sources.
For Case1 with the serving cell available in the V2X or non-V2X communication frequency layer, it is not necessary to use the LTE V2X UE as the sync source. Otherwise, it may mandate the inter-module tunnel between LTE-V2X module and NR-V2X module for fast sync information exchange by imposing more complexity and restriction on UE implementation, even if UE can support NR-V2X and LTE-V2X communication independently.
Observation 1: For the InC case or OoC with serving cell available, there is no need of using LTE V2X UE as the sync source.
Observation 2: LTE V2X UE as the sync source may mandate the inter-module tunnel between NR-V2X module and LTE-V2X module with high complexity and cost.
For Case2 without any serving cell available (i.e., OoC with only pre-configuration information available), the UE may be used as the sync source. However, if the SL communication for LTE V2X and NR V2X does not happen in the same frequency layer, i.e., shared frequency layer, there is no need to use LTE V2X UE as the sync source for NR V2X communication either. Because the NR V2X communication happens in the different frequency layer than the LTE V2X communication, which will not cause any strong interference between two frequency layers. In this case, NR UE synced to other sources or self-promoted NR UE can be taken as the sync source. 
Proposal 13: LTE V2X UE is not used as the sync source for NR V2X communication because of the different frequency layer for NR and LTE V2X communication.
In principle, both eNB and gNB can provide the time alignment information for the UE. It is not expected to have any notable performance difference for UE (indirectly) synchronization to eNB and gNB. Thus, there is no strong motivation to differentiate the sync source of eNB and gNB for prioritization in terms of the performance. Accordingly, there is no need to have the different SLSS ID(s) for sync sources based on eNB and gNB, which can also save the SLSS ID number.  
Proposal 14: There is no need of SLSS ID partition for differentiation of the sync sources based on eNB and gNB.
Information carried by PSBCH
In LTE/NR, MIB info carried in PBCH provides the basic information for the UE to access into the network. For V2X, MIB information carried in PSBCH is to provide the timing information and the resource configuration to enable the SL communication for out-of-coverage UEs without serving cell. 
In LTE V2X, PSBCH contents is defined considering LTE feature based design, including sl-bandwidth, tdd-ConfigSL, directFrameNumber, directSubFrameNumber and inCoverage indicator. In NR V2X, the information carried in PSBCH should consider NR feature based design, such as SSB structure, whether supporting beam sweeping, bandwidth part (BWP) and different numerologies. At least the following information can be carried in PSBCH:
Timing information
It is reasonable to indicate the frame number in NR V2X PSBCH for frame timing info. For indication of subframe/slot information, there are two options:
· Option A: Slot/subframe information for the corresponding S-SSB is carried in MIB explicitly.
· Pros: Flexible location for SSB
· Cons: Large signaling overhead to indicate all possible locations in subframe/slot.
· Option B: Fixed and unique location for S-SSBs in a subframe to derive the slot/subframe information implicitly.
· Pros: Small signaling overhead with fixed location/pattern to derive the timing information.
· Cons: Fixed and single location for SSB in a subframe. SSB period can’t be smaller than a subframe.
Considering the different subcarrier spacing in NR V2X, the slot number information should be provided in case of subcarrier spacing is different than 15khz.
Proposal 15: Slot number information should be added for NR V2X.
Proposal 16: The fixed and unique location for S-SSB in a subframe can be used to derive the slot/subframe information implicitly.
Initial SL BWP configuration information
NR V2X has agreed to support BWP. Thus, the information related to initial SL BWP configuration can be carried in PSBCH. The location of SL-BWP can be indicated relative to the SL-SSB. The number of bits for SL-BWP bandwidth and locations should be restricted (or fixed) to save the bits in PBCH and reduce the complexity to avoid unnecessary multiple options.
Proposal 17: The location and bandwidth of the initial SL BWP is carried in PSBCH. 
InCoverage Indicator
The inCoverage indicator in LTE V2X PSBCH is used to indicate if the UE is directly or indirectly synced to GNSS/eNB. This is used for the priority group selection since UEs directly synced to GNSS/eNB has higher priority than UEs indirectly synced to them. However, such indicator is carried in MIB in LTE V2X so that UE has to decode PSBCH every time to determine the priority group, which causes the unnecessary complexity for the UEs. In NR V2X, such indicator can be considered to be carried in PSBCH-DMRS to avoid PSBCH decoding for priority group identification.
Observation 3: In LTE V2X, UEs have to decode inCoverage in PSBCH to determine priority groups with unnecessary complexity.
Proposal 18: The inCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
Conclusion
The following summarizes the observations:
Observation 1: For the InC case or OoC with serving cell available, there is no need of using LTE V2X UE as the sync source.
Observation 2: LTE V2X UE as the sync source may mandate the inter-module tunnel between NR-V2X module and LTE-V2X module with high complexity and cost.
Observation 3: In LTE V2X, UEs have to decode inCoverage in PSBCH to determine priority groups with unnecessary complexity.
The proposals are summarized as below:
Proposal 1: S-SSB design should take into account the coverage, the correlation property of the sequences and the feasibility of reusing NR uu interface hardware.
Proposal 2: Use the same length as NR PSS/SSS sequence (length-127) for NR V2X PSS/SSS.
Proposal 3: At least 2-symbols of PSS and 2-symbols of SSS are supported. FFS on exact positions for SSS symbols and support of AGC symbol.
Proposal 4: There is no FDM multiplexing between PSS/SSS and other signal/channels for power boosting on PSS/SSS.
Proposal 5: For NR V2X PBCH data, it is same as NR PBCH data in terms of the payload size, interleaving pattern and polar coding.
[bookmark: _GoBack]Proposal 6: The sparser NR V2X PBCH DMRS pattern can be supported for 60khz to accommodate the 10Mhz bandwidth without degrading the performance.
Proposal 7: For NR V2X PBCH DMRS, the location in the RB is fixed without any cyclic shift.
Proposal 8: NR V2X S-SSB structure is supported based on Combination 1 as shown in Figure 3.
Proposal 9: The priority rules of synchronization sources is defined based on the availability of the serving cell. 
Proposal 10: For UE with a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Case 1-1 and Case 1-2.
Proposal 11: UEs directly synced to GNSS/cell have the higher priority than UEs indirectly synced to them. 
Proposal 12: For UE without a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Table 1.
Proposal 13: LTE V2X UE is not used as the sync source for NR V2X communication because of the different frequency layer for NR and LTE V2X communication.
Proposal 14: There is no need of SLSS ID partition for differentiation of the sync sources based on eNB and gNB.
Proposal 15: Slot number information should be added for NR V2X.
Proposal 16: The fixed and unique location for S-SSB in a subframe can be used to derive the slot/subframe information implicitly.
Proposal 17: The location and bandwidth of the initial SL BWP is carried in PSBCH. 
Proposal 18: The inCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
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