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Introduction
The summary captures the issues and related candidate solutions of sidelink synchronization mechanism aspects for NR-V2X based on the submitted contributions [3]-[28].   The list of issues is categorized as follows, 
· Sidelink synchronization signals
· NR SLSS Sequence generation
· Number of NR SL-SSID supported by the designed SLSS 
· S-SSB structure
· Aspects in the S-SSB structure design
· The design of S-SSB Pattern
· Channel estimation of PSBCH
· Number of S-SSB within one period
· Periodicity of S-SSB transmission
· PSBCH contents
· Synchronization procedures: Priority rules and selection of the synchronization sources
· RS based sidelink synchronization
· Other issues:
· Resource configuration for S-SSB transmission
· Synchronization enhancements
The detail analysis and draft proposals of the issues and candidate solutions for the sidelink synchronization mechanism are discussed in the summary.

Background
In RAN#83, the new work item on 5G V2X with NR sidelink [1] was approved with the following objectives related to Sidelink synchronization mechanism:
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified


In RAN1#97, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [2]:
 Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
FFS (aim to conclude this week – see below)
· The power difference between S-PSS and S-SSS symbols.
· The transient duration.

Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms

Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)


Based on these objectives and agreements, companies continued discussion on sidelink synchronization mechanism in [3]-[28].

Sidelink Synchronization Signals

NR SLSS Sequence generation
The design of NR sidelink SS sequences should be capable to distinguish from NR SS sequences by CDM/TDM/FDM, or by different lengths, different CS values, different structure or different primitive polynomials [3,Huawei,HiSilicon] [4,vivo] [6,TCL] [7,Nokia,NSB] [11,CATT,CAICT] [12,Intel] [17,NEC] [20,LG] [26,Qualcomm] [28,ITL]. 
Most companies confirm the working assumptions that the same sequence is used for both symbols of S-PSS and the same sequence is used for both symbols of S-PSS [5,Fujitsu] [18,ITRI] [20,LG] [24,Sharp] [25,NTT DOCOMO]. One companies [3,Huawei,HiSilicon] proposed that using different S-PSS sequences in two S-PSS symbols, in order to convey additional priority information based on the Tx UE synchronization source without any performance degradation.
Most companies support two S-PSS candidates, and two companies [9,MediaTek] [10,Samsung] prefer to only use one S-PSS candidate. [10,Samsung] shows using 1 S-PSS candidate has slightly better synchronization ID detection performance than 2 S-PSS candidates.
· The single S-PSS signal is supported to reduce detection complexity. [9,MediaTek]
· The number of sequence for S-PSS is 1 for better performance and lower complexity. [10,Samsung]

The options of primitive polynomials and cyclic shifts of NR S-PSS Sequence generation were in below table:
	Options
	S-PSS sequence generation
	Supporting companies

	Option 1:
Polynomial_145
	S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with DL-PSS.
	[11,CATT,CAICT] [20,LG] [26,Qualcomm] 

	Option 2:
Polynomial_131
	For S-PSS sequence, the second polynomial of SSS, i.e., x7+x+1, is reused.
	[4,vivo] [9,MediaTek]

	Option 3:
Poly_131 and 193
	For S-PSS, the x7+x+1 and x7+x6+1 polynomials are used to generate the two different m sequences.
	[3,Huawei,HiSilicon] 

	Option 4:
Poly_145 or 131
	Either different cyclic shift of NR-PSS (polynomial 145) or polynomial 131 is used as S-PSS. 
	[7,Nokia,NSB]



The detailed proposals of primitive polynomials and cyclic shifts of NR S-PSS Sequence generation were as follows,
· The joint S-PSS/S-SSS detection probability when using repeated S-PSS and S-SSS sequences is the same when using differentiated sequences for S-PSS. [3,Huawei,HiSilicon]
· The autocorrelation of 145 and the cross-correlation between 145 with different CSs change with frequency offset; if 145 is used for S-PSS generation, the estimated CS is far offset by several steps from the target CS, resulting in confusion between S-PSS and PSS. The cross-correlation between 131 and 145 is more impervious to initial frequency offset and is always much lower than the peak and subpeaks of 145 correlation. [4,vivo]
· The working assumption can be confirmed where the same sequence is used for 2-symbol S-PSS and the same sequence is used for 2-symbol S-SSS. [5,Fujitsu]
· Support different polynomials, cyclic shift, frequency locations for SL-SSID compared to NR-Uu SSID. [6,TCL]
· It is possible to select different cyclic shift values from NR-PSS polynomial and achieve good cross-correlation performance against NR-SSS. Other polynomials (of order 7) do not offer similar cross-correlation properties against both NR-PSS and NR-SSS as polynomials 145 and 131. M-sequence generated with polynomial 131 can achieve similar or better time and frequency domain correlation properties (ambiguity function) as NR-PSS. Either different cyclic shift of NR-PSS (polynomial 145) or polynomial 131 is used as S-PSS. [7,Nokia,NSB]
· The single NR S-PSS should be generated from the other polynomial than NR uu PSS (e.g., 131-polynomial) to avoid the high cross-correlation due to m-sequence property. [9,MediaTek]
· Down-selection from two alternatives: the same polynomial of generator as in Rel-15 PSS and different cyclic shift; different polynomial of generator as in Rel-15 PSS. [10,Samsung]
· S-PSS uses the same polynomial and the same initial value, but different cyclic shifts with DL-PSS. [11,CATT,CAICT]
· Down-selection from single PSSS/S-PSS signal and two PSSS/S-PSS signal. [12,Intel]
· To differentiate NR SS and SLSS, S-PSS and S-SSS use the PSS and SSS sequence generation polynomials respectively with different cyclic shifts. [20,LG]
· NR S-PSS sequences have different CSs than NR Uu PSS. [26,Qualcomm]

The options of primitive polynomials and cyclic shifts of NR S-SSS Sequence generation were in below table:
	Options
	S-SSS sequence generation
	Supporting companies

	Option 1
	S-SSS reuses the sequences of DL-SSS.
	[4,vivo] [11,CATT,CAICT] [12,Intel] [26,Qualcomm] 

	Option 2
	For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value.
	[3,Huawei,HiSilicon] [20, LGE]



The detailed proposals of primitive polynomials and cyclic shifts of NR S-SSS Sequence generation were as follows,
· For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value. [3,Huawei,HiSilicon] [20, LGE]
· For S-SSS sequence, the polynomials of SSS are reused. [4,vivo]
· S-SSS reuses the sequences of DL-SSS. [11,CATT,CAICT]
· For SSSS/S-SSS sequence generation, reuse the same polynomials and initialization state as defined for legacy SSS on Uu link. [12,Intel]
· NR Uu SSS sequences are reused for NR S-SSS. [26,Qualcomm]

Proposal 1:  S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with NR DL-PSS.

Proposal 2:  S-SSS reuses the sequences of NR DL-SSS.

Number of NR SL-SSID
A lot of companies proposed that the number of NR V2X SSID needs to be expanded to support the capacity enhancement of synchronization source identification, in-coverage/out-of-coverage, direct and indirect synchronization and distinguish between NR Uu and NR V2X sidelink in [3,Huawei,HiSilicon] [4,vivo] [6,TCL] [22,Spreadtrum] [28,ITL]. 
Several companies gave the simulation results about the performance of detection probability between SSID of 336 and 672 [3,Huawei,HiSilicon] [4,vivo] [10,Samsung] [22,Spreadtrum] [26,Qualcomm]:
· The performance of detection probability between SSID of 336 and 672 are comparable. [3,Huawei,HiSilicon] [4,vivo] [22,Spreadtrum]
· 336 SLIDs have obvious better performance than 672 SLIDs [10,Samsung] [26,Qualcomm]

	Number of NR SL-SSID
	672
	336

	Supporting Companies
	[3,Huawei,HiSilicon] [4,vivo] [5,Fujitsu] [6,TCL] [9,MediaTek] [20,LG] [22,Spreadtrum] 
	[10,Samsung] [26,Qualcomm]

	Pros
	· Better supporting to NR dense cells and other scenarios
· Lower collision probability 
	· Keep the same number of SSID with LTE V2X and minimize standardization efforts
· Slightly better SSID detection performance for LLS

	Cons
	· Increasing of  number of SSID needs extra standardization efforts
· Slightly worse SSID detection performance for LLS
	· Worse supporting to NR dense cells and other scenarios
· Higher collision probability 



	Supporting Companies
	Simulation results
	S-PSS
	S-SSS
	Rationale

	[3,Huawei,HiSilicon]
Prefer to 672
	[image: C:\Users\y00367708\AppData\Roaming\eSpace_Desktop\UserData\y00367708\imagefiles\19A64441-F232-4751-AD92-CF60BACDD479.png]
	2
	336
	· For NR-V2X, the S-SSB should be both used for FR1 and FR2. For FR2, the cell will be smaller, more SLSS-IDs are needed when the network configures the S-SSB transmission (associated with different SLSS ID) in coverage.
· The performance loss is very limited when 336 S-SSS sequences are used. 
· The detection complexity is similar with NR-Uu link, so no implementation difficulties are expected.

	[4,vivo]
Prefer to 672
	[image: ]
	2
	336
	· In the case of asynchronous network deployment, 336 SLIDs are required for in-coverage UE. A same amount of SLID can be provided to Out-of-Coverage UE as well. Therefore, we think at least 336*2 SLIDs are required.

	[10,Samsung]
Prefer to 336
	[image: ]
	1
	336
	· By observing the synchronization IDs for out-of-coverage UE is not fully utilized in LTE V2X, the number of synchronization IDs used for out-of-coverage UEs can be more decreased in NR V2X than LTE V2X and the remaining synchronization IDs can be used by in-coverage UEs.

· There is still an obvious performance gap between using 336 and 672 SLIDs

· Detection complexity of 672 SLIDs is higher than the one of 336 SLIDs.

	[22,Spreadtrum]
Prefer to 672
	[image: ]
	2
	336
	· Combination-3 {2 S-PSS x 336 S-SSS} could provide more diversity for S-SSB with negligible performance loss, compared with Combination-1 {1 S-PSS x 336 S-SSS} and Combination-2 {2 S-PSS x 168 S-SSS}.

	[26,Qualcomm]
Prefer to 336
	[image: ]
	2
	168
	· Different from Uu, synchronization for sidelink is decoupled from communication, i.e., it serves only for synchronization purpose and the synchronization signals may be combined in SFN manner.

· Detection performance of S-SSS can be improved if there is a smaller number of SLSS IDs.



The detailed proposals of number of NR SL-SSID were as follows,
· 336 S-SSS sequences are used for NR-V2X. 672 SLSS IDs are used, {0, 1, …, 335} for in-coverage and {335, 337, …, 671} for out-of-coverage. [3,Huawei,HiSilicon]
· 672 SL-SSIDs are supported for NR V2X, and SL-SSIDs can be divided into 3 sets: [5,Fujitsu]
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or gets synchronization directly from an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and has no direct synchronization to an in-coverage UE
· The single NR S-PSS is adopted with total 672 S-SSS sequences to reduce blind detection complexity and improve SSB-RSRP measurements for sync source prioritization. [9,MediaTek] 
· NR V2X shall support 336 sidelink synchronization IDs, wherein the IDs are divided into two sets: 168 IDs are used for in-coverage UEs, and 168 IDs are used for out-of-coverage UEs in [10,Samsung]. 
· The total number of SL-SSID is 672. S-PSS and S-SSS have 2 and 336 hypotheses respectively. SL-SSID directly indicates SLSS relaying hop count. [20,LG]. 
· It is proposed that the combination of {2 S-PSS candidates + 168 S-SSS IDs} is preferred in [26,Qualcomm].
· Two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs. The number of PSSIDs in a set could be increased. [28,ITL]

	Agreements:
· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.



S-SSB Structure

Aspects in the S-SSB structure design

Many companies had proposals in the S-SSB structure design [3,Huawei,HiSilicon] [4,vivo] [7,Nokia,NSB] [9,MediaTek] [10,Samsung] [11,CATT,CAICT] [12,Intel] [20,LG] [22,Spreadtrum]. 
There are proposals to have S-SSB design with low correlation to the NR SSB and to be distinguished in the manner of FDM, TDM, GSCN, S-SSB pattern, SS sequence, cyclic shifts or muting [3,Huawei,HiSilicon] [14,Sequans] [16,ETRI] [20,LG].

There are proposals on supporting extended CP for S-SSB structure design:
· In [3,Huawei,HiSilicon] [7,Nokia,NSB], both normal CP and extended CP should be considered for S-SSB structure design. 
· In [4,vivo], S-SSB with ECP is not supported at least in the shared bands in FR1 and FR2. (For the initial active DL BWP, where only NCP is allowed, the SCS is indicated by MIB.)
· In [10,Samsung], NR V2X shall support a unified S-SSB structure, with respect to all supported numerologies and carrier frequency ranges. 
· In [11,CATT,CAICT] [22,Spreadtrum], a unified S-SSB structure for both normal CP and extended CP should be supported.

Proposal 4: Both normal CP and extended CP should be considered for S-SSB structure design.

The design of S-SSB Pattern

S-PSS/S-SSS position and MPR/TP issue
It had been agreed that in one S-SSB, two symbols are used for S-PSS and S-SSS, respectively. But how to place S-PSS and S-SSS in one S-SSB is an issue and need to be studied.
As over 5dB PAPR gap is observed between S-PSS and S-SSS, it had been agreed in RAN1#97 meeting that the SSID detection probability performance should be evaluated for having or not having a transient period and with different setting of power difference between S-PSS and S-SSS symbols, as shown in the four cases in the table in below.
	Options
	Two S-PSS and Two S-SSS
	MPR for S-PSS
	MPR for S-SSS
	Transient period

	1
	Adjacent
	3 dB
	3 dB
	N/A

	2
	Adjacent
	0 dB
	3 dB
	10 us in S-SSS

	3
	Not Adjacent
	0 dB
	3 dB
	10 us in PSBCH

	4
	Not Adjacent
	3 dB
	3 dB
	N/A




Many companies give the proposals on the placement of two S-PSS and two S-SSS and their MPR setting, as shown in the following table:
	
	Option-1: S-PSS and S-SSS should be adjacent and the same MPR should be used for S-PSS and S-SSS.
	Option-2: S-PSS and S-SSS should be adjacent and the different MPR should be used for S-PSS and S-SSS.
	Option-3: S-PSS and S-SSS should be not adjacent and the different MPR should be used for S-PSS and S-SSS.

	Supporting Companies
	[3,Huawei,HiSilicon] [19,ZTE,Sanechips] [26,Qualcomm]
	[9,MediaTek] [5,Fujitsu] [22,Spreadtrum]
	[4,vivo] [10,Samsung] [11,CATT,CAICT] [20,LG]

	Pros
	· The detection of S-SSS with the channel estimation facilitated by S-PSS. 
· No performance loss on PSBCH decoding.
	· The detection of S-SSS with the channel estimation facilitated by S-PSS. 
· No performance loss on PSBCH decoding.
	· S-PSS can use higher power than S-SSS and obtain better detection performance.
· S-SSS will not suffer the detection performance loss due to waveform puncturing.

	Cons
	· S-PSS should use the same power as S-SSS and performance will degrade due to power backoff.
	· S-SSS will suffer the detection performance loss due to waveform puncturing.
	· Slightly performance loss on PSBCH decoding due to waveform puncturing.



S-PSS/S-SSS position and MPR/transient period related evaluation results are summarized in the below table:
	Supporting Companies
	Simulation results
	Rationales and details

	[3,Huawei,HiSilicon]
Prefer to 
Option-1
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	· From the PSBCH simulation results, no benefits are observed for Alt2 with non-adjacent symbols.
· Alt1: S-PSS and S-SSS are adjacent and MPR is 3dB for both S-PSS and S-SSS.
· Alt2: S-PSS and S-SSS are not adjacent and S-PSS can be set 3dB higher power than S-SSS. One symbol is used for transient period and reduces one symbol for PSBCH.

	[4,vivo]
Prefer to 
Option-3
	[image: ]
	· 10us power transient period on S-SSS symbol leads to 1.2dB performance loss of SLID detection in FR1.
· 5us power transient period on S-SSS symbol leads to 3dB performance loss of SLID detection in FR2.
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
[image: ]

	[9,MediaTek]
Prefer to 
Option-2
	[image: ]
	· SS detection performance in all cases can satisfy 90% detection rate at -6dB SINR with 10us puncturing on the signals.
· 10us SSS puncturing (i.e., SSS reset in the figure) in the beginning of the symbol will have less impact compared to the PSS punctured by 10us (i.e., PSS reset in the figure).

	[10,Samsung]
Prefer to 
Option-3
	[image: ]
	[image: ]
· Pattern 2 and Pattern 3 have almost the same performance, and both of them slightly outperform Pattern 1 due to the truncation of waveform in the transient period in Pattern 1.  

	[11,CATT,CAICT]
Prefer to 
Option-3
	[image: ]
	· 3dB MPR for S-PSS will degrade the SL-SSID detection performance in both low-speed and high-speed scenarios.
· 10us Transient period for S-SSS will degrade the SL-SSID detection performance, especially in high-speed or larger SCS scenarios.

	[19,ZTE,Sanechips]
Prefer to 
Option-1
	[image: ]
	· The simulation results show that the difference of S-PSS/S-SSS detection probability between case 1 and case 2 is not obvious.
· Case 1 (with a AGC transient period): For MPR values, S-PSS = 0 dB, S-SSS = 3 dB. One symbol of S-SSS/PSBCH is assumed for AGC transient period and is punctured. The power of S-PSS is not reduced
· Case 2 (w/o a AGC transient period): For MPR values, S-PSS = 3 dB, S-SSS = 3 dB. No puncturing is needed while the power of S-PSS is reduced.

	[20,LG]
Prefer to 
Option-3
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	· Figure above: without transient period;
· Figure below: with transient period.
· If MPR value of 3dB is applied to both S-PSS and S-SSS, SLSS detection performance is degraded compared to the case where MPR value of 0dB is applied to S-PSS and 3dB to S-SSS.
· SLSS detection performance degradation caused by applying 3dB MPR to S-PSS becomes worse if a longer S-SSB period is used.
· If a transient period is located in S-SSS duration, SLSS detection performance is degraded compared to the case where the transient period is located in PSBCH duration between S-PSS and S-SSS. The performance degradation increases for larger SCS.

	[22,Spreadtrum]
Prefer to 
Option-2
	[image: ]
	· The performance loss of S-SSS detection probability caused by puncturing can be ignored when designing S-SSB structure.

	[26,Qualcomm]
Prefer to 
Option-1
	[image: ]
	· There may be no benefit to apply a smaller MPR to PSS symbols, since the detection performance is mainly limited by SSS detection.
· S-SSB symbols are mapped in consecutive OFDM symbols, i.e., no transient symbols in-between.



There are proposals on MPR and transient period issue of S-PSS and S-SSS placement:
· 10us power transient period on PSBCH symbol has a minor impact on SLID detection and PSBCH detection in FR1. 5us power transient period on PSBCH symbol has a minor impact on SLID detection and PSBCH detection in FR2. [4,vivo]
· A PBCH symbol could be duplicated to the transient gap between S-PSS and S-SSS. To avoid additional transients a S-PSS symbol could be duplicated to AGC symbol in beginning of the slot. [7,Nokia,NSB]
· S-PSS’s can be placed ahead of S-SSS’s to minimize the performance impact caused by the power change. [9,MediaTek]
· Different power should be per-configured for S-PSS and S-SSS symbols when the PAPR values of S-PSS symbol and S-SSS symbol are different, and the details are FFS. [18,ITRI]

Proposal 5:  The working assumption of S-PSS/S-SSS position and MPR setting should be Option-3  
	Option
	Two S-PSS and Two S-SSS
	MPR for S-PSS
	MPR for S-SSS
	Transient period

	3
	Not Adjacent
	0 dB
	3 dB
	10 us in PSBCH



Offline discussion:
For the design of S-SSB, RAN4 can decide which alternative is used.
· Alt 1: Transient period is needed between S-PSS and S-SSS/PSBCH, the following S-SSB structure is applied
[image: ]
· Alt 2: Transient period is not needed between S-PSS and S-SSS/PSBCH, the following S-SSB structure is applied
[image: ]


Candidate S-SSB Patterns
S-SSB patterns were proposed by [3,Huawei,HiSilicon] [4,vivo] [5,Fujitsu] [7,Nokia,NSB] [9,MediaTek] [10,Samsung] [11,CATT,CAICT] [12,Intel] [19,ZTE,Sanechips] [20,LG] [21,Ericsson] [25,NTT DOCOMO] [26,Qualcomm]. The S-SSB patterns with the evaluation results are shown in below table.
In [11,CATT,CAICT], one kind of DMRS-free S-SSB pattern is proposed, in which two sequences of S-SSS are used for front end processing and channel estimation in assisting channel compensation for PSBCH demodulation. DMRS-free S-SSB pattern can provide 1.5 dB performance gains with lower complexity for demodulation. 

	Supporting Companies
	S-SSB patterns
	Sequence length of SLSS
	Bandwidth of PSBCH
	Joint Detection Probability of SLSS@-6dB SNR
	BLER of PSBCH@-6dB SNR

	[3,Huawei,HiSilicon]
	[image: ]
	127
	11RB
	82%
	0.3%

	[4,vivo]
	

	127
	11 RB
	92%
	10.37%

	[9,MediaTek]
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	127
	11RB
	94%
	1.3%

	[10,Samsung]
	[image: ]
	127
	11RB
	91.5%
	9%

	[11,CATT,CAICT]
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	127
	11RB
	67%
	8.5%

	[12,Intel]
	

	127
	11RB
	79%
	N/A

	[19,ZTE,Sanechips]
	

	127
	11RB
	99%
	3%

	[20,LG]
	[image: ]
	127
	11RB
	53%
	12%

	[26,Qualcomm]
	 [image: ]
	127
	11RB
	76%
	N/A

	Key simulation assumptions for SLSS
	[3,Huawei,HiSilicon]: V2X Urban-NLOS, 6GHz, 30KHz SCS, 240Kmph, IFO(Initial Frequency Offset) = ±5ppm, MPR(S-PSS=3dB;S-SSS=3dB)
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm, MPR(P=0dB;S=3dB)
[9,MediaTek]: TDL-C100, 6GHz, 30KHz SCS, IFO unknown, MPR(P=0dB;S=3dB)
[10,Samsung]: V2X Urban-NLOS, 6GHz, 15KHz SCS, IFO = ±5ppm, MPR(P=0dB;S=3dB)
[11,CATT,CAICT]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm, MPR(P=0dB;S=3dB)
[12,Intel]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 6Kmph, IFO = ±5ppm, MPR unknown
[19,ZTE,Sanechips] CDL-C, 6GHz, 30KHz SCS, 6Kmph, IFO unknown, MPR(P=3dB;S=3dB)
[20,LG]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, IFO unknown, MPR(P=0dB;S=3dB)
[26,Qualcomm]: V2X CDL Urban-NLOS, 6GHz, 30KHz SCS, 6Kmph, IFO = ±5ppm, MPR(P=3dB;S=3dB)

	Key simulation assumptions for PSBCH
	[3,Huawei,HiSilicon]: V2X Urban-NLOS, 6GHz, 30KHz SCS, 240Kmph, 56bits payload size
[4,vivo]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 6Kmph, 56bits payload size, two-shot
[9,MediaTek]: ETU70, 6GHz, 15KHz SCS, 70Kmph, 56bits payload size, one-shot
[10,Samsung]: V2X Urban-NLOS, 6GHz, 15KHz SCS, 500Kmph, 56bits payload size, one-shot
[11,CATT,CAICT]: V2X CDL urban LOS, 6GHz, 30KHz SCS, 240Kmph, 56bits payload size, two-shot
[19,ZTE,Sanechips]: V2X Urban-NLOS, 6GHz, 15KHz SCS, 240Kmph, 56bits payload size
[20,LG]: V2X CDL Urban-NLOS, 6GHz, 15KHz SCS, 240Kmph, 56bits payload size 



Proposal 6: The working assumptions of S-SSB pattern include:
· AGC-RS is placed in the first symbol of the slot which contains S-SSB;
· S-PSS is placed in the second and third symbols of the slot which contains S-SSB;
· S-SSS is not placed in the fourth symbol of the slot which contains S-SSB.

	Agreements:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning




AGC-RS and GP Design for S-SSB
Many companies proposed that AGC and TX/RX switching periods should be taken into account in the design of S-SSB [3,Huawei,HiSilicon] [4,vivo] [11,CATT,CAICT] [12,Intel] [21,Ericsson] [26,Qualcomm] with the options list below:
	Options
	AGC-RS solutions
	Supporting companies

	Option 1
	The first symbol of S-SSB is used for PSBCH to do AGC tuning, in a similar manner as LTE SL V2X.
	[3,Huawei,HiSilicon] [4,vivo] [21,Ericsson] [26,Qualcomm] 

	Option 2
	The first symbol of the S-SSB mapped to AGC training sequence or dummy signal.
	[11,CATT,CAICT] [12,Intel]



Proposal 7: AGC-RS and TX/RX switching periods should be taken into account in design S-SSB:
· Option 1: One PSBCH symbol  is used for AGC tuning
· Option 2: The first symbol of the S-SSB mapped to AGC training sequence or dummy signal

Symbol number of PSBCH
Many companies have different suggestions on the symbol number of PSBCH in one S-SSB [3,Huawei,HiSilicon] [4,vivo] [9,MediaTek] [11,CATT,CAICT] [20,LG] [21,Ericsson] [25,NTT DOCOMO]. The proposals are as follows:	
	Symbol number of PSBCH
	Proposals
	Supporting companies

	4
	· In the case of 11RB bandwidth, PSBCH with 56 bits payload size should occupy at least four symbols to ensure its coding rate is no more than LTE V2X PSBCH (the density of DMRS is 1/4).[11,CATT,CAICT]
· If comb-4 type self-contained DMRS is used for PSBCH symbol, at least 4 PSBCH symbols should be used to carry 56 bits PSBCH content for similar level of protection to LTE PSBCH. [20,LG]
	[11,CATT,CAICT] [20,LG]

	6
	· At least 6 PSBCH symbols are used for NR-V2X synchronization slot for 15 kHz. [3,Huawei,HiSilicon]
	[3,Huawei,HiSilicon]

	8
	· At least for NCP, S-SSB consists of 8 PSBCH symbols. [4,vivo]
· 8 symbols for PBCH comprises of one repetition for the 4 symbols of PBCH. [9,MediaTek]
· The frame is filled with 8 PSBCH symbols multiplexed in frequency with DMRS.[21,Ericsson]
· The number of PSBCH symbols in one S-SSB is 8. [25,NTT DOCOMO]
	[4,vivo](NCP) [9,MediaTek] [21,Ericsson]
[25,NTT DOCOMO]



Proposal 8: The number of PSBCH symbols in one S-SSB should be the same for both normal CP and extended CP.

Channel estimation of PSBCH

DMRS and/or S-SSS can be used for channel estimation of PSBCH. Several companies proposed the design and evaluation of PSBCH DMRS for channel estimation in [9,MediaTek] [19,ZTE,Sanechips] [20,LG] [21,Ericsson] [22,Spreadtrum]. One company proposed only use S-SSS for PSBCH decoding and no DMRS is mapped in S-SSB [11,CATT,CAICT].

The patterns of PSBCH DMRS or S-SSS and rationales are shown in below table,
	Supporting Companies
	Pattern of PSBCH DMRS or S-SSS
	Density in Frequency domain 
	Density in Time domain 
	Rationale

	[9,MediaTek]
	

	1/4
	Every 2 symbols
	The PBCH decoding performance could be better by sparse PSBCH DMRS pattern in time domain.
1. UE could combine the SSS sequence to have better channel estimation; 
2. The PBCH channel estimation will be interpolation other than extrapolation.

	[11,CATT,CAICT]
	[image: ]
No DMRS Mapping in PSBCH
	Occupy 127 subcarriers
	Occupy 2 symbols
	DMRS-free S-SSB pattern can provide 1.5 dB performance gains(in both 6Kmph and 240Kmph) with lower complexity for demodulation.
The performance gains of option-B mainly come from the lower coding rate of PSBCH due to the absent of DMRS symbols, and more frequency resources can be used for PSBCH.

	[19,ZTE,Sanechips]
	

	1/4
	Every symbol
	Performance of FDM is better than TDM or TFDM.

	[22,Spreadtrum]
	


	-w/o SSS:1/4
-w SSS: 1/6
	Every symbol
	For PSBCH symbols with the assistance of S-SSS, sparser PSBCH DMRS pattern should be employed.



The proposals of PSBCH DMRS or S-SSS are shown in below.
· The sparser NR V2X PBCH DMRS pattern can be used. The NR V2X PBCH DMRS pattern location in the symbol could have 1 symbol shift. For NR V2X PBCH DMRS, the location within the RB is fixed without any cyclic shift. [9,MediaTek]
· One kind of DMRS-free S-SSB pattern is proposed, in which two sequences of S-SSS are used for front end processing and channel estimation in assisting channel compensation for PSBCH demodulation. DMRS-free S-SSB pattern can provide 1.5 dB performance gains with lower complexity for demodulation. [11,CATT,CAICT]
· For PSBCH, FDM DMRS pattern shows better performance than TDM DMRS pattern. PSBCH DMRS is allocated to every PSBCH symbol. [19,ZTE,Sanechips]
· NR PBCH DM-RS sequence generation is a starting point for PSBCH DM-RS. At least LSB part of slot index is used for initialization value in PSBCH DM-RS sequence generation. [20,LG]
· NR PBCH DM-RS to RE mapping (i.e., comb-4 type) and position shift in frequency domain are reused for PSBCH DM-RS. PSBCH DM-RS RE position is shifted based on SL-SSID. [20,LG]
· The design of DMRS in PSBCH follows the same design as the one defined in PSCCH/PSSCH. [21,Ericsson]
· Take PBCH-DMRS like structure as the baseline of PSBCH DMRS. FFS whether to support a reduced density of DMRS in the frequency domain. [22,Spreadtrum]

Proposal 9:  The down selection of the method of channel estimation of PSBCH would be based on the PSBCH BLER performance from the two alternatives:
· Alt1: Channel estimation based on DMRS and S-SSS.
· Alt2: Channel estimation only based on S-SSS.

Number of S-SSB within one period

According to the agreements in RAN1#95, periodic transmission of S-SSB in NR V2X is supported, and FFS whether one/more S-SSB is transmitted in a period. According to 5G V2X WID [1], no beam management is supported in NR sidelink design. 
According to the agreements in RAN1#97, In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

In order to enlarge the coverage range of S-SSB and maintain the transmission flexibility of S-SSB, S-SSB repetition and combining should be supported for NR V2X sidelink.  Most companies support multiple S-SSB transmission in one period, and three companies [8,OPPO] [10,Samsung] [21,Ericsson] support only one S-SSB is transmitted within a period.

	Alternatives
	The number of S-SSB(s) transmitted within P1
	Supporting companies

	Alt. 1
	The number of S-SSB(s) transmitted within P1is (pre-)configurable.
	[3,Huawei,HiSilicon] [4,vivo] [11,CATT,CAICT] [15,Futurewei] [16,ETRI] [17,NEC] [21,Ericsson] [22,Spreadtrum] [25,NTT DOCOMO] [27,Xiaomi] [28,ITL]

	Alt. 2
	The number of S-SSB(s) transmitted is fixed within P1 per SCS.
	[5,Fujitsu] [18,ITRI] [19,ZTE,Sanechips] [20,LG](for FR1)

	Alt. 3
	Only one S-SSB for all SCS is transmitted within P1.
	[8,OPPO] [10,Samsung](for FR1) [21,Ericsson]



The proposals of the number of S-SSB within one period were as follows
· S-SSB combining is required for PSBCH detection to ensure 1% BLER detection probability for SNR@-6dB. [3,Huawei,HiSilicon] [4,vivo] [11,CATT,CAICT] [22,Spreadtrum] [26,Qualcomm]
· The number of S-SSB for a synchronization resource within a S-SSB burst period should be configured both for FR1 and FR2. [3,Huawei,HiSilicon]
· For FR1: Up to at least 2 S-SSBs are configured for 30kHz, and up to at least 4 S-SSBs are configured for 60kHz
· For FR2: Up to L_v2x (L_v2x=2/4/8 for <3 GHz/3~6 GHz/>6 GHz respectively) S-SSBs are configured. 
· S-SSB burst set containing multiple S-SSBs should be supported from the perspective of consistency and forward capability, the maximum number of S-SSB, LS-SSB=1/2/4/8, with a burst set can be 1/2/4/8. The maximum number of transmitted S-SSB, LS-SSB=1/2/4/8, depends on the frequency band. The number of actually transmitted S-SSB can be (pre)configured or decided by UE. However, RX UE always assumes that all LS-SSB S-SSB are transmitted. [4,vivo]
· As for the number of SSB(s) within a period, Alt 2 is confirmed where 1 S-SSB is transmitted in one period for 15kHz, 2 S-SSBs are transmitted in one period for 30kHz SCS and 4 S-SSBs are transmitted in one period for 60kHz SCS. [5,Fujitsu]
· One S-SSB is transmitted within a period. [8,OPPO]. 
· For NR V2X, the number of actually transmitted S-SSBs within P1 is the same as the maximum number of S-SSBs within P1: For FR1, the number is fixed as one; For FR2, the number is fixed and exact value FFS. [10,Samsung]
· S-SSB beam repetition in one period should be supported to enlarge the coverage range of S-SSB and maintain the transmission flexibility of S-SSB. [11,CATT,CAICT]
· A pre-configurable number of S-SSB(s) that can be transmitted within a transmission period should be supported, i.e. sidelink specification supports the designs and operation of multiple S-SSB(s).  For Rel-16, fixed set of pre-configurable values should be agreed. [15,Futurewei]
· NR V2X supports multiple S-SSB transmissions in a period. In NR V2X, the number of S-SSB(s) transmitted within P1 is (pre-)configurable. [16,ETRI]
· From transmitter perspective, the number of S-SSB(s) transmitted within P1is pre-configurable. [17,NEC]
· Support that the number of S-SSB(s) transmitted is fixed within P1 per SCS. [18,ITRI]
· The number of S-SSB(s) transmitted within P1 should be fixed per SCS. 160 ms is supported for P1. [19,ZTE,Sanechips]
· For FR1 the number of S-SSBs in a period is fixed as 1/2/4 for 15/30/60 kHz subcarrier spacing respectively. [20,LG]
· S-SSB is transmitted within a slot (i.e., No S-SSB transmission across slot is allowed). All S-SSBs in S-SSB period are successively transmitted within a frame. [20,LG]
· [bookmark: _Toc3991679][bookmark: _Toc4140377][bookmark: _Toc5092354][bookmark: _Toc5108637][bookmark: _Toc7809488]In NR SL, the use of S-SSB burst set is not supported. [21,Ericsson]
· Transmit only one S-SSB per period for all SCS in order to avoid excessive overhead. [21,Ericsson]
· Support multiple S-SSB transmissions within one S-SSB period. Support (pre)configurable P1 and number of S-SSBs within one S-SSB period. [25,NTT DOCOMO]
· SSB repetition is supported for NR sidelink; the repetition is performed such that, SSB transmission from a higher priority synchronization source is repeated more times than SSB from a lower priority synchronization source. [26,Qualcomm]
· For multiple S-SSB transmissions in a period (SL-SSB burst set composition), NR DL SSB burst set composition is a starting point with SL-SSB burst window length and SL-SSB burst window offset. [28,ITL]

Proposal 10: The working assumption of the number of S-SSB(s) transmitted within P1 is this number is (pre-) configurable. 
Proposal 11: S-SSB repetition in one period should be supported to extend the coverage range of S-SSB and maintain the transmission flexibility of S-SSB. 

Offline discussion:
· Alt 1: the number of S-SSB(s) transmitted within P1 is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Periodicity of S-SSB transmission

Many companies [3,Huawei,HiSilicon] [7,Nokia,NSB] [16,ETRI] [21,Ericsson] [22,Spreadtrum] [27,Xiaomi] proposed that more than one S-SSB periodicity should be supported and with the periodicity configured by the network. Two companies [8,OPPO] [10,Samsung] proposed only one S-SSB periodicity 160ms for all SCS.
· Support configurable S-SSB periodicity values, the S-SSB periodicity value should be no more than 160ms. [3,Huawei,HiSilicon]
· S-SSB periodicity can be (pre-)configured at least among {40, 80, 160}ms for all scs. [7,Nokia,NSB]
· The periodicity of S-SSB is 160ms for all SCS in NR-V2X. [8,OPPO]
· NR V2X shall support a single periodicity of 160 ms for S-SSB, regardless of the numerology and carrier frequency. [10,Samsung]
· The periodicity of S-SSB is a multiple of the LTE SLSS periodicity (160ms). [21,Ericsson]
· S-SSB transmission periodicities should be configurable and multiple of 80/160ms can be used as a starting point. [22,Spreadtrum]
· A longer default periodicity with configurable periodicity according to synchronization signal coverage could be defined.  [27,Xiaomi]

Proposal 12: At least 160ms should be (pre-) configured as the S-SSB periodicity for all SCS. Other values of S-SSB periodicity are FFS.

Offline proposal:
· At least 160ms is supported as the S-SSB periodicity for all SCS.
· [bookmark: _GoBack]The number of S-SSB(s) within one S-SSB period is fixed as 1, 2, 4 for SCS 15kHz, 30kHz and 60kHz, respectively.
· Whether S-SSB repetition or beam forming for FR1/FR2 is FFS.

Offline discussion:
· 160ms is the S-SSB transmission periodicity for all SCS.



PSBCH contents

PSBCH contents were discussed by a lot companies in the below table,
	PSBCH Contents
	Proposals
	Supporting companies

	Timing information
	PSBCH carries the information to derive direct frame timing, such as DFN, slot number and/or S-SSB index.
	[3,Huawei,HiSilicon] [4,vivo] [7,Nokia,NSB] [9,MediaTek] [10,Samsung] [11,CATT,CAICT] [12,Intel] [15,Futurewei] [19,ZTE,Sanechips] [20,LG] [22,Spreadtrum] [26,Qualcomm] 

	TDD UL/DL configuration
	TDD UL/DL configuration and/or SFI information should be included in PSBCH with reasonable overhead.
	[3,Huawei,HiSilicon] [4,vivo] [7,Nokia,NSB] [8,OPPO] [10,Samsung] [11,CATT,CAICT] [12,Intel] [15,Futurewei] [19,ZTE,Sanechips] [20,LG] [24,Sharp] [25,NTT DOCOMO] 

	SL BWP
	PSBCH indicate the location and/or bandwidth of SL BWP.
	[3,Huawei,HiSilicon] [10,Samsung] [12,Intel] [15,Futurewei] [22,Spreadtrum]  



A lot of companies proposed that InCoverage indicator should be indicated by PSBCH, and there are two options on how to indicate it as in below table,
	Options
	How to indicate InCoverage indicator
	Supporting companies

	Option 1: 
PSBCH payload
	InCoverage indicator can be carried in PSBCH payload.
	[3,Huawei,HiSilicon] [10,Samsung] [15,Futurewei] [26,Qualcomm] 

	Option 2: 
PSBCH DMRS or SLSS-IDs
	InCoverage indicator can be carried in PSBCH-DMRS or SLSS ID rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
	[4,vivo] [9,MediaTek] [11,CATT,CAICT] [22,Spreadtrum]



The proposals of PSBCH contents were as follows
· At least the simplified SFI can be carried by the PSBCH, how to deliver the slot level TDD-UL-DL configuration is FFS. [3,Huawei,HiSilicon]
· S-SSB frequency location should be configured to sidelink UE together with V2X communication carrier frequency. The frequency offset between S-SSB and channel bandwidth is indicated by the in-coverage UE in the PSBCH. [3,Huawei,HiSilicon]
· The following fields are included in the PSBCH payload: Bandwidth, TDD configuration, DFN, InCoverage indication, Hop number, Periodicity, and Type of sync source. [3,Huawei,HiSilicon]
· A unified PSBCH payload should be defined for in all cases, e.g., under the controlled of NR network or LTE network. The TDD-config configurations provided by eNB and gNB have different formats. In-coverage indicator should be carried by an SLSS or DMRS. [4,vivo]
· S-SSB index indication should be supported, and DMRS of PSBCH is used to indicate the index. [5,Fujitsu]
· The synchronization source type and the number of hops should be indicated in the PSBCH content. [3,Huawei,HiSilicon] [6,TCL]
· Indicating slot index directly might not be feasible due to larger number of bits needed. SL-BWP (also for IDLE) can be assumed to be (pre-)configured for the UE (including the numerology), thus there would not appear to be any no need to provide the information again in MIB. [7,Nokia,NSB]
· The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X. To reduce payload size that is needed for cell-specific slot format configuration in PSBCH, part of information elements can be carried in PSBCH. [8,OPPO]
· The inCoverage indicator can be carried in PSBCH-DMRS or SLSS ID rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [9,MediaTek]
· PSBCH for NR V2X should at least include system timing information and slot format indicator (SFI). In Coverage Indicator can be carried by PSBCH DMRS implicitly instead of PSBCH content explicitly. [11,CATT,CAICT]
· The NR PSBCH additionally contains: V2XBarred to indicate if V2X operation is enabled on the carrier; FFS if a pointer towards more control information is included. [15,Futurewei]
· It is hardly achievable to keep the PSBCH payload size no more than 56 bits if TDD UL/DL configuration are fully indicated in PSBCH. [19,ZTE,Sanechips]
· PSBCH payload includes at least Slot structure, Frame number and Slot index (MSB). PSBCH DM-RS carries at least Slot index (LSB). [20,LG]
· NR PBCH scrambling mechanism is a starting point for PSBCH scrambling. The scrambling sequence before channel coding is initialized with SL-SSID at the start of S-SSB. The scrambling sequence after channel coding is initialized with SL-SSID at the start of S-SSB period. The sequence is generated based on the LSB part of slot index and the PSBCH payload size. [20,LG]
· [bookmark: _Toc1117736][bookmark: _Toc1123595][bookmark: _Toc1121322][bookmark: _Toc5092352][bookmark: _Toc5108636][bookmark: _Toc7809486]The design of PSBCH allows for correct operation when different UEs transmit different fields of information following the same design as in NR. [21,Ericsson]
· Timing information including DFN and S-SSB time index should be indicated in SL-MIB. Directly indicating DFN and slot number requires 17 bits. Even for single periodicity cell-specific TDD-UL-DL configuration, up to 25 bits are needed and they cannot be carried by SL-MIB due to the limited payload size. Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be discussed for sidelink synchronization. [22,Spreadtrum] 
· Use one of the following alternatives for TDD configuration in PSBCH contents: [24,Sharp]
· Alt 1: A number of NR TDD UL/DL patterns are (pre-) configured (each using the TDD-UL-DL-ConfigCommon IE), from which an index in PSBCH contents is used to choose one for NR sidelink. 
· Alt 2: Indicate SL slot pattern in PSBCH contents.
· To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed, instead of indicating DL/UL/flex respectively. [25,NTT DOCOMO]
· RAN1 to discuss the options to convey other system information that is necessary in certain scenarios (TDD configuration, sidelink resource pool, etc.). [26,Qualcomm]

Proposal 13: PSBCH for NR V2X should at least include timing information and TDD-UL-DL information/SFI with reasonable overhead. 

Synchronization Procedures

In RAN1#96, the working assumptions of synchronization priority rules was agreed and assumed the gNB and eNB have same priority as the synchronization source. Many companies [8,OPPO] [10,Samsung] [11,CATT,CAICT] [12,Intel] [15,Futurewei] [17,NEC] [19,ZTE,Sanechips] [24,Sharp] proposed that eNB/gNB should be included into the priority order of GNSS-based synchronization for confirmation of the working assumption. And six companies of them, [8,OPPO] [10,Samsung] [11,CATT,CAICT] [12,Intel] [19,ZTE,Sanechips] [24,Sharp] gave the updated priority order of GNSS-based synchronization, as shown in the following tables,
· [8,OPPO] proposed that adding gNB/eNB related priorities as P3/P4/P5 in GNSS-based synchronization rule. 
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: UE directly synchronized to GNSS 
· P2: UE indirectly synchronized to GNSS
· P3: gNB/eNB
· P4: UE directly synchronized to gNB/eNB 
· P5: UE indirectly synchronized to gNB/eNB 
· P6: the remaining UEs have the lowest priority.
	· P0’: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



· [10,Samsung] proposed that the working assumption is confirmed with the following modification: 
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: 
· UE directly synchronized to GNSS 
· P2: 
· UE indirectly synchronized to GNSS
· P3: eNB/gNB.
· P4: UE directly synchronized to eNB/gNB
· P5: UE indirectly synchronized to eNB/gNB
· P6: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



·  [11,CATT,CAICT] proposed eNB/gNB should be included into the priority order of GNSS-based synchronization for confirmation of the working assumption of synchronization priority rules as shown in the following table:
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· UE directly synchronized to gNB/eNB 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· UE indirectly synchronized to gNB/eNB 
· P3: the remaining UEs have the lowest priority.
	· P0’: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



· [12,Intel] preferred that priority rules for GNSS and gNB/eNB based synchronization should be symmetrical and proposed to agree on sidelink synchronization source priorities as defined in following table. 
	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0: GNSS
P1: UE directly synchronized to GNSS
P2: UE indirectly synchronized to GNSS
P3: gNB/eNB
P4: UE directly synchronized to gNB/eNB
P5: UE indirectly synchronized to gNB/eNB
P6: the remaining UEs have the lowest priority
	P0: gNB/eNB
P1: UE directly synchronized to gNB/eNB
P2: UE indirectly synchronized to gNB/eNB
P3: GNSS
P4: UE directly synchronized to GNSS
P5: UE indirectly synchronized to GNSS
P6: the remaining UEs have the lowest priority



· [19,ZTE,Sanechips] proposed that UE directly synchronized to gNB/eNB added for P1 and UE indirectly synchronized to gNB/eNB added for P2 for the synchronization reference selection for out-of-coverage UE: 
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· UE directly synchronized to gNB/eNB 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· UE indirectly synchronized to gNB/eNB 
· P3: the remaining UEs have the lowest priority.
	· P0’: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



· [24,Sharp] proposed that confirming the following working assumption with changes highlighted in yellow:
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•	P0: GNSS 
•	P1: the following UE has the same priority: 
•	gNB/eNB synchronized to GNSS 
•	UE directly synchronized to GNSS 
•	P2: the following UE has the same priority: 
•	UE indirectly synchronized to GNSS
•	P3: the remaining UEs have the lowest priority.
	•	P0: gNB/Enb
•	P1’: UE directly synchronized to gNB/eNB 
•	P2’: UE indirectly synchronized to gNB/eNB 
•	P3’: GNSS 
•	P4’: UE directly synchronized to GNSS 
•	P5’: UE indirectly synchronized to GNSS
•	P6’: the remaining UEs have the lowest priority. 



Other proposals about working assumption on the synchronization priority table were as follows,
· [3,Huawei,HiSilicon] proposed that the WA for synchronization procedure can be confirmed under the following conditions: 
· Synchronous and asynchronous timing between gNB and eNB are supported. 
· The timing differences between eNB and gNB should be configured to the sidelink UEs.
· [5,Fujitsu] proposed that as for the synchronization priority, the current WA is confirmed with the following note: Groupcast UE is by default to be (pre)configured to GNSS-based synchronization and is (pre)configured to eNB/gNB-based synchronization only in the synchronous network deployment. 
· [7,Nokia,NSB] proposed that the working assumption on the synchronization priority table is confirmed with the clarification that when network-based synchronization is selected the carrier that is used by the UE for receiving eNB or gNB signals is (pre)configured.
· [9,MediaTek] proposed that network should prioritize to configure GNSS as sync source when the network deployment is asynchronous. And Configure the timing difference between eNB and gNB is not feasible. The sidelink UE should align its DFN timing with GNSS when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier.
· [14,Sequans] proposed that working assumption of synchronization priority rules should be modified to allow the possibility of prioritizing synchronization from UE in same group. Configuration from gNB can control if such prioritization is enabled or disabled. 
· [15,Futurewei] proposed that for GNSS-based method, the gNB/eNB as sync sources should be added for completeness.
· [17,NEC] proposed that adding eNB/gNB to the end of the priority order of GNSS-based synchronization. 
· [20,LG] confirmed the working assumption on the synchronization reference priority rule. FFS whether and how to handle the interference issue in partial coverage case.
· [28,ITL] proposed that the working assumption from RAN1#96 can be further improved by considering additional information such as the frequency location of SL-SSB, associated resource pool, type of Sync source, hop information and/or transmission type.

When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., S-RSRP) [8,OPPO] [10,Samsung] [11,CATT,CAICT] [12,Intel] [15,Futurewei] [18,ITRI] [19,ZTE,Sanechips] [21,Ericsson] [27,Xiaomi] [28,ITL].

A lot of companies discussed the issue of Priority and selection of the synchronization sources as follows,
· SLSS of a specific UE (e.g. platoon head) can have a higher priority in unicast and groupcast in the synchronization procedure. [6,TCL] [7,Nokia,NSB] [14,Sequans]
· When network-based synchronization is (pre)configured only SLSS from NR SL UE is used for synchronization of NR SL UE. When GNSS based synchronization is (pre)configured also SLSS from LTE SL UE can be used for synchronization. [7,Nokia,NSB]
· No priority order is defined for initial NR V2X sidelink synchronization. [12,Intel]
· When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP. [15,Futurewei]
· Clarify that “remaining UEs” in P3 are UEs using timing originated from GNSS; Clarify that priority order of a sync source UE is irrelevant to the type of sync signal/channel (i.e. LTE SLSS/PSBCH or NR S-SSB) transmitted by the UE. [17,NEC]
· NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink. And LTE UE is not used as sync source for NR sidelink. [17,NEC]
· For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X. [19,ZTE,Sanechips]
· [bookmark: _Toc5110848]In the list of agreed priorities, the behaviour of ‘UE directly synchronized to gNB/eNB’ is the following [21,Ericsson]:
· [bookmark: _Toc5110849]For operation in coverage on the frequency for V2X sidelink communication, the UE selects the serving gNB as synchronization reference.
· [bookmark: _Toc5110850]For operation out of coverage on the frequency for V2X sidelink communication but in coverage on another frequency, the UE selects an appropriate frequency out of a list configured by the network (that is a gNB/eNB) as synchronization reference.
· [bookmark: _Toc5110851]Other gNB/eNBs are not used as synchronization references for V2X sidelink communication.
· NR SyncRef UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SLSS (SSB) ID within the out-of-coverage SLSS (SSB) ID set. [26,Qualcomm]
· When there are two or more sync references of the same priority available during re-synchronization process [13 Mitsubishi]:
· If there are sync references from the same synchronization class (synchronized together) as the latest used SyncRef, and if their RSRP is sufficient, the UE selects its SyncRef based on one (e.g. strongest) or a combination of synchronization references from the same synchronization class
· Otherwise, the UE selects its SyncRef based on one or a combination of synchronization references from a different synchronization class with highest RSRP 

Proposal 14: For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
Proposal 15: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., S-RSRP).

Offline discussion:
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: UE directly synchronized to GNSS 
· P2: UE indirectly synchronized to GNSS
· P3: gNB/eNB
· P4: UE directly synchronized to gNB/eNB 
· P5: UE indirectly synchronized to gNB/eNB 
· P6: the remaining UEs have the lowest priority.
	· P0’: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



RS based sidelink synchronization

According to 5G V2X WID [1], use of RS for sidelink synchronization should be studied if specification impact is identified. Most companies supported that RS based synchronization can be supported by UE implementation without specification impact. Three companies [12,Intel] [20,LG] [26,Qualcomm] proposed that UE should transmit some kind of indicators.
	Alternatives
	Whether specification impact is identified
	Supporting companies

	Alt. 1
	No specification impact.
· RS based synchronization can be supported by UE implementation without specification impact.
	[3,Huawei,HiSilicon] [8,OPPO] [9,MediaTek] [10,Samsung]  [11,CATT,CAICT] [18,ITRI] [21,Ericsson] [25,NTT DOCOMO]  

	Alt. 2
	With specification impact.
· UE should indicate its synchronization source type. [12,Intel]
· UE should transmit an indicator whether the RS is reliable enough for other UEs to track the RS for sync purpose. [20,LG] 
· UE should transmit its GNSS coverage state. [26,Qualcomm]
	[12,Intel] [26,Qualcomm]
[20,LG]



RS based sidelink synchronization related discussions as follows,
· UE that uses reference signal-based synchronization for its transmission cannot be independent synchronization source, but it needs to synchronize to reference signals of some other UE before SL transmission. [7,Nokia,NSB]
· UE transmitting PSCCH/PSSCH indicates its synchronization source type. [12,Intel]
· For Sidelink RS based synchronization, the adopted RS can be DM RS or other RS as long as the length of the RS is large enough. Besides, in order to reduce specification impact, no new RS is supported and the Sidelink RS based synchronization procedure is achieved by UE implementation. [18,ITRI]
· [bookmark: _Toc5110862]For non-SLSS synchronization, UE transmits an indicator whether the RS is reliable enough for other UEs to track the RS for synchronization purpose. [20,LG]
· [bookmark: _Toc5110852]RS-based synchronization is defined as a complementary procedure to SLSS synchronization and limited to the unlicensed carrier. And the RS-based synchronization mechanism is precluded to work as a standalone synchronization procedure. [21,Ericsson]
· [bookmark: _Toc5110854]The decision of determining the synchronization reference under RS-based synchronization mechanisms is left to UE implementation. [21,Ericsson]
· Whether it is up to UE implementation for falling back to S-SSB search from non-SLSS based synchronization should be clarified. [22,Spreadtrum]
· RS-based SL synchronization is not defined in Rel-16 NR V2X WI. UE implementation can apply RS-based SL synchronization in addition to S-SSB-based SL synchronization. [25,NTT DOCOMO]
· UE transmits its GNSS coverage state in (e.g. in MAC header or in control information) of its data/control transmission. GNSS coverage state indication helps in improvement of synchronisation quality and system performance for RS based synchronisation mechanism. [26,Qualcomm]

Proposal 16: RS based synchronization can be supported by UE implementation without specification impact.

Offline discussion:
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.

Other issues

Resource configuration for S-SSB transmission

There were discussions in time and frequency resource configuration or triggering for S-SSB transmission.  [3,Huawei,HiSilicon] [4,vivo] [6,TCL]  [7,Nokia,NSB] [8,OPPO] [10,Samsung] [12,Intel] [19,ZTE,Sanechips] [20,LG] [22,Spreadtrum] [24,Sharp] [27,Xiaomi] [28,ITL]. 
· For the transmission of SLSS, LTE-V2X mechanism will be reused for NR-V2X, i.e.: Network configured transmission of SLSS; and UE triggered transmission of SLSS with defined triggering conditions. [3,Huawei,HiSilicon]
· The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements over the RX antennas. [3,Huawei,HiSilicon]
· FDM between S-SSB and PSFCH/PSSCH/PSCCH is not supported. S-SSB burst set should be transmitted within a 5-ms time window. [4,vivo]
· T Support configurable time-domain resources for SL-SS transmissions. FDM multiplexing of S-PSS and S-SSS with other signals should not be allowed inside the S-SSB. [6,TCL]
· o support different deployments with different UL-DL slot configurations, it might not be possible to support fixed S-SSB candidate time location pattern. [7,Nokia,NSB]
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [8,OPPO]
· Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X. [10,Samsung]
· S-SSB transmission can be network configured or UE triggered. [12,Intel] [22,Spreadtrum]
· Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported. [19,ZTE,Sanechips]
· Up to two slots for SLSS transmission and/or reception is supported. LTE synchronization procedure using up to two subframes is reused. [20,LG]
· RAN1 should discuss multiplexing S-SSB and other sidelink channels (PSCCH/PSSCH/PSFCH) in time domain or frequency domain (due to CP-OFDM). [22,Spreadtrum]
· Reuse the condition of SLSS/PSBCH transmission in LTE V2X for S-SSB transmission in NR sidelink, which includes: Network configuration, or measured RSRP compared with (Pre-) configured threshold. [24,Sharp]
· S-SSB transmitting triggering scheme should be specified. [27,Xiaomi]
· Both TDM and FDM for S-SSB transmissions from different source types can be considered. [12,Intel] [28,ITL]

Synchronization enhancements

There were proposals on synchronization enhancement schemes [9,MediaTek] [13,Mitsubishi] [20,LG] [21,Ericsson] [23,Apple] [26,Qualcomm] as follows,
· Do not introduce multiple-cluster synchronization in NR V2X, as the overloading is very high for sidelink UE to communicate with asynchronous UEs based on multi-cluster synchronization mechanism in NR V2X. [9,MediaTek]
· Support mechanisms allowing merging synchronization clusters. [13,Mitsubishi]
· For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure. [13,Mitsubishi]
· Multi-cluster synchronization should be supported. Rel. 12/13 LTE D2D mechanism is a starting point. [20,LG]
· Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference. [21,Ericsson]
· Synchronization group/source dynamic merging and consolidation. [23,Apple]
· Synchronous-SLSS only based synchronization enhancements (perform the SLSS search only on a restricted window) [26,Qualcomm]
· NR SyncRef UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SLSS (SSB) ID within the out-of-coverage SLSS (SSB) ID set. [26,Qualcomm]
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Appendix: RAN1 agreements on synchronization

RAN1#94 agreements:

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

RAN1#94bis agreements:

Agreements:
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

Agreements:
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

Working assumption:
· For the purpose of evaluation, the initial frequency error should be within ±[5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization.
· Note: This is the error of the local oscillator for the Tx and Rx with respect to the absolute carrier frequency.

Agreements:
· 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)

Agreements:
· Periodic transmission of S-SSB in NR V2X  is supported
· FFS:  whether one/more S-SSB is transmitted in a period

RAN1#95 agreements

Agreements:
· Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation.  

Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 

Agreements:
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster

Agreements:
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
· Alt1: 24 PRBs 
· Alt2: 20 PRBs  
· Other values are not precluded

Agreements:
· For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.
· Others are not precluded.

Agreements:
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
· The length of S-PSS and S-SSS sequences
· If and how to distinguish from NR Uu PSS and SSS sequences
· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 
· Use cases of NR SL-SSID should be addressed

Agreements:
· Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.
· Detection probability of S-PSS/S-SSS
· Decoding BLER of PSBCH
· Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR)  on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
· Discuss further offline payload size of PSBCH  to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference
Scenario 2: effect of interference includes in the model
	Scenario 1: no interference


	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency



Agreements:
· The study of NR V2X synchronization includes synchronization based on S-SSB  
· The study also includes use of other sidelink signals/channels (e.g., other RSs in the SL, using PSSCH, using PSCCH, etc.) for the sidelink synchronization

RAN1#AH-1901 agreements:

Agreements:
· For NR SLSS, as the baseline:
· The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
· The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS

Agreements:
· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypothses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4

Further discussion offline to identify several potential options for SL-SSB in terms of combinations of # of RBs and # of symbols for S-PSS/S-SSS, for additional more focused evaluations

Agreements:
· 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.  

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

Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority

RAN1#96 agreements:

Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
19. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
19. This RS is not a standalone RS and not part of SLSS.  
19. This RS will not appear in the synchronization procedure for the selection of sync sources.
19. RS used for the synchronization purpose would not impact any sidelink RS design
19. FFS:  Whether this RS is DM RS or other RS
19. FFS: Whether this could be achieved by UE implementation 
19. FFS: Specification impact 

RAN1#96bis agreements:

Agreements:
· RAN1 will consider the design of NR SLSS where 
· S-PSS of LTE and NR candidates have similar PAPR.
· S-SSS of LTE and NR candidates have similar PAPR.
· SLSS design should take into consideration PAPR difference between S-PSS and S-SSS.

Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.

Agreements:
· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.

RAN1#97 agreements:

Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
FFS (aim to conclude this week – see below)
· The power difference between S-PSS and S-SSS symbols.
· The transient duration.

Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms

Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)
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