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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]-[25].  The list of issues is categorized as follows, 
· Sidelink synchronization signals
· Whether same sequence is used for both symbols of S-PSS/S-SSS
· NR S-PSS Sequence generation 
· NR S-SSS Sequence generation
· How to derive S-PSS ID and S-SSS ID from SL-SSID
· S-SSB structure
· Position of S-SSS symbols
· PSBCH DM-RS design
· Design of S-SSB burst set 
· PSBCH contents
· Composition of PSBCH payload
· Timing information
· Indication of TDD configuration
· SL-BWP configuration information
· In-coverage Indicator / Type of sync source
· PSBCH Payload size
· Others
· Synchronization procedures
· SL-SSIDs used for each priority
· Prioritization among references of the same priority
· Other issues related to selection of synchronization reference
· Resource configuration for S-SSB transmission
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#98bis, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [2]:

Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.
Agreements:
· The following fields with “green” background are agreed
PSBCH contents
Number of bits
Notes
DFN


Indication of TDD configuration

System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots
SL-BWP information


In-coverage indicator


Type of sync source


Slot index within a subframe


???


CRC
24

Total bits



Agreements:
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL
· FFS SSIDs used for each priority
· FFS other potential impacts due to P3/P4/P5
· FFS whether there is an issue with prioritization among references of the same priority
Send an LS to RAN2 regarding the above – Teng (CATT), R1-1911710, which is approved (by adding cc-ing to RAN4) with final LS in R1-1911718.
Agreements:
672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE
Agreements:
· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.



In the email discussion [98b-NR-17] after RAN1#98bis, RAN1 reached the following agreements about PSBCH DM-RS design:

· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
· Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS


Based on these objectives and agreements, companies continued discussion on sidelink synchronization mechanism in [3]-[25].

Sidelink Synchronization Signals

Whether same sequence is used for both symbols of S-PSS/S-SSS

In RAN1#97 meeting, the working assumption had been agreed that for the NR SLSS, same sequence is used for both symbols of S-PSS, and same sequence is used for both symbols of S-SSS.
14 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 [3,Huawei,HiSilicon] [5,vivo] [6,Fujitsu] [8,CATT] [10,TCL] [13,Samsung] [14,ZTE,Sanechips] [15,Spreadtrum] [16,ITRI] [17,LG] [20,Sharp] [22,NTT DOCOMO]. 

Proposal 1: 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-SSS.

NR S-PSS 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,Nokia,NSB] [5,vivo] [8,CATT] [9,Intel] [10,TCL] [13,Samsung] [15,Spreadtrum] [17,LG] [25,ITL]. 

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 shown in below:
· 22 and 65: [8,CATT] [9,Intel] [17,LG] 
· 21 and 64: [13,Samsung] [17,LG]
	 [8,CATT] [9,Intel] [10,TCL] [13,Samsung] [17,LG] [19,NEC] 

	Option 2:
Polynomial_131
	For S-PSS sequence, the second polynomial of SSS, i.e., x7+x+1, is reused, and its cyclic shifts shown in below:.
· 0 and 43: [25,ITL]
	[5,vivo] [25,ITL]

	Option 3:
Poly_145 or 131
	Either different cyclic shift of NR-PSS (polynomial 145) or polynomial 131 is used as S-PSS. 
· If 145 is used, Cyclic shifts are {21,64} or {22,65}; [3,Huawei,HiSilicon]
· If 145 is used, use two cyclic shift values that are ≥21 shifts separated from cyclic shift values used for NR-Uu. [4,Nokia,NSB]
· If 145 is used, Cyclic shifts are 21 and 65; [15,Spreadtrum]
	[3,Huawei,HiSilicon]
[4,Nokia,NSB]
[15,Spreadtrum]



From above table, the NR S-PSS Sequence generation should consider the following two options:
· Option1 [Supported by 6 companies]: S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with DL-PSS shown in below:
· [Supported by 3 companies] 22 and 65. 
· [Supported by 2 companies] 21 and 64 
· Option 2 [Supported by 2 companies]: For S-PSS sequence, the second polynomial of SSS, i.e., x7+x+1, is reused.

Proposal 2:  S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts {22, 65} to that of NR DL-PSS.

The detailed proposals of primitive polynomials and cyclic shifts of NR S-PSS Sequence generation were as follows,
· For S-PSS, the following two options can be used to generate the two different m sequences: [3,Huawei,HiSilicon]
· 
Option 1: the polynomial is, no limitation on the cyclic shift, e.g. the same cyclic shift of {0, 43} can be used for S-PSS.
· Option 2: the polynomial is the same as PSS, and the two cyclic shift can be {21, 64} or {22, 65}.
· Either different cyclic shifts of NR-PSS (polynomial 145) or polynomial 131 can be used as S-PSS based on sequence properties. Use two different cyclic shifts (versus NR-Uu) of NR-PSS (polynomial 145) or two cyclic shifts of polynomial 131 as S-PSS ID. If NR-PSS polynomial, with same initialization, is used as S-PSS, use two cyclic shift values that are ≥21 shifts separated from cyclic shift values used for NR-Uu.  [4,Nokia,NSB]
· 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. [5,vivo]
· S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with NR DL-PSS,  the two cyclic shifts of S-PSS can be set to {22, 65}. [8,CATT]
· For S-PSS sequence generation, reuse the same polynomial and initialization state as defined for PSS. Apply time reversal mapping in frequency domain to get complex conjugated version of the legacy PSS signal in time domain. [9,Intel]
· [bookmark: _Hlk7701464]Support the use of same polynomial as NR-DL-PSS with different cyclic shifts. Synchronization complexity when multiple sync sources are available should be investigated. For reduced complexity synchronization, initial sync source type should be indicated by S-PSS. [10,TCL]
· For V2X S-PSS, down select from the following two alternatives: [15,Spreadtrum]
· Same polynomial as NR DL PSS with different cyclic shift values, e.g. 21/22 and 64/65
· Different polynomials, e.g. 131, FFS cyclic shift values
· The sequence types and length for NR-PSS and NR-SSS are agreed to be reused for S-PSS and S-SSS in NR V2X. However, some parameters, including the values of cyclic shift, should be revised for S-PSS and S-SSS in order to meet the purposes and requirements for NR V2X, where the details are FFS. [16,ITRI]
· S-PSS use the PSS sequence generation polynomials with different cyclic shifts. [17,LG]
· S-PSS sequence(s) use same polynomial, while different cyclic shifts as PSS. [19,NEC]
· For S-PSS, primitive polynomial for x(m): 203(8) (= x7+x1+1, primitive polynomial used for NR DL SSS),   CS values for x(m): 0, 43 (2 sequences). [25,ITL]

NR S-SSS Sequence generation

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 Gold sequences of DL-SSS, i.e., use the same polynomials, initial values and cyclic shifts as that of DL-SSS.
	[4,Nokia,NSB] [5,vivo] [8,CATT] [9,Intel] [10,TCL] [13,Samsung] [15,Spreadtrum] [25,ITL] [17, LG]

	Option 2
	For S-SSS, the same polynomial as NR Uu SSS is adopted with different cyclic shift values.
	[3,Huawei,HiSilicon] [17,LG] [25,ITL]



From above table, the NR S-SSS Sequence generation should consider the following two options:
· Option1 [Supported by 9 companies]: S-SSS reuses the Gold sequences of DL-SSS, i.e., use the same polynomials, initial values and cyclic shifts as that of DL-SSS.
· Option 2 [Supported by 2 companies]: For S-SSS, the same polynomial as NR Uu SSS is adopted with different cyclic shift values.

Proposal 3:  S-SSS reuses, the same polynomials, initial values and cyclic shifts as that of the Gold sequences of NR DL-SSS.

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 as following: [3,Huawei,HiSilicon]


· Use the NR-Uu SSS design as a baseline for S-SSS design. [4,Nokia,NSB]
· For S-SSS sequence, the polynomials of SSS are reused. [5,vivo]
· S-SSS reuses the Gold sequences of DL-SSS, i.e., use the same polynomials, initial values and cyclic shifts as that of DL-SSS. [8,CATT]
· For SSSS/S-SSS sequence generation, reuse the same polynomials and initialization state as defined for legacy SSS on Uu link. [9,Intel]
· Support the reuse of NR DL-SSS sequences for SL-SSS (same polynomial and cyclic shifts). [10,TCL]
· The sequences for generating S-SSS can be down-selected from the sequences for generating NR Rel-15 SSS. [13,Samsung]
· Support to reuse NR DL SSS sequences as V2X S-SSS. [15,Spreadtrum] 
·  S-SSS use the SSS sequence generation polynomials with down-selection among the same different cyclic shifts. [17,LG]
· 
· 
· 
· 
· For S-SSS, 2 primitive polynomials: x0(m)=203(8) (= x7+x1+1), x1(m)=221(8) (= x7+x4+1), CS values for x0(m): 0, 5, ..., 25 (6 sequences) (or 45, 50, ...., 70 (6 sequences)), CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences). [25,ITL]

How to derive S-PSS ID and S-SSS ID from SL-SSID

In RAN1#98, it had been agreed that the number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}. And how to derive S-PSS ID and S-SSS ID from SL-SSID is FFS.
Three companies proposed that the mapping rule between SL-SSID and S-PSS/S-SSS ID should be SLSS ID = S-SSS ID + S-PSS ID·336. [9,Intel] [15,Spreadtrum] [17,LG]

Proposal 4: There are 672 unique physical-layer sidelink identities given by:
  
where  and . 

The proposals of how to derive S-PSS ID and S-SSS ID from SL-SSID were as follows, 
· S-PSS together with S-SSS sequence carry information on SLSS ID ∈ {0, 671}. SLSS ID = nS-PSS·336 + nS-SSS, where nS-PSS ∈{0, 1} and nS-SSS ∈{0, 335}. SLSS ID is signaled and (pre)-configured by gNB/network [9,Intel]
· 


S-PSS sequence is determined by, and S-SSS sequence is determined by and  together, where [15,Spreadtrum]


· Following S-PSS and S-SSS sequences are used with mapping SLSSID to (336 x ID2 + ID1), where ID1={0, …, 335} and ID2={0, 1}. [17,LG]

S-SSB Structure

Position of S-SSS symbols
In RAN1#98 meeting [2], NR S-SSB structure had been agreed, with the condition that it is up to RAN4 to decide whether a transient period is necessary or not. If the transient period is required, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol.
One company proposed that The S-SSB structure will be confirmed only RAN4 replies without a transient period between S-PSS symbol and S-SSS symbol, in addition to between S-SSS symbol and PSBCH symbol [8,CATT].

The detailed proposals on position of S-SSS symbols in one S-SSB were as follows,
· The duration of one symbol is long enough to accommodate the transient period for all SCS cases. [8,CATT]
· S-SSB structure should be confirmed based on whether a transient period is necessary or not between S-PSS symbol and S-SSS symbol, in addition to between S-SSS symbol and PSBCH symbol, as shown in the below table. [8,CATT]
	Alternatives
	Whether a transient period between S-PSS symbol and S-SSS symbol is necessary or not
	Whether a transient period between S-SSS symbol and PSBCH symbol is necessary or not
	S-SSB structure

	Alt.1
	No
	-
	[image: ]

	Alt.2
	Yes
	Yes
	[image: ]

	Alt.3
	Yes
	No
	[image: ]



· 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. [16,ITRI]

PSBCH DM-RS design

In the email discussion [98b-NR-17] after RAN1#98bis, RAN1 reached the following agreements about PSBCH DM-RS design:

· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
· Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS


A lot of companies proposed the design and evaluation of PSBCH DMRS for channel estimation in [3,Huawei,HiSilicon] [4,Nokia,NSB] [5,vivo] [7,MediaTek] [13,Samsung] [14,ZTE,Sanechips] [17,LG] [18,Ericsson] [22,NTT DOCOMO]. 
9 companies proposed that reuse the design of NR PBCH DMRS as much as possible, including sequence type, frequency density, RE mapping or shift in frequency domain [4,Nokia,NSB] [5,vivo] [8,CATT] [13,Samsung] [14,ZTE,Sanechips] [17,LG] [22,NTT DOCOMO]. 
3 companies gave different design of DMRS pattern [3,Huawei,HiSilicon] [7,MediaTek] [18,Ericsson].

For the two FFSs left after the email discussion [98b-NR-17], a lot of companies gave the proposals.
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS

The alternatives of DM-RS RE position shift in frequency domain were in below table:
	Alternatives
	DM-RS RE position shift in frequency domain
	Supporting companies

	Alt. 1
	DM-RS RE position shift in frequency domain is not supported.
	[3,Huawei,HiSilicon]
[7,MediaTek] [17,LG] [18,Ericsson]

	Alt. 2
	DM-RS RE position shift in frequency domain is supported, with the similar mechanism in NR Uu PBCH DM-RS.
	[4,Nokia,NSB] [8,CATT] [13,Samsung]
[14,ZTE,Sanechips]



The alternatives of the number of PSBCH symbols that contain DM-RS were in below table:
	Alternatives
	Number of PSBCH symbols that contain DM-RS
	Supporting companies

	Alt. 1
	Every symbol of PSBCH contains the DM-RS.
	[4,Nokia,NSB] [5,vivo]  [8,CATT] [13,Samsung] [14,ZTE,Sanechips] [17,LG]

	Alt. 2
	NOT every symbol of PSBCH contains the DM-RS.
	[3,Huawei,HiSilicon] [7,MediaTek] [18,Ericsson]



From above tables, the DM-RS RE position shift in frequency domain should consider the following two alternatives:
· Alt. 1 [Supported by 4 companies]: DM-RS RE position shift in frequency domain is not supported.
· Alt. 2 [Supported by 4 companies]: DM-RS RE position shift in frequency domain is supported, with the similar mechanism in NR Uu PBCH DM-RS.

And the number of PSBCH symbols that contain DM-RS should consider the following two alternatives:
· Alt. 1 [Supported by 6 companies]: Every symbol of PSBCH contains the DM-RS.
· Alt. 2 [Supported by 3 companies]: NOT every symbol of PSBCH contains the DM-RS.

Proposal 5: For PSBCH DM-RS RE position: 
· No shift in frequency domain is supported, 
· Every symbol of PSBCH contains the DM-RS. 

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

	[3,Huawei,HiSilicon]
	[image: ]

□ For normal CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbol.
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 9, 12
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0,7, 10
□ For extended CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbols. 
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 8, 10
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0, 6, 9.
	1/4
	See the text in the left
	For the PSBCH DMRS, we need consider different DMRS density for different SCS since the duration of a synchronization slot s different while the coherence time of the propagation channel is fixed. The main consideration is that: for 15 kHz SCS, more DMRS symbols are needed to support 500km/h relative speed since one slot occupy 1ms duration. For higher SCS, since the duration of every slot will be reduced then fewer DMRS symbols can be considered.

	[5,vivo]
	


Option 1 is preferred, i.e., each PSBCH symbol contains DMRS.
	1/4
	Every symbol
	· When DMRS frequency domain density is fixed, there is only a little difference between PSBCH decoding performances assuming PSBCH DMRS with different time-domain patterns in low-speed case, while in high-speed case, option.1 shows a 0.7~ 1dB gain over that of the other two options. 
· When the PSBCH code rate is less than 0.031, further reduction of PSBCH code rate can only provide negligible performance gain.

	[7,MediaTek]
	

Option 2 is preferred, i.e., Every 2 PSBCH symbols contain DMRS.
	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.

	[8,CATT]
	[image: ]
	1/4
	Every symbol
	For NR V2X PSBCH DM-RS, it will take on the similar functions as NR PBCH DM-RS. Therefore, a similar design like NR PBCH DMRS should be used.



The proposals of PSBCH DMRS design are shown in below.
· DM-RS RE position shift in frequency domain is not supported. SLSSID is used to generate the DMRS sequence. [3,Huawei,HiSilicon]
· Adopt frequency shift for S-SSB DM-RS position based on SS ID (mod4). It would be preferable to have common S-SSB design for all scs. Map DM-RS to all symbols of PSBCH. [4,Nokia,NSB]
· Each PSBCH symbol contains DMRS. PSBCH DMRS sequence is generated based on SLID and a part of the S-SSB index. [5,vivo]
· The sparse NR PSBCH DMRS pattern, i.e., 1 DMRS symbol every 2 PSBCH symbols, can be used. The starting symbol for NR PSBCH DMRS can be the 2nd symbol of PSBCH considering the potential usage of SSS (ahead of the 1st PSBCH symbol) for assisting PSBCH CE. For NR PSBCH DMRS, the location within the RB is fixed without any frequency cyclic shift. [7,MediaTek]
· NR V2X PSBCH DM-RS pattern should reuse that of NR PBCH, including every symbol of PSBCH has the DM-RS and support DM-RS RE position shift based on SL-SSID in frequency domain. [8,CATT]
· DM-RS of PSBCH uses an interlace structure within every symbol for PSBCH, and the following aspects are the same as DM-RS of PBCH: [13,Samsung]
· The shift of RE for DM-RS
· Replace cell ID with sidelink synchronization ID 
· The sequences for generating DM-RS of PSBCH 
· Replace cell ID with sidelink synchronization ID in the initial condition
· Remove half frame indicator in the initial condition
· [bookmark: _Toc10895][bookmark: _Toc20691159][bookmark: _Toc20581369][bookmark: _Toc11088][bookmark: _Toc7474984][bookmark: _Toc7118][bookmark: _Toc4170][bookmark: _Toc24161245][bookmark: _Toc18401][bookmark: _Toc24161252]For PSBCH DM-RS, case 1 (every PSBCH symbol has DM-RS) shows better performance than case 2 (every other PSBCH symbol has DM-RS). SL-SSID instead of cell ID is used to determine the frequency domain shift of DM-RS RE in all DMRS symbols of PSBCH. Every PSBCH symbol has DM-RS. [14,ZTE,Sanechips]
· DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS. [17,LG]
 
where   is S-SSB index mod 8.
· Every PSBCH symbol contains DM-RS, of which the RE position is fixed across S-SSBs. DM-RS RE position shift in frequency domain is not supported. [17,LG]
· [bookmark: _Toc24151643][bookmark: _Toc24151644]The channel estimation for PSBCH is based on DMRS. A single pattern is defined for PSBCH DMRS. The DMRS is multiplexed in frequency with PSBCH and mapped in a comb-like pattern for the first symbol of S-SSB (i.e., every other subcarrier is set to zero). Include 4 DMRS symbols using comb-4 DMRS multiplexed in frequency for the contiguous PSBCH symbols in S-SSB (symbols 5-12 in the slot). Reuse the sequence generation procedure of PBCH DMRS for PSBCH DMRS, with   replaced by SLSSID and i_SSB set to 0. A DMRS RE position shift in frequency domain is not needed. [18,Ericsson]
· DM-RS is mapped on every PSBCH symbol as PBCH in NR Rel-15 if PSBCH payload size is 56 bits or less. Otherwise, less density in time-domain is considered. [22,NTT DOCOMO]

Design of S-SSB burst set

In RAN1#98bis meeting [2], it is confirmed that the number of S-SSB transmissions within one period is configurable, maximum 4 S-SSBs can be configured for FR1 and 64 S-SSBs for FR2, and FFS details for the multiple S-SSB transmissions within one S-SSB period, including the set of slots, repetition, etc.
A lot of companies proposed the detailed transmission scheme for multiple S-SSBs within one period [3,Huawei,HiSilicon] [4,Nokia,NSB] [5,vivo] [6,Fujitsu] [8,CATT] [12,Futurewei] [13,Samsung] [15,Spreadtrum] [17,LG] [18,Ericsson] [21,OPPO] [24,Sequans] [25,ITL]. 
12 companies supported that time locations of S-SSB burst sets within one S-SSB period should be (pre)-configured [3,Huawei,HiSilicon] [4,Nokia,NSB] [6,Fujitsu] [8,CATT] [12,Futurewei] [13,Samsung] [17,LG] [18,Ericsson] [24,Sequans] [25,ITL]. 
2 companies supported that fixed S-SSB burst sets pattern in the time domain [5,vivo] [15,Spreadtrum].
Therefore, most of companies proposed that time locations of S-SSB burst sets within one S-SSB period should be (pre)-configured, and the proposed (pre)-configured parameters for S-SSB burst set and corresponding supporting companies are listed in the below table:
	No.
	(Pre)-configured parameters for S-SSB burst set
	Supporting companies

	N1
	The offset to the start of a S-SSB period
	[3,Huawei,HiSilicon] [4,Nokia,NSB] [8,CATT] [13,Samsung] [17,LG] [25,ITL]

	N2
	The number of S-SSBs within one S-SSB burst set or the repetition factor R for S-SSB
	[3,Huawei,HiSilicon] [8,CATT] [12,Futurewei] [13,Samsung] 

	N3
	The number of transmission bursts within a S-SSB burst set or the actually transmitted S-SSB group(s) 
	[3,Huawei,HiSilicon] [8,CATT] [13,Samsung]

	N4
	The number of S-SSBs within each burst or the actually transmitted number x of S-SSB within each group
	[3,Huawei,HiSilicon] [8,CATT] [25,ITL]

	N5
	The interval between neighboring S-SSBs
	[3,Huawei,HiSilicon] [4,Nokia,NSB] [8,CATT] [17,LG] [18,Ericsson]



The meaning of N1, N2, N3, N4 and N5 in the above table is shown in the figure below:

 S-SSB periodicity 160ms
N1 (Offset)
S-SSB burst set
N2 = 64 S-SSBs
  
One S-SSB burst
One S-SSB
  
 
 
  
 
 
 
  
 
  
 
 
 
 
 
  
 
 
 
 
 
 
N5 = 2 slots (Interval)
N3 = 8 bursts

N4 = 8 S-SSBs


Proposal 6: The S-SSB pattern in time domain should be (pre)-configurable to accommodate different TDD UL-DL slot configurations.

Proposal 7: An S-SSB burst is defined as a group of S-SSBs.  The S-SSB burst set is defined as a number of S-SSB bursts transmitted within one period with the following (pre)-configured parameters:
· N1: The offset to the start of a S-SSB period;
· N2: The number of S-SSBs within one S-SSB burst set;
· N3: The number of transmission bursts within a S-SSB burst set;
· N4: The number of S-SSBs within each burst.
· N5: The interval between neighboring S-SSBs;

The proposals of design of S-SSB burst set were as follows,
· The repetition factor R for S-SSB should be (pre-)configured to a synchronization resource. For the configured repetition factor R, the S-SSB will be transmitted R times by repetition manner. [3,Huawei,HiSilicon]
· All the S-SSB should be contained within a short window which can be defined as S-SSB burst set. The S-SSB burst set is transmitted within a radio frame. A time offset can be (pre-)configured within the S-SSB periodicity to indicate the S-SSB burst set. A unified S-SSB structure is preferred to support FR1 and FR2 with S-SSB repetition or analog beamforming. [3,Huawei,HiSilicon]
· The following structure can be used for NR-V2X S-SSB burst set: [3,Huawei,HiSilicon]
· 8 S-SSB candidate groups are defined which occupies 1ms.
· Every S-SSB group includes multiple candidate S-SSB.
· The interval between different S-SSB can be pre-defined.
· The following signaling can be used to configure the actually transmitted location: 
- The actually transmitted S-SSB group(s).
- S-SSB repetition factor R. 
- The actually transmitted number x of S-SSB within each group. 
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· UL-DL slot configuration needs to account multiple aspects to support NR-Uu. It may not be feasible to assume S-SSB transmission in consecutive slots. If multiple S-SSBs are transmitted within the period (of 160ms), the S-SSBs can be distributed over the whole period. S-SSB time location pattern should not be fixed in specification. UE could assume that the S-SSB occur in fixed intervals. No fixed time locations are determined for S-SSBs. If multiple S-SSBs are transmitted within the period (of 160ms), UE may not assume that they are sent via same spatial filter. [4,Nokia,NSB]
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· Support a compact S-SSB pattern where slot(s) containing N S-SSB(s) are the first N or the last N slot(s) in a 10 ms time window. If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, TX UE has to indicate the number of bursts and burst size in its PSBCH to inform RX UE of its pattern. If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, there are some issues on how to define the sync resource and how to exclude the sync resources from the resource pool. Distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is not supported. A subset of S-SSB can be assumed as QCLed. For example, the S-SSB with the same value of (S-SSB index MOD M) or (S-SSB index/M) can be assumed as QCLed, where M is a QCL factor. [5,vivo]
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· All the S-SSBs in one S-SSB period are confined within a time window. [6,Fujitsu]
· For FR1, the window length is 1ms
· For FR2, the window length is 10ms
The position of the time window is (pre)configurable. 
The S-SSB position of each S-SSB within the time window is (pre)configurable.
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· S-SSB burst and S-SSB burst set should be supported for the flexibility of S-SSB configuration and adaption to available sidelink slots. The following parameters should be pre-configured. [8,CATT]
· Number of S-SSBs within one period( )
· Number of S-SSBs within each burst( )
· Number of interval slots between two bursts within one period( ) 
· Number of interval slots between two S-SSBs within one burst( )
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· S-SSBs are sent in a burst set with a periodicity 160ms, with pre-configured time positions and the number of S-SSBs. [12,Futurewei]
· Support (pre-)configurable transmission patterns of S-SSBs by using: [13,Samsung]
· A (pre-)configured number of transmission bursts within a S-SSB period;
· A (pre-)configured offset for the transmission of S-SSBs within a S-SSB period.
· Support S-SSB index on sidelink, wherein the value is taken from 0 to NSSB-1, and NSSB is the (pre-)configured number of transmitted S-SSBs. [13,Samsung]
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· Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as QSSB), such that at least one of the following alternatives is supported, where ISSB is the S-SSB index: [13,Samsung]
· Alt 1: S-SSBs with same (ISSB mod QSSB) are assumed to be QCLed;
· Alt 2: S-SSBs with same ⌊ISSB/QSSB⌋ are assumed to be QCLed.
· Support single fixed S-SSB burst set pattern in the time domain for a specific band and numerology. [15,Spreadtrum]
· For FR1, support localized S-SSB burst set pattern in Figure 2a where 1/2/4 S-SSBs are consecutively transmitted within one subframe for 15/30/60kHz SCS respectively. 
· For FR2, support distributed S-SSB burst set pattern where 32/64 S-SSBs are divided into 8 bursts with 4/8 S-SSBs in each burst confined within 1ms duration for 60/120kHz SCS respectively 
· For ITS band and FDD band, support short-interval pattern with 1.25ms of interval as shown in Figure 2b
· For TDD band, support long-interval pattern with 10/20ms of interval as shown in Figure 2c.
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· S-SSB location within a S-SSB period is determined by a constant interval and an offset to the start of a S-SSB period, which are (pre-)configured by higher layer signaling. [17,LG]
· The S-SSB transmissions within one S-SSB period happen at regular intervals. The value of the interval is (pre-)configured. [18,Ericsson]
· Multiple S-SSB transmissions are evenly distributed within one S-SSB period. [21,OPPO]
· For S-SSB configuration, consider reuse of free SSB candidates from NR Uu SSB burst set. Consider sharing of SSB burst set candidates between NR SSB and S-SSB transmissions. Muting operation of S-SSB transmission may also be considered to avoid interference. [24,Sequans]
· Multiple SLSS/PSBCH blocks (SL-SSBs) can be present in a SL carrier (frequency domain), and network (or pre-configuration) can provide the synchronization information on the SLSS/PSBCH block, such as SLSSID, frequency/time location, association with resource pool (list), etc. For SL-SSB burst set composition, NR DL SSB burst set composition can be reused with SL-SSB burst window length (e.g. 5ms) and SL-SSB burst window offset. [25,ITL]
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PSBCH contents

Composition of PSBCH payload

In RAN1#98bis meeting [2], the following fields in PSBCH contents with “green” background were agreed. 
	PSBCH contents
	Number of bits
	Notes

	DFN
	
	

	Indication of TDD configuration
	
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	



From above table, DFN, indication of TDD configuration and In-coverage indicator had been agreed as the contents of PSBCH, and FFS other fields.
Composition of PSBCH payload were discussed by a lot companies in the below, including timing information, indication to TDD configuration, SL-BWP configuration information and In-coverage indicator, etc.

The proposals of composition of PSBCH payload were as follows, 
· The following fields are included in the PSBCH payload: [3,Huawei,HiSilicon]
· TDD configuration: 22 bits
· BWP bandwidth: 4 bits
· DFN: 4 bits
· S-SSB group index: 3 bits
· The frequency offset between S-SSB and channel bandwidth: 3bits
	field
	Number of bits
	Notes

	Offset between S-SSB and channel bandwidth
	3
	To indicate the frequency offset between S-SSB and the channel bandwidth

	BWP bandwidth
	4
	Indicate the channel bandwidth

	TDD configuration
	22
	Only cell common TDD configuration are needed.

	DFN
	4
	The frame number of sidelink

	In coverage indicator
	1
	Agreed content

	S-SSB Group index
	3
	Indicate the S-SSB group index

	S-SSB index within group
	
	By SL-MIB scrambling sequence. 
3bits for FR2, 2bits for FR1 at most. 

	Total payload bits
	37
	

	CRC bits
	24
	

	Total bits with CRC
	61
	



· PSBCH payload includes: [5,vivo]
· DFN: 10 bits
· Part of S-SSB index: 3 bits
· S-SSB pattern: 1 bit
· TDD-configSL: 13 bits 
· periodicity: 5 bits
· resources: 8 bits
· The bandwidth of the SL BWP: 3 bits
· In-coverage indication: 1 bit
· Reserved bits for future extension: 1 bit
	
	FR1
	FR2
	Description

	DFN
	10
	10
	Direct frame number, also indicates the offset of S-SSB pattern

	S-SSB index
	0
(0-3 LSB in DMRS)
	3
(3 LSB in DMRS)
	Reusing the mechanism of NR Uu as much as possible.

	S-SSB pattern
	1
	1
	1 bit indicates S-SSB pattern (front-loaded or end-loaded)

	TDD-configSL
(periodicity+SL resources)
	Periodicity:5 bits
	Periodicity:5 bits
	This field mainly benefits the partial-coverage cases. Specifically, if an out-coverage UE obtains the TDD-config from an IC UE, it will not try any sidelink operations in the resources classified as DL.
If the periodicity is 1 slot, 6 bits are used to indicate an SFI which represents the slot format of each slot.

	
	SL resources :
8 bits
	SL resources :
8 bits
	

	Bandwidth
	3
	3
	This field is used to provide the bandwidth of the (pre-)configured sidelink BWP

	In-coverage indication
	1
	1
	Same as LTE V2X

	Reserved bits		Reserved bits Reserved bits
	1
	1
	Further extension



· PSBCH for NR V2X should include DFN, Indication of TDD configuration, S-SSB index, Slot index of 1st S-SSB and In-coverage indicator.  [8,CATT]
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	14
	14bits = 3bits (Period) + 7bits (UL Slot) + 4bits (UL Symbol) 

	S-SSB index
	3
	3 MSBs of 6 bits indicating S-SSB index come from PSBCH payload for FR2

	Slot index of 1st S-SSB
	2
	2bits indicate 4 candidate slot index of 1st S-SSB in one S-SSB burst set

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	2
	Reserved bits

	CRC
	24
	

	Total
	56
	



· The following content is carried by PSBCH. [9,Intel]
· Slot index
· Information on whether priority levels P3-P5 are disabled in case of GNSS based synchronization
· Sidelink Resource Configuration ID (Profile ID)
· Profile of sidelink resource configuration (applicable at least for ITS carriers)
· Includes information on PSCCH/PSSCH/PSFCH and PSBCH resource configuration on given carrier
· SLSS/PSBCH offset with respect to Point A for given sidelink carrier
· Sidelink Carrier Bandwidth and SL BWP parameters
· Reserved bits
· Configurable number of the (pre)-configured set of bits
· The synchronization source type and the number of hops should be indicated in the PSBCH content. [10,TCL]
· PSBCH payload contains the following additional fields: Half frame Indicator, Slot Number/Index, S-SSB Index and SL-BWP. [12,Futurewei]
· In addition to the ones agreed in RAN1 98bis, PSBCH content shall contain at least: [13,Samsung]
· Direct slot number within a frame; 
· Sidelink bandwidth;
· Part of S-SSB index (other than 3 LSBs carried by DM-RS), when the (pre-)configured number of transmitted S-SSB is larger than 8.
· The proposed contents of PSBCH are listed in the below Table. [14,ZTE,Sanechips]
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	[8]
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	16
	

	In-coverage indicator
	1
	

	Subframe number
	4
	

	Slot index within a subframe
	0 (by PSBCH DMRS)
	

	Reserved
	X
	

	CRC
	24
	

	Total bits
	63+X
	



· Support PSBCH contents listed in below Table. [15,Spreadtrum]
	fields
	No. of bits
	Notes

	DFN
	6+2=8
	6 MSBs of DFN + 2-bit resource indicator (see detailed descriptions above proposal 9)

	Slot index within a subframe
	3
	Slot index should be implicitly indicated by S-SSB index. 6 bits are needed to indicate 64 S-SSBs, among which 3 bits could be carried by PSBCH DM-RS sequences as NR DL.

	SL-BWP information
	[3]
	Indicate the size of SL-BWP and the offset between S-SSB and SL-BWP similar as initial DL BWP in NR

	Indication of TDD configuration
	[17]
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots
Indicate slot-level TDD configuration

	In-coverage indicator
	1
	Also indicated by PSBCH DM-RS sequence for FR1

	Type of sync source
	
	Not needed

	total
	32
	


· The content of PSBCH for NR V2X can reuse that in PBCH for 5G NR, and the details are FFS. [16,ITRI]
· PSBCH payload conveys the following information. [17,LG]
	PSBCH contents
	MIB
# bits
	Payload
# bits
	Notes

	DFN
	6
	4
	Direct frame number

	TDD configuration
	11
	
	System-wide configuration for potential SL slots

	In-coverage indicator
	
	1
	Same as LTE-V2X

	Slot index within a frame
	
	7
	For exacting timing information of S-SSB

	Reserved
	
	2
	For future extension

	CRC
	
	24
	

	Total bits (55)
	17
	38
	



Timing information

In RAN1#98bis [2], DFN is agreed to be carried by PSBCH as the frame-level timing. A lot of companies proposed that PSBCH should carry slot-level timing information to derive direct frame timing, such as S-SSB index, slot number and/or subframe number  [3,Huawei,HiSilicon] [4,Nokia,NSB] [5,vivo] [6,Fujitsu] [7,MediaTek] [8,CATT]  [9,Intel] [12,Futurewei] [13,Samsung]  [14,ZTE,Sanechips] [15,Spreadtrum] [17,LG] [18,Ericsson] [19,NEC] [22,NTT DOCOMO].

The alternatives of slot-level timing information were in below table:
	Alternatives
	Indication of Slot-level timing 
	Overhead
	Supporting companies

	Alt. 1
	Slot-level timing is indicated by: S-SSB index
	6 bits
	[3,Huawei,HiSilicon] [5,vivo] [7,MediaTek] [8,CATT] [12,Futurewei] [13,Samsung] [15,Spreadtrum]

	Alt. 2
	Slot-level timing is indicated by: slot number within a frame
	7 bits
	[4,Nokia,NSB] [7,MediaTek] [9,Intel] [12,Futurewei] [13,Samsung] [17,LG] [22,NTT DOCOMO]

	Alt. 3
	Slot-level timing is indicated by: subframe number within a frame and slot number within a subframe
	7 bits
	[6,Fujitsu] [14,ZTE,Sanechips] [18,Ericsson] [19,NEC]



From above table, the slot-level timing information in PSBCH should consider the following three alternatives:
· Alt. 1 [Supported by 7 companies]: S-SSB index (6 bits).
· Alt. 2 [Supported by 7 companies]: slot number within a frame (7 bits).
· Alt. 3 [Supported by 4 companies]: subframe number within a frame and slot number within a subframe (7 bits).

Proposal 8: The slot-level timing information in PSBCH is indicated by S-SSB index.

The proposals of timing information were as follows, 
· To let the S-SSB receiver to derive the S-SSB location within an S-SSB burst set, the following information is indicated: [3,Huawei,HiSilicon]
· The actually transmitted S-SSB group index is indicated by SL-MIB with 3 bits
· The actually transmitted S-SSB index within the group is indicated by the scrambling sequence of SL-MIB with 3 bits for FR2 and 2 bits for FR1.
· To support different deployments with different UL-DL slot configurations, it might not be possible to support fixed S-SSB candidate time location pattern. Slot index information is provided in PBSCH payload. [4,Nokia,NSB]
· For FR1, 3 bits S-SSB index are carried by DMRS, while for FR2, 3 bits S-SSB index are carried by DMRS, and 3 bits S-SSB index are carried by PSBCH. [5,vivo]
· Timing information of transmitted S-SSB is carried by PSBCH:  [6,Fujitsu]
· the subframe number of S-SSB (burst) is indicated in the PSBCH payload; 
· the S-SSB position in the subframe is indicated by the DMRS sequence of PSBCH.
In addition to DFN, the PSBCH payload should include a 4-bit field to indicate the subframe number of this PSBCH located in. To support PSBCH combining decoding, the information bit of DFN is obtained from high layer MIB-SL, while the 4-bit subframe number information is generated from PHY layer. 
· Slot number information should be added for NR V2X. The fixed and unique location for S-SSB in a subframe can be used to derive the slot/subframe information implicitly. How to derive the slot information based on the GNSS information should be specified for NR sidelink, which is missing or not necessary in LTE sidelink. [7,MediaTek]
· DFN is 10bits. The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X. [8,CATT]
· For FR1, the 2 or 3 bits indicating S-SSB index are carried by DMRS sequence of PSBCH 
· For FR2, the 3 MSBs of 6 bits indicating S-SSB index are carried by PSBCH payload and the 3 LSBs of the S-SSB index by DMRS sequence of PSBCH. 
Slot index of 1st S-SSB within one S-SSB burst set should be carried by PSBCH to indicate the time position of 1st S-SSB in one direct frame for NR V2X.
· A single approach to signal the S-SSB index is supported for FR1 and FR2. The S-SSB index is indicated as part of the PSBCH payload. [12,Futurewei]
· [bookmark: _Toc24161253]S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is smaller than or equal to 8; and 3 LSBs of S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is larger than 8. [13,Samsung]
· The timing of S-SSB is indicated based on SFN/DFN, subframe number and S-SSB slot index within a subframe. Subframe number are indicated in PSBCH. Slot index within a subframe is indicated implicitly by one-to-one mapping to the index of the DM-RS sequence of PSBCH. [14,ZTE,Sanechips]
· Frame-level timing, i.e. DFN, should be indicated by {6 MSB of DFN + 2-bit S-SSB resource indicator} in PSBCH contents. Slot-level timing should be implicitly indicated by S-SSB index if single S-SSB burst pattern is supported: [15,Spreadtrum]
· for FR1, the 2-bit S-SSB index should be carried by PSBCH DM-RS sequences
· for FR2, 3 LSB S-SSB index should be carried by PSBCH DM-RS sequences and 3 MSB S-SSB index should be carried by PSBCH payload.
· [bookmark: _Toc24151645]Include the following fields in PSBCH: [18,Ericsson]
· [bookmark: _Toc24151646]Subframe number within a frame
· [bookmark: _Toc24151647]Slot number within a subframe
· About the slot index within a subframe: [19,NEC]
· “Slot index within a subframe” is not included in PSBCH if there is at most one S-SSB transmitted from a given transmitter within a subframe;
· “Slot index within a subframe” is included in PSBCH if there are multiple S-SSB transmitted from a given transmitter within a subframe, and there is no need to introduce additional PSBCH contents besides this case.
· Slot index within the DFN are supported for PSBCH. [22,NTT DOCOMO]

Indication of TDD configuration

In RAN1#98bis, indication of TDD configuration had been agreed to be carried by PSBCH. In NR Uu, the slot format can be configured by semi-static signaling or dynamic signaling. The TDD configuration mechanism of NR Uu can be the starting point, but overhead reduction is the key issue of the indication of TDD UL/DL configuration information for NR V2X. 
In 4 companies’ indication scheme  [5,vivo] [8,CATT] [14,ZTE,Sanechips] [17,LG], TDD UL/DL configuration information is no more than 15 bits, and 2 company’s scheme needs more than 15 bits, [15,Spreadtrum] (needs 17bits)  and  [3,Huawei,HiSilicon] (needs 22 bits). 
There are three alternatives on how to indicate it as in below table,
	Alternatives
	How to indicate TDD UL/DL configuration information
	Supporting companies

	Alt. 1
	Indicate the NR Uu TDD UL/DL Configuration information with overhead reduction, e.g., only inform the number of consecutive uplink slots/symbols and periodicity in order to reduce the overhead. Or convey only the slot-level TDD configuration information.
	  [4,Nokia,NSB] [5,vivo] [8,CATT] [15,Spreadtrum] [17,LG] [20,Sharp] [21,OPPO] [22,NTT DOCOMO]

	Alt. 2
	Indicate the slot format using the pre-defined mapping table mechanism like SFI of NR Uu, i.e., the (pre)configured set of pattern indexes which are one-to-one mapped to the pre-defined slot patterns.
	[8,CATT] [14,ZTE,Sanechips] [20,Sharp] 

	Alt. 3
	Indicate both the TDD UL/DL configuration information and the simplified SFI information.
	[3,Huawei,HiSilicon]



From above table, the Indication of TDD configuration in PSBCH should consider the following three alternatives:
· Alt. 1 [Supported by 8 companies]: Indicate the NR Uu TDD UL/DL Configuration information with overhead reduction, e.g., only inform the number of consecutive uplink slots/symbols and periodicity in order to reduce the overhead. Or convey only the slot-level TDD configuration information.
· Alt. 2 [Supported by 3 companies]: Indicate the slot format using the pre-defined mapping table mechanism like SFI of NR Uu, i.e., the (pre)configured set of pattern indexes which are one-to-one mapped to the pre-defined slot patterns.
· Alt. 3 [Supported by 1 companies]: Indicate both the TDD UL/DL configuration information and the simplified SFI information.

Proposal 9:  The number of bits for indication of TDD configuration should be no more than 15 bits.

Proposal 10:  The TDD configuration information in PSBCH is indicated by NR Uu Cell-specific TDD UL/DL Configuration information with overhead reduction.
· Only inform the number of consecutive uplink slots/symbols and periodicity of one TDD-UL-DL-Pattern in order to reduce the overhead. 

The proposals of TDD UL/DL configuration information were as follows, 
· Both the slot level TDD-UL-DL configuration and the simplified SFI can be carried by the PSBCH. The indication of TDD configuration could be achieved using 22 bits. [3,Huawei,HiSilicon]
· The configuration periodicity is indicated by [4]bits
· The number of UL slots within a period is indicated by [7]bits
· The number of configurable slots is indicated by[7] bits 
· The number of UL symbols in flexible slot is indicated by [4]bits.
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· UL-DL slot configuration (TDD-UL-DL-ConfigCommon) is carried as part of PSBCH payload. Information regarding the UL slot locations can be used in S-SSB slot index information. [4,Nokia,NSB]
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· For TDD-configSL in intra-RAT scheduling case: [5,vivo]
· Multiple periodicities are supported for TDD-configSL in S-SSB, the periodicity of TDD-configSL is the same as that of NR Uu TDD-config in SIB1. 
· 5 bits in PSBCH are used to indicate the periodicity of TDD-configSL. 
· If PSBCH indicates the number of resources available for sidelink with slot-level granularity, 14 bits are required. 
· If PSBCH indicates the number of resources available for sidelink with millisecond-level granularity, 8 bits are required. 
· 8 bits in PSBCH are used to indicate the resources available for sidelink in TDD-configSL. 
· When the periodicity of TDD-configSL is 1 slot for a given SCS, PSBCH directly indicates an SFI index which represents the slot format of each slot. 
· For TDD-configSL in inter-RAT scheduling case, [5,vivo]
· The TDD-configSL configurations provided by eNB and gNB have different formats.
· A unified PSBCH payload should be defined for in all cases, e.g., under the controlled of NR network or LTE network.
· NR Uu Cell-specific TDD-UL-DL-Pattern should be used as indication of TDD configuration in PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. Only inform the number of consecutive uplink slots/symbols and periodicity of NR Uu TDD UL-DL configuration information in order to reduce the overhead. [8,CATT]
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· In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table. [14,ZTE,Sanechips]
· Slot-level TDD-UL-DL configuration should be applied to NR V2X by {3-bit periodicity + 7-bit DL slots + 7-bit UL slots}. [15,Spreadtrum]
· Use one of the following alternatives for time domain resource configuration in PSBCH contents: [20,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: A number of SL slot bitmaps are (pre-) configured, from which an index in PSBCH contents is used to choose one for NR sidelink.
· Alt 3: Indicate an SL slot bitmap in PSBCH contents. 
· 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. [21,OPPO]
· The number of bits for TDD UL-DL configuration/slot format combination in NR PSBCH will be significantly larger than that in LTE. For indication of TDD configuration in PSBCH, a subset of TDD configuration patterns in NR Rel-15 is (pre-)configured and one pattern is informed. [22,NTT DOCOMO]

SL-BWP configuration information

A lot of companies proposed that PSBCH should indicate the sidelink bandwidth/SL-BWP bandwidth, and/or SL-BWP location [3,Huawei,HiSilicon] [4,Nokia,NSB] [5,vivo] [9,Intel] [12,Futurewei] [13,Samsung] [14,ZTE,Sanechips] [15,Spreadtrum] [22,NTT DOCOMO].

The proposals of SL-BWP configuration information were as follows, 
· The SL-BWP bandwidth information should be indicated by PSBCH. 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]
· SL-BWP (also for IDLE) can be assumed to be (pre-)configured for the UE (including the numerology), thus it is not clear why the information would be needed on PSBCH. As SS raster location is (pre-)configured, it would appear to be possible to assume that S-SSB is always aligned with common PRB raster of the BWP and there is no need to provide this information in PSBCH. [4,Nokia,NSB]
· For a connected NR V2X UE, the SL BWP for an SL carrier can be re-configured by gNB. For an SL BWP, the frequency position for S-SSB transmission/reception is located at the center of the SL BWP. [5,vivo]
· Sidelink Resource Configuration ID (Profile ID), which carried by PSBCH, contains the information of Sidelink Carrier Bandwidth and SL BWP parameters. [9,Intel]
· SL-BWP information is indicated in PSBCH. [14,ZTE,Sanechips]
· Support to indicate SL-BWP by {SL-BWP size + offset between S-SSB and SL-BWP} as the indication method of initial DL BWP. [15,Spreadtrum]
· “SL-BWP information” is not included in PSBCH. [19,NEC]
· SL BWP are supported for PSBCH. [22,NTT DOCOMO]

In-coverage Indicator / Type of sync source
In RAN1#98bis [2], In-coverage indicator is agreed to be carried by PSBCH. And FFS whether type of sync source should be included into the PSBCH contents.
2 companies proposed that it should reserve 1 bit in PSBCH payload for In-coverage indicator. [8,CATT] [15,Spreadtrum]

Proposal 11: 1-bit In-coverage indicator is included in PSBCH payload.

The proposals of In-Coverage indicator and type of sync source were as follows, 
· [8,CATT] proposed that In-coverage indicator is 1bit. 
· [15,Spreadtrum] proposed that reserving 1 bit in PSBCH payload for “In-coverage” indicator. For FR1, a copy of this “In-coverage” indicator should be carried by PSBCH DM-RS sequence, to replace half-frame indicator in DL DM-RS generation. 
· [19,NEC]  proposed that “Type of sync source” are not included in PSBCH.
· [21,OPPO] proposed that 1 reserved bit in PSBCH is used to differentiate synchronization source between eNB and gNB.  


PSBCH Payload size

In RAN1#96bis meeting, it is agreed that for the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC. However, as a lot of information need to be conveyed by PSBCH payload, current agreements of 56 bit payload size may be not enough to accommodate all the necessary PSBCH contents. 
Several companies discuss the PSBCH payload size as follows,
· The 70bits payload size satisfies the performance requirements in both NCP and ECP cases. The PSBCH payload size could be greater than 56bits, e.g., it could be 70bits. [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. [5,vivo]
· PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension. [8,CATT]

Others

There were discussions in other aspects for PSBCH contents as follows,
· [5,vivo] proposed the following points about PSBCH Scrambling:
· Two-layer of scrambling are supported for NR PSBCH. 
· For 1st PBCH scrambling, the gold sequence initialized by SLID and a part of frame number is used.
· 1st scrambling is applied to PSBCH payload excluding the S-SSB index and the part of frame number for initialization, prior to CRC attachment and encoding process.
· For the 2nd PBCH scrambling, the gold sequence initialized by SLID is used.
· [7,MediaTek] proposed that 8 symbols for PBCH comprises of one repetition for the 4 symbols of PBCH to enable early termination in most scenarios.
· [13,Samsung] support single scrambling of PSBCH, which is performed after rate matching. 
· The initial condition of the scrambling sequence is sidelink synchronization ID;
· The S-SSB index or part of S-SSB index carried by DM-RS of PSBCH is utilized for the generation of scrambling sequence.
· [17,LG] proposed that NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling.
· The first-stage and the second-stage scrambling sequences are initialized with Cinit=SLSSID at the beginning of S-SSB period.
· The scrambling sequences are generated based on the S-SSB index and its modulo-8 value for the 1st and the 2nd scrambling respectively.
· [18,Ericsson] proposed that a UE using SLSS as synchronization reference configures the corresponding parameters with the values provided in PSBCH by the synchronization reference. For the fields carried by PSBCH, the UE uses the values in its current configuration.

Synchronization Procedures

SL-SSIDs used for each priority

In RAN1#98bis meeting [2], it is agreed that 672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE
Moreover, the working assumption is also agreed that the procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used for NR SL, and FFS SSIDs used for each priority.
4 companies gave the detailed design of the SL-SSIDs used for each priority [8,CATT] [12,Futurewei] [14,ZTE,Sanechips] [15,Spreadtrum].  And they reused the mapping tables between SL-SSID and synchronization priority in LTE V2X with the NR V2X SL-SSID is extended from 336 to 672.

Proposal 12: For SL-SSIDs used for each priority, LTE V2X mechanism is reused for NR V2X with the SL-SSIDs extended to 672, as shown in below Table 5 and Table 6.
Table 5: gNB/eNB-based synchronization priority levels for NR V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0’
	gNB/eNB
	\
	\
	\

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[1,335]

	P3’
	GNSS
	\
	\
	\

	P4’
	UE3 directly sync with GNSS
	R3
	FALSE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	337

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[337,671]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	337

	
	UE7(standalone)
	R1/R2
	FALSE
	[338,671]



Table 6: GNSS-based synchronization priority levels for NR V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0
	GNSS
	\
	\
	\

	P1
	InC UE1 directly sync with GNSS
	R1
	TRUE
	0

	
	OoC UE2 directly sync with GNSS
	R3
	FALSE
	0

	P2
	UE3 indirectly sync with GNSS by InC UE(UE1)
	R2
	FALSE
	0

	
	UE4 indirectly sync with GNSS by OoC UE(UE2)
	R2
	FALSE
	337

	P3
	gNB/eNB
	\
	\
	\

	P4
	InC UE5 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P5
	UE6 indirectly sync with gNB/eNB by InC UE(UE5)
	R2
	FALSE
	[1,335]

	P6
	UE7(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	336

	
	UE8(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[337,671]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	337

	
	UE10(standalone)
	R1/R2
	FALSE
	[338,671]



The proposals of SL-SSIDs used for each priority were as follows, 
· For SL-SSIDs used for each priority, LTE V2X mechanism will be reused for NR V2X with the SSIDs extended to 672, as shown in Table 5 and Table 6. [8,CATT]
Table 5: gNB/eNB-based synchronization priority levels for NR V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0’
	gNB/eNB
	\
	\
	\

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[1,335]

	P3’
	GNSS
	\
	\
	\

	P4’
	UE3 directly sync with GNSS
	R3
	TRUE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	337

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[337,671]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	337

	
	UE7(standalone)
	R1/R2
	FALSE
	[338,671]



Table 6: GNSS-based synchronization priority levels for NR V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0
	GNSS
	\
	\
	\

	P1
	InC UE1 directly sync with GNSS
	R1
	TRUE
	0

	
	OoC UE2 directly sync with GNSS
	R3
	FALSE
	0

	P2
	UE3 indirectly sync with GNSS by InC UE(UE1)
	R2
	FALSE
	0

	
	UE4 indirectly sync with GNSS by OoC UE(UE2)
	R2
	FALSE
	337

	P3
	gNB/eNB
	\
	\
	\

	P4
	InC UE5 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P5
	UE6 indirectly sync with gNB/eNB by InC UE(UE5)
	R2
	FALSE
	[1,335]

	P6
	UE7(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	336

	
	UE8(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[337,671]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	337

	
	UE10(standalone)
	R1/R2
	FALSE
	[338,671]



· Subset of SLSS IDs is (pre)-defined / (pre)-configured for UEs with lowest priority in terms of sidelink synchronization source selection (i.e. priority level P6). e.g. SLSS IDs ∈ {nS-PSS·336 + N:335}, where N is (pre)-configured/predefined value (N > 1). [9,Intel]
· The SL-SSIDs used for each priority is assigned as follows: [12,Futurewei]
· P1/P4’: UE directly synchronized to GNSS; SL-SSID = 0
· P2/P5’: UE indirectly synchronized to GNSS; SL-SSID = 336
· P4/P1’: InCoverage, SL-SSID = 1-335
· P5, P6/P2’,P6’: OutOfCoverage, SL-SSID = 336-671
· The working assumption that the procedure for signaling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is reused for NR SL is confirmed, and no further optimization is considered. [13,Samsung]
· [bookmark: _Toc24161246]Confirm the working assumption of reusing in NR V2X the LTE V2X procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference. Based on RAN1 #98bis agreement, SSID selection, in-coverage indication set and sync resource selection corresponding to sync priority are further clarified in Table 2. [14,ZTE,Sanechips]
	Sync priority level
	SSID
	In-coverage indicator
	Sync resource

	P0/P0’/P3/P3’
	
	
	

	P1/P4’
	0
	1 or 0
	Offset1 or offset3

	P2/P5’
	0 or 337
	0
	Offset1 or offset2

	P4/ P1’
	1~335
	1
	Offset1

	P5/ P2’
	1~335
	0
	Offset2

	P6/P6’
	338~671
（336 & 337 only for GNSS-based）
	0
	Offset1 or offset2



· Support the mapping rules between SSID and synchronization priority in Table 2 and Table 3. [15,Spreadtrum]
Table 2. Mapping rule in case that 2 synchronization resources are pre-configured
	UE
	Sync Ref
	state
	V2X SSID
	InC bit
	Sync resource
	Priority

	UE-1
	NW
	IC
	SSID∈[1,335]
	1
	#1/2 configured by NW
	P4/P1’

	UE-2
	UE-1
	OOC
	SSID∈[1,335]
	0
	#2/1
	P5/P2’

	UE-3
	UE-2
	OOC
	SSID∈[337,671]
	0
	#1/2
	P6/P6’

	UE-4
	GNSS
	IC
	SSID=0
	1
	#1/2 configured by NW
	P1/P4’

	UE-5
	UE-4
	-
	SSID=0
	0
	#2/1
	P2/P5’

	UE-6
	UE-5
	-
	SSID=336
	0
	#1/2
	P6/P6’

	UE-7
	GNSS
	OOC
	SSID=0
	1
	#1
	P1/P4’

	UE-8
	UE-7
	-
	SSID=0
	0
	#2
	P2/P5’

	UE-9
	UE-8
	-
	SSID=336
	0
	#1
	P6/P6’

	UE-10
	-
	OOC
	Randomly select, SSID∈[338,671]
	0
	Randomly select between #1 and #2
	P6/P6’



Table 3. Mapping rule in case that 3 synchronization resources are pre-configured
	UE
	Sync Ref
	state
	V2X SSID
	InC bit
	Sync resource
	Priority

	UE-1
	NW
	IC
	SSID∈[1,335]
	1
	#1/2 configured by NW
	P4/P1’

	UE-2
	UE-1
	OOC
	SSID∈[1,335]
	0
	#2/1
	P5/P2’

	UE-3
	UE-2
	OOC
	SSID∈[337,671]
	0
	#1/2
	P6/P6’

	UE-4
	GNSS
	IC
	SSID=0
	1
	#1/2 configured by NW
	P1/P4’

	UE-5
	UE-4
	-
	SSID=0
	0
	#2/1
	P2/P5’

	UE-6
	UE-5
	-
	SSID=336
	0
	#1/2
	P6/P6’

	UE-7
	GNSS
	OOC
	SSID=0
	0
	#3
	P1/P4’

	UE-8
	UE-7
	-
	SSID=337
	0
	#2
	P2/P5’

	UE-9
	UE-8
	-
	SSID=337
	0
	#1
	P6/P6’

	[bookmark: _Hlk23931459]UE-10
	-
	OOC
	Randomly select,
SSID∈[338,671]
	0
	Randomly select between #1 and #2
	P6/P6’



· The mapping between SSIDs and priorities should be pre-configured, where gNB should assign an SSID to a mode 1 NR V2X UE, and a mode 2 NR V2X UE should randomly select an SSID for itself. [16,ITRI]
· Following working assumption is confirmed. [17,LG]
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used for NR SL
· Confirm the working assumption that the procedure for signaling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used for NR SL. [19,NEC]

Prioritization among references of the same priority

In RAN1#98bis [2], it is agreed that when two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source. And FFS whether there is an issue with prioritization among references of the same priority. 
When S-SSB RSRP is used for prioritization among references of the same priority, an issue was raised in [23, Qualcomm Incorporated, FirstNet, Kyocera, Continental Automotive GmbH, LGE] that this strongest RSRP criteria will prevent different independent clusters to merge, as the priority of all P6/P6’ independent synchronization sources with different SL-SSIDs in [170,335] is assumed to be the same and SyncRef UE (re)selection is done based on S-SSB RSRP alone.
A lot of companies discussed the issue of prioritization among references of the same priority for P6/P6’ independent UE, and the two alternative solutions for this issue is shown in below table:
	Alternatives
	prioritization among references of the same priority for P6/P6’ independent UE
	Supporting companies

	Alt. 1
	Use highest S-SSB RSRP for sync source selection/reselection
	[10,TCL] [12,Futurewei] [21,OPPO]

	Alt. 2
	For P6 and P6’, a UE of either lowest SL-SSID or highest S-SSB RSRP is (pre-)configured to be (re-)selected as SyncRefUE.
For other priorities, a UE of highest S-SSB RSRP is (re-)selected as SyncRefUE.
	[8,CATT] [11,Mitsubishi] [17,LG] 
[23, Qualcomm Incorporated, FirstNet, Kyocera, Continental Automotive GmbH, LGE, UK Home Office]



From above table, the prioritization among references of the same priority for P6/P6’ independent UE should consider the following two alternatives:
· Alt. 1 [Supported by 3 companies]: Use highest S-SSB RSRP for sync source selection/reselection.
· Alt. 2 [Supported by 8 companies]: For P6 and P6’, a UE of either lowest SL-SSID or highest S-SSB RSRP is (pre-)configured to be (re-)selected as SyncRefUE. For other priorities, a UE of highest S-SSB RSRP is (re-)selected as SyncRefUE.

Proposal 13: For the prioritization among references of the same priority for P6/P6’ independent UE, UEs select the lowest SLSS ID SynchRefUE among the SyncRefUEs with RSRP>threshold. 
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case.

The proposals of prioritization among references of the same priority were 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. [7,MediaTek]
· It is reasonable to allocate higher priority to lower SL-SSID within the out-of-coverage SL-SSID set for NR V2X synchronization reference (re)selection of P6/P6’ independent UE. [8,CATT]
· Support Alt1 (i.e., higher S-SSB RSRP) for the selection of synchronization source. [10,TCL]
· A UE having active sidelink communication and valid SyncRef source (e.g. above a (pre)configured threshold) does not re-select an asynchronous SyncRef source with same priority and higher RSRP for its transmission timing. [11,Mitsubishi]
· Support defining (through configuration/pre-configuration) groups of eNBs/gNBs synchronized together (forming a synchronization class) that can provide synchronization for a given carrier supporting sidelink. [11,Mitsubishi]
· Support reporting information on the initial synchronization source (e.g., ID of the initial source, or ID of a synchronization class (i.e., group of eNB/gNBs synchronized together)) when relaying the timing of another source through SLSS emission. [11,Mitsubishi]
· Mechanisms allowing to merge synchronization clusters are needed. For UEs using a P6 UE as SyncRef, support signaling timing difference between their current P6 SyncRef and a different asynchronous P6 SyncRef for the purpose of cluster merging. For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure even when re-selecting a higher priority Sync Reference. Consider support of mechanisms for simplified re-synchronization procedure. [11,Mitsubishi]
· When there are two or more sync references of the same priority available during re-synchronization process: [11,Mitsubishi]
·  If there are sync references from the same synchronization class 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
· When eNB or gNB are the two synchronization sources, each with the same priority, the UE selects synchronization source based on a received signal strength and/or a defined threshold. There is no further specification work needed in RAN1. The selection of synchronization sources of the same priority should be part of RAN4 evaluation which also ensure meeting the minimum performance requirement. [12,Futurewei]
· There will be a timing misalignment issue with prioritization among references of the same priority, and SSIDs used for each priority can mitigate the timing misalignment issue. In order to overcome timing misalignment issue between eNB and gNB, some coordination mechanisms between eNB and gNB are needed to coordinate the reference timings between eNB and gNB if the eNB and gNB have different reference timings but have a same synchronization source priority. [16,ITRI]
· NR SyncRef UE (re)selection procedure is enhanced if UE selects SynchRefUE with lower SLSS ID (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification) within the out-of-coverage SSB ID set ([336, 671]). [17,LG]
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case
· If both gNB and eNB can be detected by a UE, the gNB is selected if SS-RSRP of gNB is larger than E-UTRA RSRP of eNB, eNB is selected otherwise. [19,NEC]
· eNB and gNB have the same synchronization priority in NR-V2X. The following LTE-V2X synchronization procedure can be applied to NR-V2X. [21,OPPO]
· The synchronization reference with the highest priority is selected as the synchronization reference.
· For synchronization reference with the same synchronization priority, the synchronization reference with highest energy is selected.
· The contents of S-SSB is derived from either synchronization reference or pre-configuration.
· S-SSB is transmitted in SFN mode.
· For in-coverage, the UE who can transmit S-SSB depends on network’s configuration or is based on RSRP measurement.
· To allow merger of independent clusters, following enhancement of NR SyncRef UE (re)selection procedure is supported: [23, Qualcomm Incorporated, FirstNet, Kyocera, Continental Automotive GmbH, LGE, UK Home Office]
· UEs select the lower SLSS ID SynchRefUE with its RSRP>threshold to ensure quality (similar to LTE-V2X). The selected SLS-ID is within the out-of-coverage SLSS ID ([338, 671]).
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only in P6 and P6’
· Consider modification of synchronization priority rules to allow the possibility of prioritizing synchronization from UE in same group. Configuration from gNB can control if such group-first prioritization is enabled or disabled. NR V2X UE should be able to distinguish between synchronization signals originating from UE (leader or member) in group and synchronization signals from other UE. Consider tracking of multiple synchronization references for NR V2X UE. [24,Sequans]

Other issues related to selection of synchronization reference

A lot of companies discussed other issues related to selection of synchronization reference as follows,
· eNB as a synchronization source for NR V2X UEs should be an optional UE capability. [3,Huawei,HiSilicon] 
· The reason is that: if there is only gNB deployed, and in order to get the timing to require the UE always has the LTE Uu modem to support the eNB type synchronization source will increase the chipset cost.
· For eNB/gNB based synchronization, information whether the eNb or gNB is synchronized to GNSS is informed to the V2X UE. Information, which eNBs/gNBs are synchronized to the same synchronization source and can provide equivalent synchronization information, is (pre)configured to the V2X UEs. LTE V2X UE can be synchronization source for NR V2X transmission when the LTE SLSS ID indicates that the synchronization source of the LTE UE is GNSS. FFS for the case when LTE SLSS ID indicate that the synchronization source is eNB. SL UEs are capable to maintain synchronization to at least two different synchronization sources. [4,Nokia,NSB]
· If an OoC UE has synced to an IC UE, it aligns its timing to that of the IC UE. Sync source type indication is not needed for both OoC and IC UE. [5,vivo]
· The working assumption of reusing LTE method for synchronization reference selection can be confirmed, and SSB RSRP is the only metric for the selection. [6,Fujitsu]
· Configure the timing difference between eNB and gNB is not feasible. The network should prioritize to configure GNSS as sync source when the network deployment is asynchronous. The UEs should synced to GNSS when the network deployment is asynchronous. The dropping rule should be used to decide whether sidelink or uplink should be dropped once sidelink service is colliding with uplink service. 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. The network should configure both DFN slot offset and DFN symbol offset to UE when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier. [7,MediaTek]
· The rule of selecting the synchronous reference source is ambiguous for UEs with EN/NE-DC operations. UEs in the EN/NE-DC operation shall always select gNB (or always select eNB) as synchronization reference source by (pre-)configuration when both PCell and PSCell’s RSRP values are higher than a threshold (pre-)configured by network. [7,MediaTek]
· UE can trigger sidelink communication once it has acquired any of valid sidelink synchronization sources, while continuing search for higher priority sync sources. [9,Intel]
· Recovering from group common synchronization loss scenarios should be investigated. [10,TCL]
· Support the case where eNB/gNB provides indication of its timing difference to GNSS to UEs configured with GNSS-based synchronization. Support the case where P4/P5 UEs relay eNB/gNB indication of its timing difference to GNSS. Support the case where a P1 UE able of directly measuring eNB/gNB timing difference to GNSS provides the measured timing difference through sidelink and where a P2 UE relays this measurement through sidelink. [11,Mitsubishi]
· 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. [12,Futurewei]
· Only DMRSs associated with PSBCH are used for S-SSB RSRP measurement in NR V2X. [13,Samsung]
· The GNSS–based synchronization in the synchronization source priority table should be adopted if the UE detects no gNB/eNB in a carrier. The gNB/eNB-based synchronization or the GNSS-based synchronization in the synchronization source priority table should be adopted by gNB/eNB pre-configuration if the UE detects a gNB/eNB in a carrier. Sidelink synchronization signal forwarding should be considered to extend coverage for NR V2X, where the details are FFS. [16,ITRI]
· For S-SSB RSRP measurement, S-SSS and PSBCH DM-RS can be used as a source. Details are up to UE implementation. [17,LG]
· [bookmark: _Toc5110848]Transmission and reception of PBSCH and transmission of SLSS do not increase UE complexity significantly. Transmission of SLSS/PSBCH is a mandatory UE capability. Support for full SLSS search may be optional. [18,Ericsson]:
· If GNSS is the configured top synchronization reference, the UE starts a restricted SLSS search after losing contact with the top synchronization reference.
· If network is the configured top synchronization reference, the UE starts a full SLSS search after losing contact with the top synchronization reference.
· Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference.
· Configuring eNB as sync source via sidelink configuration signaling from gNB should be supported. For UE having LTE V2X operation and NR V2X operation on synchronized carriers, it should be allowed to only transmit LTE SLSS/PSBCH on the LTE V2X carrier. NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink. LTE UE is not used as sync source for NR sidelink. [19,NEC]
· Consider a new synchronization source type for NR V2X sidelink, i.e. UE-in-group, which can be configured as main preference for synchronization. [24,Sequans]

Resource configuration for S-SSB transmission

A lot of companies discussed the time and frequency resource configuration or triggering for S-SSB transmission of NR V2X.  And many companies proposed that for the transmission of S-SSB, LTE-V2X triggering mechanism is reused for NR-V2X [3,Huawei,HiSilicon] [13,Samsung] [18,Ericsson] [19,NEC] [20,Sharp] [21,OPPO].

Proposal 14: For the transmission of S-SSB, LTE-V2X triggering mechanism is reused for NR-V2X.

Proposal 15: The locations of S-SSB bursts and S-SSB burst set are specified within the 160 ms S-SSB periodicity for S-SSBs soft-combining for S-SSB detection.

There were discussions in time and frequency resource configuration or triggering for S-SSB transmission as follows,
· S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. [3,Huawei,HiSilicon]
· 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]
· At least two S-SSB resources which are allocated in two different S-SSB burst sets can be defined within the 160 ms S-SSB periodicity. [3,Huawei,HiSilicon]
· For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported. [3,Huawei,HiSilicon]
· If GNSS type synchronization source is (pre-)configured, the following timing difference should be configured to the sidelink UE: [3,Huawei,HiSilicon]
· OffsetDFN: The timing difference between GNSS timing and gNB timing to derive the DFN when the serving cell is gNB.
· If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as: [3,Huawei,HiSilicon]
· SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ), where the μ is the SCS of the sidelink.
· If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE. [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]
· The synchronization procedure is designed so that PSBCH transmissions from different UEs are the same if the PSBCHs are in the same resource. [4,Nokia,NSB]
· The sync resource for S-SSB transmission/reception are excluded from the candidate resources for any sidelink resource pool, and should be defined in physical time. For the sync resource for S-SSB transmission/reception, sync resource size is determined as the maximum number of S-SSB slots for each SCS. [5,vivo]
· Common and single synchronization reference is used for SLSS/PSBCH transmission across carriers as well as for transmission and reception of other sidelink channels in ITS carriers. SLSS/PSBCH configuration is aligned across multiple sidelink carriers if multiple carriers are considered.  [9,Intel] 
· The same antenna port is used for the transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH. Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X. Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X as follows: A UE transmits S-SSB when gNB configures it to do so by dedicated signaling (i.e., network based), or when not configured by dedicated signaling (i.e., UE based) and gNB broadcasts (in-coverage) or pre-configures a threshold (out-of-coverage). [13,Samsung]
· In a LTE-NR synchronized mode, S-SSB is not transmitted in a NR carrier. S-SSB slot is not included in the SL resource pool. Following information is included in the SL resource pool configuration. [17,LG]
· TDD configuration
· SL slot bit map
· SL slot configuration
· Every SL slot contains the same number and locations of symbols.
· Only consecutive SL symbols are supported.
· RAN1 assumes that network configuration avoids collision of SLSS transmissions with PRACH occasions at least when PRACH configuration period is larger than 40 ms. Reuse the same conditions as in LTE for the triggering of SLSS transmission in NR. [18,Ericsson]
· UE should transmit S-SSB if at least one of following conditions are satisfied: [19,NEC]
· Instructed by gNB to transmit S-SSB;
· Directly synchronized to GNSS and out of coverage;
· SS-RSRP/E-UTRA-RSRP is lower than a (pre-)configured threshold if gNB/eNB is used as sync reference;
· RSRP measured on S-SSB is lower than a (pre-)configured threshold if a UE is used as sync reference.
· Receiver should be mandated to receive sidelink channels according to at least 2 different timings in NR V2X. [19,NEC]
· 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. [20,Sharp]
· The same synchronization resource configuration mechanism as LTE-V2X can be applied to NR-V2X. IC UE should transmit RP related configuration to OOC UEs. Rel-16 NR-V2X supports only full UL slot used for SL transmission in shared carrier. [21,OPPO]
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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
2. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
2. This RS is not a standalone RS and not part of SLSS.  
2. This RS will not appear in the synchronization procedure for the selection of sync sources.
2. RS used for the synchronization purpose would not impact any sidelink RS design
2. FFS:  Whether this RS is DM RS or other RS
2. FFS: Whether this could be achieved by UE implementation 
2. 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)

RAN1#98 agreements:

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

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

Agreements:
· NR S-SSB structure for NCP is as follows:
[image: ]
· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6
Send LS to RAN4 (R1-1909788, Teng, CATT) with the above agreements, and add:
· It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol. 
The draft LS is approved with the following updates:
· Remove the 2nd & the 3rd last agreements
· , and respectfully asks RAN4’s feedbacks on whether a transient period is needed or not
With the final LS in R1-1909874

Agreements:
· 160ms is supported as the S-SSB periodicity for all SCS.
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable
The following values with change marks are further agreed:
· Note: the values in bracket are subject to further discussion regarding potential removal all-together
For FR1:
· For 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2, [4]}
· For 60kHz SCS, {1, 2, 4, [8]}
For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)

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

RAN1#98bis agreements:

Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.

Agreements:
· The following fields with “green” background are agreed
	PSBCH contents
	Number of bits
	Notes

	DFN
	
	

	Indication of TDD configuration
	
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	



Agreements:
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL
· FFS SSIDs used for each priority
· FFS other potential impacts due to P3/P4/P5
· FFS whether there is an issue with prioritization among references of the same priority
Send an LS to RAN2 regarding the above – Teng (CATT), R1-1911710, which is approved (by adding cc-ing to RAN4) with final LS in R1-1911718.

Agreements:
672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE

Agreements:
· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.
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