
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #98bis                                                	                  R1-1911440
Chongqing, China, October 14th – 20th, 2019

Source:	CATT
[bookmark: Title]Title:	              Feature lead summary on AI 7.2.4.3 Sidelink synchronization mechanism
[bookmark: Source]Agenda Item:	7.2.4.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction

The summary captures the issues and related candidate solutions of sidelink synchronization mechanism aspects for NR-V2X based on the submitted contributions [3]-[26].  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 indicate priority of synchronization source by SLSS
· S-SSB structure
· Position of S-SSS symbols
· DMRS design
· Multiple S-SSB transmissions
· Whether support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS
· Design of S-SSB burst set
· PSBCH contents
· Timing information
· TDD UL/DL configuration information
· SL-BWP configuration information
· InCoverage Indicator / Type of sync source
· Others
· PSBCH Payload size
· Synchronization procedures
· Selection of synchronization reference
· Resource configuration for S-SSB transmission
· Synchronization enhancements
The detail analysis and draft proposals of the issues and candidate solutions for the sidelink synchronization mechanism are discussed in the summary.

Background

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


In RAN1#98, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [2]:
 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.


Based on these objectives and agreements, companies continued discussion on sidelink synchronization mechanism in [3]-[26].

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.
Most companies confirm the working assumptions that the same sequence is used for both symbols of S-PSS and the same sequence is used for both symbols of S-PSS [3,Spreadtrum] [5,Fujitsu] [7,vivo] [8,ZTE,Sanechips] [9,CATT] [11,TCL] [17,LG] [18,ITRI] [19,Sharp] [23,NTT DOCOMO]. 
One companies [4,Huawei,HiSilicon] proposed that SLSS conveys synchronization priority information depending on the Tx UE synchronization status by using prioritized sequence combinations in the two symbols of the S-PSS and/or S-SSS.
In addition, [4,Huawei,HiSilicon] observed that the joint S-PSS/S-SSS detection probability when using different polynomials for the two m sequences in the two S-PSS symbols is the same as when using the same m sequence for both S-PSS symbols, as shown in below figure. And the synchronization priority information though four unique combinations using the two different m sequences in the S-PSS symbols is shown in below table.
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	Options
	Confirm the working assumptions that the same sequence is used for both symbols of S-PSS/S-SSS
	Using different S-PSS sequences in two S-PSS or S-SSS symbols

	Supporting Companies
	[3,Spreadtrum] [5,Fujitsu] [7,vivo] [8,ZTE,Sanechips] [9,CATT] [11,TCL] [12,Samsung] [17,LG] [18,ITRI] [19,Sharp] [23,NTT DOCOMO]
	[4,Huawei,HiSilicon]

	Pros
	· Better performance in SL-SSID detection
· Support symbol-level detection and non-coherent detection
· Less standardization efforts
	· Providing priority information as early as possibly via SLSS to the Rx UE, and assist the initial selection of the highest priority synchronization source.
· Overhead reduction in PSBCH

	Cons
	· Cannot carry additional information
	· lead to potential performance degradation and complexity increment
· Don’t support symbol-level detection or non-coherent detection
· More standardization efforts



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-PSS

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,Spreadtrum] [4,Huawei,HiSilicon] [7,vivo] [9,CATT] [11,TCL] [12,Samsung] [13,Nokia,NSB] [15,Intel] [17,LG] [21,MediaTek] [22,Qualcomm] [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: [9,CATT] [15,Intel]
· 21 and 64: [12,Samsung] [22,Qualcomm]
	[9,CATT] [11,TCL] [12,Samsung] [15,Intel] [17,LG] [22,Qualcomm] 

	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: [7,vivo] [25,ITL]
	[7,vivo] [21,MediaTek] [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 and 65; [3,Spreadtrum]
	[3,Spreadtrum] [13,Nokia,NSB]

	Option 4:
Poly_131 and 193
	For S-PSS, the x7+x+1 and x7+x6+1 polynomials are used to generate the two different m sequences.
	[4,Huawei,HiSilicon] 



The detailed proposals of primitive polynomials and cyclic shifts of NR S-PSS Sequence generation were as follows,
· Either different cyclic shift or different polynomial can achieve low cross-correlation with NR DL PSS. For NR S-PSS, down select from the following two alternatives: [3,Spreadtrum]
· Same polynomial as DL PSS with different cyclic shift values, e.g. 21 and 65
· Different polynomials, e.g. 131, FFS cyclic shift values
· 

For S-PSS, the following polynomials are used to generate the two different m sequences: and  [4,Huawei,HiSilicon]
· The autocorrelation of 145 and the cross-correlation between 145 with different CSs change with frequency offset; if 145 is used for S-PSS generation, the estimated CS is far offset by several steps from the target CS, resulting in confusion between S-PSS and PSS. The cross-correlation between 131 and 145 is more impervious to initial frequency offset and is always much lower than the peak and subpeaks of 145 correlation. [7,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}. [9,CATT]
· Support the use of same polynomial as NR-DL-PSS with different cyclic shifts. [11,TCL]
· 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.  [13,Nokia,NSB]
· For S-PSS sequence generation, reuse the same polynomial and initialization state as defined for PSS. [15,Intel]
· S-PSS use the PSS sequence generation polynomials with different cyclic shifts. [17,LG]
· The single NR S-PSS should be generated from the other polynomial than NR uu PSS (e.g., 131-polynomial) to avoid the high cross-correlation due to m-sequence property. [21,MediaTek]
· NR S-PSS uses the same polynomial as NR PSS (i.e., x7+x4+1) and the same initial value, but uses cyclic shifts {21, 64} (that differ from NR Uu PSS). [22,Qualcomm]
· 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]

Proposal 2:  S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts to that of  NR DL-PSS, i.e., {22, 65} or {21, 64}.

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.
	[3,Spreadtrum] [7,vivo] [9,CATT] [11,TCL] [12,Samsung] [13,Nokia,NSB] [15,Intel] [22,Qualcomm] [25,ITL]

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



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. Different cyclic shift values are used to generate different Gold sequences for the S-SSS. The S-SSS provides the SSID through the first symbol, whereas the exact S-SSS combination also indicates whether the UE is directly or indirectly synchronized to the synchronization source. [4,Huawei,HiSilicon]
· In case both symbols of the S-PSS carry the same sequence, S-PSS indicates whether the UE follows a network reference (gNB/eNB) or not (GNSS/UE). The combination of S-SSS sequences specifies the exact synchronization source type, as well as whether the Tx UE is synchronized directly or indirectly to its source. [4,Huawei,HiSilicon]
· For S-SSS sequence, the polynomials of SSS are reused. [7,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. [9,CATT]
· Support the reuse of NR DL-SSS sequences for SL-SSS (same polynomial and cyclic shifts). [11,TCL]
· The sequences for generating S-SSS can be down-selected from the sequences for generating NR Rel-15 SSS. [12,Samsung]
· Use the NR-Uu SSS design as a baseline for S-SSS design. [13,Nokia,NSB]
· For SSSS/S-SSS sequence generation, reuse the same polynomials and initialization state as defined for legacy SSS on Uu link. [15,Intel]
· S-SSS use the SSS sequence generation polynomials with different cyclic shifts. [17,LG]
· NR Uu SSS sequences are reused for NR S-SSS. [22,Qualcomm]
· 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]

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

How to indicate priority of synchronization source by SLSS

In LTE V2X, SLSS_ID(0~335) and InC(0,1) are used to inform the priority of synchronization sources. SLSS_ID has been divided into two groups: SLSS_net and SLSS_oon:
· SLSS_net(0~167): generated from root index 26 and represents “within network coverage”. 
· SLSS_oon(168~335):generated from root index 37 and represents “out of network coverage”. 
As agreed in RAN1#98 [1], the number of NR V2X SSID has extended to 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates} in order to support higher number of users/vehicles in generating V2X SSID randomly with low collision probability.  Therefore, how to indicate the priority of the synchronization source through SLSS with 672 IDs should be studied.
The detailed proposals on how to indicate priority of synchronization source by SLSS were as follows,
· Two SLSS ID sets are used to for Inc and OoC: [4,Huawei,HiSilicon]
· SLSS ID in {1, …, 335}  is  used for InC; 
· SLSS ID in {336, …, 671} is used for OoC; 
· SLSS ID = 0 is used for UE synchronizes to GNSS.
· 672 SL-SSIDs are divided into 3 sets to indicate different synchronization priorities: [5,Fujitsu]
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or directly synchronized with an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and not directly synchronized with an in-coverage UE
· For SLID, the combinations of 1 S-PSS sequence candidate and 336 S-SSS candidates are used for in-coverage UE, and the combinations of the other S-PSS sequence candidate and 336 S-SSS candidates are used for out-of-coverage UE. [7,vivo]
· In NR V2X synchronization procedure, SSID and direct synchronization indicator to be carried in S-SSB should be determined based on synchronization reference source and UE coverage status, as shown in Table below: [8,ZTE,Sanechips]
	Tx UE coverage status
	Selected Sync reference source
	<SSID_tx, direct_sync indicator> for Tx S-SSB

	GNSS timing
	IC/OOC
	Directly to GNSS
	SSID_tx = 0; direct_sync= True

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = True
	SSID_tx = 0; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = False
	SSID_tx = 336; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 336, direct_sync = False
	SSID_tx = 336; direct_sync = False

	Network timing
	IC
	Directly to gNB/eNB
	SSID_tx selected from [1,…,335], direct_sync = True

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = True
	SSID_tx = SSID_rx, direct_sync = False

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = False
	SSID_tx = SSID_rx+336, direct_sync = False

	
	OOC
	Rx S-SSB: 337 ≤ SSID_rx ≤ 671, direct_sync = False
	SSID_tx = SSID_rx, direct_sync = False

	Standalone
	N/A
	SSID_tx selected from [337,…671], direct_sync = False



· In order to minimum the standardization efforts, the indication mechanism of the priority of the synchronization source in LTE V2X should be reused to the maximum extends for that of NR V2X. [9,CATT]
· As LTE V2X, both SL-SSID and InC should be used to indicate the times of SLSS relaying hops for NR V2X. [9,CATT]
· For reduced complexity synchronization; initial sync source type should be indicated by S-PSS. [11,TCL]
· 336 IDs with   are used for in-coverage UEs, and remaining 336 IDs with are used for out-of-coverage UEs. [12,Samsung]
· The set of SLSSIDs is divided into 3 groups (GNSS, in-coverage and out-of-coverage) following a similar approach as in LTE-V2X: [14,Ericsson]
· SLSSID_gnss = {0, 336}
· SLSSID_inc = {1, …, 335}
· SLSSID_ooc = {337, …, 671}
· S-PSS carry information on whether GNSS (nS-PSS = 0) or gNB/eNB (nS-PSS = 1) based synchronization has higher priority (i.e. information on table of priority for sidelink synchronization source selection).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) [15,Intel]
· SLSS relaying hop count is implicitly indicated by the range of SL-SSID. No inCoverage field is transmitted.  [17,LG]
· UEdirect SLSSID = {0} 		    if sync to GNSS
{1…223} 	    if sync to gNB/eNB
· UEindirect SLSSID = {224…447}        by adding 224 to UEdirect SLSSID if sync to UEdirect 
· UEother SLSSID = {448…671} 	    by adding 224 to UEindirect SLSSID if sync to UEindirect, or
				                   by taking other UE’s SL-SSID if sync to other UE, or
				                   by random SL-SSID selection if no SyncRef UE exists

Proposal 4: 672 SL-SSIDs are divided into 3 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or directly synchronized with an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and not directly synchronized with an in-coverage UE

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.
The detailed proposals on position of S-SSS symbols in one S-SSB were as follows,
· If MPR gap between S-PSS and S-SSS exists, at least one PSBCH symbol is located between S-PSS and S-SSS. [7,vivo]
· The duration of one symbol is long enough to accommodate the transient period for all SCS cases. [9,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. [9,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
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	Alt.3
	Yes
	No
	[image: ]



· Use same MPR for S-PSS and S-SSS (and S-PSBCH) for S-SSB structure. [22,Qualcomm]

Proposal 5: 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, as shown in the below table.
	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: ]




DMRS design

DMRS can be used for channel estimation of PSBCH. A lot of companies proposed the design and evaluation of PSBCH DMRS for channel estimation in [4,Huawei,HiSilicon] [7,vivo] [8,ZTE,Sanechips] [12,Samsung] [13,Nokia,NSB] [14,Ericsson] [17,LG] [21,MediaTek] [22,Qualcomm] [23,NTT DOCOMO]. 
Seven 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 [7,vivo] [8,ZTE,Sanechips] [12,Samsung] [13,Nokia,NSB] [17,LG] [22,Qualcomm] [23,NTT DOCOMO]. Three companies gave different design of DMRS pattern [4,Huawei,HiSilicon] [14,Ericsson] [21,MediaTek].

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

	[4,Huawei,HiSilicon]
	[image: ]
[image: ]
· For normal CP:
· pattern-1 is used for 15kHz SCS, i.e. DMRS are in the symbols: 0, 6, 7, 10, 11
· pattern-2 is used for 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 9, 12
· pattern-3 is used for 60kHz and 120kHz, i.e. DMRS are in the symbols: 0,7, 10
· For extended CP:
· pattern-1a is used for 15kHz SCS, i.e. DMRS are in the symbols: 0, 6, 7, 9, 10 
· pattern-2a is used for 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 8, 10
· pattern-3a is used for 60kHz and 120kHz, i.e. DMRS are in the symbols: 0, 6, 9.
	1/4
	See the text in the left
	Along with the increase of SCS, the channel could be assumed to be more coherent in several symbols after the one used for channel estimation, such that the DMRS can be sparser in time domain. Based on evaluation results, the best DMRS pattern are found for different SCS and UE speed.

	[7,vivo]
	

	1/4
	Every symbol
	· There is only a little difference between PSBCH decoding performances assuming PSBCH DMRS with different time-domain patterns, or with different frequency domain.
· Similar to NR Uu, there is also a need for the DMRS to provide some timing related information to save the efforts of PSBCH decoding when multiple S-SSB is (pre-)configured. 

	[8,ZTE,Sanechips]
	

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

	[13,Nokia,NSB]
	[image: ]
	1/4
	Every symbol
	It would be as efficient against severe frequency selectivity and as good frequency estimation performance than PDSCH DMRS TypeA Configuration type-2.

	[21,MediaTek]
	

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



The proposals of PSBCH DMRS design are shown in below.
· Each PSBCH symbol contains DMRS. Reuse the design of NR PBCH DMRS as much as possible, including frequency density and sequence type. [7,vivo]
· For PSBCH, FDM DMRS pattern shows better performance than TDM DMRS pattern. PSBCH DMRS is allocated to every PSBCH symbol. [8,ZTE,Sanechips]
· DM-RS of PSBCH uses an interlace structure within the symbols for PSBCH, and the following aspects are the same as DM-RS of PBCH: [12,Samsung]
· The density of RE for DM-RS;
· The shift of RE for DM-RS;
· The sequences for generating DM-RS of PSBCH;
· The sequence mapping rule. 
· Re-use the NR-Uu PBCH DM-RS pattern for PSBCH. [13,Nokia,NSB]
· The design of DMRS in PSBCH follows the same design as the one defined in PSCCH/PSSCH. 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. Include 4 DMRS symbols using comb-2 DMRS multiplexed in frequency for the contiguous PSBCH symbols in S-SSB. Use the values from SLSSID in order to generate the sequence for PSBCH DMRS. [14,Ericsson]
· NR PBCH DM-RS sequence generation is reused PSBCH DM-RS sequence generation. At least SL-SSID replaces CELL ID used for initialization value in PSBCH DM-RS sequence initialization. NR PBCH DM-RS to RE mapping (i.e., comb-4 type) and position shift in frequency domain are reused for PSBCH DM-RS. PSBCH DM-RS RE position is shifted based on SL-SSID. [17,LG]
· NR PBCH DM-RS to RE mapping (i.e., comb-4 type) and position shift in frequency domain are reused for PSBCH DM-RS. PSBCH DM-RS RE position is shifted based on SL-SSID. [17,LG]
· The sparser NR V2X PBCH DMRS pattern can be used. The NR V2X PBCH DMRS pattern location in the symbol could have 1 symbol shift. For NR V2X PBCH DMRS, the location within the RB is fixed without any cyclic shift. [21,MediaTek]
· PSBCH transmissions reuse the NR Uu PBCH DMRS design and assume DMRS based channel estimation for PSBCH decoding. [22,Qualcomm]
· The same DM-RS structure as PBCH in NR Rel-15 is adopted for PSBCH DM-RS if PSBCH payload size is 56 bits or less. Otherwise, less density in frequency-domain is considered. [23,NTT DOCOMO]

Proposal 6:  PSBCH DM-RS should reuse the design of PBCH DM-RS
· DM-RS sequence generation. 
· DM-RS RE mapping (i.e., comb-4 type in every PSBCH symbol)
· DM-RS RE Position shift in frequency domain. 

Multiple S-SSB transmissions

Whether support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS

In order to extend the S-SSB coverage and maintain the transmission flexibility of S-SSB, multiple S-SSB transmissions within one period had been agreed for NR V2X sidelink in RAN1#98 meeting [2]. The number of S-SSB transmissions within one period is configurable, and it is FFS whether 2/4/8 S-SSB transmissions within one S-SSB period is supported for 15/30/60KHz SCS in FR1, respectively.

	Alternatives
	Whether support 2/4/8 S-SSB transmissions 
for 15/30/60 KHz SCS, respectively.
	Supporting companies

	Alt. 1
	Confirm the numbers of S-SSB with change marks, i.e., support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS, respectively.
	[7,vivo] [8,ZTE,Sanechips] [9,CATT] [13,Nokia,NSB] [23,NTT DOCOMO]

	Alt. 2
	Don’t support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS, respectively.
	[4,Huawei,HiSilicon] [5,Fujitsu] [14,Ericsson] [15,Intel] [17,LG]



The proposals of whether 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS respectively within one period is supported were as follows,
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable, for FR1: [4,Huawei,HiSilicon]
· For 15kHz SCS: {1}
· For 30kHz SCS: {1, 2}
· For 60kHz SCS: {1, 2, 4}
· Confirm the numbers of S-SSB with brackets. [7,vivo]
· The soft combining of 2 S-SSB decoding brings over 2dB performance gain comparing to single S-SSB decoding for 15KHz SCS; and the soft combining of 4 S-SSB decoding bring over 4dB performance gains comparing to the soft combining of 2 S-SSB decoding for 30KHz SCS; in both low-speed and high-speed scenarios. [9,CATT]
· 2/4/8 S-SSB transmissions within one S-SSB period should be supported for 15/30/60KHz SCS in FR1, respectively, as obvious performance gains can be obtained. [9,CATT]
· Remove the values in brackets for S-SSB periodicity. [14,Ericsson]
· Numbers in brackets of S-SSB transmissions within one S-SSB period are removed. Support the following configurations for NR-V2X sidelink synchronization. [15,Intel]
· Configuration 1 (similar coverage across various SCS)
· For FR1, four synchronization resources are defined. Each resource is composed of
· 1 SSB for 15kHz
· 2 consecutive SSBs for 30kHz 
· 4 consecutive SSBs for 60kHz 
· Configuration 2 (coverage reduction is proportional to SCS)
· For FR1, four synchronization resources are defined. Each resource is composed of 
· 1 SSB for 15kHz 
· 1 SSB for 30kHz 
· 1 SSB for 60kHz 
· Within one S-SSB period, 2/4/8 S-SSBs for 15/30/60 kHz in FR1 are not supported. [17,LG]
· Support that the number of S-SSB(s) transmitted within one S-SSB period should be positively proportional to the value of SCS. Besides, the multiple S-SSB transmissions within one S-SSB period should be uniformly distributed and repeated, and the details are FFS. [18,ITRI]
· Support the values in brackets, i.e. the following update is applied for the number of S-SSB transmissions within one S-SSB period. [23,NTT DOCOMO]

Proposal 7:  The option of 2/4/8 S-SSB transmission for 15/30/60 KHz SCS respectively is supported:
· Alt 1 (Supported by 7 companies): Confirm the numbers of S-SSB with change marks, i.e., support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS, respectively.
· Alt 2 (Supported by 6 companies):  Don’t support 2/4/8 S-SSB transmissions for 15/30/60 KHz SCS, respectively.

Design of S-SSB burst set

In RAN1#98 meeting [2], it is agreed that the number of S-SSB transmissions within one period is configurable, maximum 8 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,Spreadtrum] [4,Huawei,HiSilicon] [5,Fujitsu] [7,vivo][9,CATT] [12,Samsung] [13,Nokia,NSB] [16,Futurewei] [17,LG] [22,Qualcomm] [25,ITL] [26,Sequans]. 
The proposals of design of S-SSB burst set were as follows,
· Support single fixed S-SSB burst pattern in the time domain. Distributed S-SSB burst pattern should be supported. [3,Spreadtrum]


· 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. [4,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. [4,Huawei,HiSilicon]
· The following structure can be used for NR-V2X S-SSB burst set: [4,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. 
[image: ]
· For FR1, all the S-SSBs in one S-SSB period are consecutively transmitted from the start of the subframe, which is the subframe configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling. For FR2, all the S-SSBs in one S-SSB period are confined within a 10ms window, which is the frame configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling; the position of each S-SSB in the S-SSB window is predefined, and the details are FFS. [5,Fujitsu]
[image: ]

· The number of actually transmitted S-SSB equals to the number of S-SSB by (pre-)configuration. S-SSB repetition is supported. S-SSBs transmitted within a 5-ms time window for FR1 is defined as a S-SSB burst set. Slot(s) containing S-SSB in the same burst set are consecutive and located at the head or end of the time window. For FR2, there are two alternatives for S-SSB transmission. Alt1 is the time window is 10ms. Alt2 is the time window is 5ms; if the S-SSB number is 64 for 120kHz or 32 for 60kHz, the S-SSBs are transmitted in 2 different time windows, respectively. [7,vivo]





· Burst S-SSB transmission should be supported to reduce the traffic delay for FR2. The number of S-SSBs sent in each burst and the interval between two bursts should be pre-configured or broadcasted by PSBCH. [9,CATT]
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· Support (pre-)configurable transmission patterns of S-SSBs by using: [12,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. [12,Samsung]
[image: ]
· To support different deployments with different UL-DL slot configurations, it might not be possible to support fixed S-SSB candidate time location pattern. If multiple S-SSBs are transmitted within the period (of 160ms), the S-SSBs can be distributed over the whole period, and UE may not assume that they are sent via same spatial filter. [13,Nokia,NSB]
· NR Uu operation of combining across S-SSB periods and beam sweeping within an S-SSB period should be the baseline supported operation for NR S-SSB. RAN1 should further identify the specification support needed for combining/repetition with an S-SSB period. [16,Futurewei]
· 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]
· SSB repetition is supported for NR sidelink; the repetition is performed such that, SSB transmission from a higher priority synchronization source is repeated more times than SSB from a lower priority synchronization source. [22,Qualcomm]
· 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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· 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. [26,Sequans]

Proposal 8: 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 following (pre)-configured parameters of S-SSB:
· Number of S-SSB bursts within a S-SSB burst set ;
· Number of S-SSBs in each S-SSB burst
· Interval between two S-SSB bursts

PSBCH contents

PSBCH contents were discussed by a lot companies in the below, including timing information, TDD UL/DL configuration, SL-BWP configuration and In-Coverage indicator, etc. [3,Spreadtrum] [4,Huawei,HiSilicon] [7,vivo] [8,ZTE,Sanechips] [9,CATT] [12,Samsung] [15,Intel] [16,Futurewei] [17,LG] [22,Qualcomm].
Most companies proposed that PSBCH contents should include the following information [3,Spreadtrum] [4,Huawei,HiSilicon] [7,vivo] [9,CATT] [12,Samsung] [15,Intel] [16,Futurewei] [22,Qualcomm].
· Direct Frame Number (DFN)
· TDD-UL-DL configuration information / SFI with reasonable overhead
· SL-Bandwidth / SL-BWP information
· In-Coverage Indicator / Type of sync source

The proposals of PSBCH contents were as follows, 
· SL-MIB contents is shown in below table: [3,Spreadtrum]
	SL-MIB contents
	bits
	Notes

	sl-BandwidthPart
	4
	Indicate the length of SL-BWP and the offset between S-SSB and SL-BWP similar as initial DL BWP in NR

	directFrameNumber
	10
	[0,1023]

	S-SSB index
	[3/4]
	6 bits are needed to indicate 64 S-SSBs, among which 3/2 bits could be carried by PSBCH DMRS sequences as NR DL.

	TDD-UL-DL
	[<=15]
	

	In Coverage
	0
	Indicated by SSIDs or PSBCH DMRS



· The following fields are included in the PSBCH payload: [4,Huawei,HiSilicon]
· Bandwidth: 3 bits
· Channel bandwidth: 4 bits
· TDD configuration: 22 bits
· DFN: 10 bits
· Type of sync source (eNB or gNB): 1 bit
· S-SSB group index: 3 bits
	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

	Channel bandwidth
	4
	Indicate the channel bandwidth

	TDD configuration
	22
	Only cell common TDD configuration are needed.

	DFN
	10
	The frame number of sidelink

	Synchronization type
	1
	eNB or gNB

	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
	43
	

	CRC bits
	24
	

	Total bits with CRC
	67
	



· [bookmark: _Hlt4869033][bookmark: _Hlt4869026][bookmark: _Hlt4869027]PSBCH payload includes: [7,vivo]
· S-SSB related information, including S-SSB index, S-SSB number, and S-SSB pattern 
· TDD-configSL
· The bandwidth of the SL carrier.
· Reserved bits for future extension
	
	FR1
	FR2
	Description 

	DFN
	10
	10
	Direct frame number

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

	S-SSB number
	2
	3
	Up to 4/7 S-SSB numbers are supported for FR1/FR2

	S-SSB pattern
	[1]
	[1]
	

	Half frame indicator
	[1]
	[1]
	The location of the 5-ms time window within a frame
[alternatively, S-SSB burst set always locates at the first half of the frame]

	TDD-configSL
	[10]
	[10]
	This field mainly benefits the partial-coverage cases. Specifically, if an out-coverage UE obtains the TDD-config from an in-coverage UE, it will not try any sidelink operations in the resources classified as DL.
The details need to be further studied.

	Bandwidth
	[3]
	[3]
	This field is used to provide the bandwidth of the (pre)configured sidelink resource. 

	Reserved
	5
	1
	This field is for future extension



· PSBCH should carry at least SFN/DFN, range and position of sidelink bandwidth. [8,ZTE,Sanechips]
· PSBCH for NR V2X should include system timing information, TDD UL/DL configuration information or slot format indicator (SFI), location and index of S-SSB transmission, location of SL-BWP and InC indicator. [9,CATT]
	PSBCH contents
	bits
	Notes

	DirectFrameNumber
	10
	[0,1023]

	TDD-UL-DL Configuration
	14
	14bits = 3bits (Period) + 7bits (UL Slot) + 4bits (UL Symbol) 

	Location of S-SSB transmission
	2
	2bits indicate 4 candidate combinations of number of S-SSBs in one burst and interval between two bursts

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

	Location of SL-BWP
	2
	Indicate the offset between SL-BWP and S-SSB

	InCoverage
	1
	Carried by PSBCH Payload explicitly

	Total
	32
	　



· PSBCH content shall contain at least: [12,Samsung]
·Timing-related information such as direct frame number and direct slot number; 
·Sidelink slot configuration;
·Sidelink bandwidth;
·In-coverage indicator;
·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 following content is carried by PSBCH. [15,Intel]
· DFN (frame/sub-frame/slot number)
· Information on whether priority levels P3-P5 are disabled in case of GNSS based synchronization
· SLSS priority for sync source selection 
· TDD-UL-DL configuration information and Slot Format Information (analogue of TDD configuration in LTE)
1. Indicates which slots are used for sidelink/uplink and their configuration
· Sidelink Resource Configuration ID (Profile ID)
1. 	Profile of sidelink resource configuration (applicable at least for ITS carriers)
5. 	Includes information on PSCCH/PSSCH/PSFCH and PSBCH resource configuration on given carrier
5. SLSS/PSBCH offset with respect to Point_A for given sidelink carrier
5. Sidelink Carrier Bandwidth and SL BWP parameters (SCS, CP, BW)
· Reserved bits
1. Configurable number of the (pre)-configured set of bits 

· RAN1 endorses the SL-MIB as given in below table. Send a LS to RAN2. [16,Futurewei]
	MIB Content
	Notes

	sl_Bandwidth
	Needed since the sidelink bandwidth could be configured by the network and different to what is used for out-of-coverage UEs.

	tdd_ConfigSL
	Indicates the TDD configuration

	directFrameNumber
	To obtain Frame Number for synchronization

	directSlotNumber
	To obtain Slot Number for synchronization. Similar field to directSubframeNumber 

	inCoverage
	Indicates if the UE is synchronized with an in-network source or not

	systemFrameNumber
	Not needed since frame synchronization for sidelink is already achieved using the fields directFrameNumber and directSlotNumber

	subCarrierSpacingCommon
	Not needed. After detecting the SLSS, the UE has information about the SCS and the CP length.

	ssb-SubcarrierOffset
	Not needed. if a fixed location is selected for the synchronization signals on the sidelink, this parameter is not used.

	Dmrs-TypeA-Position
	Not needed. 

	Pdcch-ConfigSIB1
	Not needed. Already available at the UE from Uu synchronization procedure.

	cellBarred
	For NR Uu, this parameter controls whether the UE is allowed to camp on a cell. For NR SL, similarly in preventing/allowing V2X operation e.g. consideration of system interference from V2X. 

	Reserved
	



· PSBCH payload includes at least the following information. [17,LG]
· Higher layer signaling part (MIB)
· Slot structure
· Frame number (2 MSBs)
· Physical layer signaling part
· Frame number (8 LSBs)
· Slot index
· S-SSB index (3 MSBs)
PSBCH DM-RS carries at least the following information.
· S-SSB index (3 LSBs)

· PSBCH carries sidelink frame number, sidelink SSB index, and coverage status indication. [22,Qualcomm]

Proposal 9: PSBCH for NR V2X should at least include the following information:
· Direct Frame Number (DFN)
· TDD-UL-DL configuration information / SFI with reasonable overhead
· SL-Bandwidth / SL-BWP information
· In-Coverage Indicator / Type of sync source

Offline Proposal: 
PSBCH for NR V2X should at least include the following information:
· Direct Frame Number (DFN)
· TDD-UL-DL configuration information / SFI with reasonable overhead
· SL-Bandwidth / SL-BWP information
· In-Coverage Indicator
· Type of sync source
· Slot information

Offline Proposal:
	PSBCH contents
	Number of bits
	Notes

	DFN
	[10]
	

	Indication on potential SL slots
	[14]
	System-wide information, e.g. TDD-UL-DL common configuration.

	SL-BWP information
	[4]
	

	In-coverage indicator
	
	FFS how to indicate it.

	Type of sync source
	
	

	Slot index within a subframe
	
	

	CRC bits
	24
	

	Total bits
	
	




Timing information

A lot of companies proposed that PSBCH should carry the information to derive direct frame timing, such as DFN, slot number and/or S-SSB index [3,Spreadtrum] [4,Huawei,HiSilicon] [5,Fujitsu] [7,vivo] [8,ZTE,Sanechips] [9,CATT]  [12,Samsung]  [13,Nokia,NSB] [15,Intel] [16,Futurewei] [17,LG] [21,MediaTek] [22,Qualcomm].
10 companies proposed that DFN should be indicated by PSBCH payload. [3,Spreadtrum] [4,Huawei,HiSilicon] [5,Fujitsu] [7,vivo] [8,ZTE,Sanechips] [9,CATT]  [12,Samsung]  [13,Nokia,NSB] [15,Intel] [16,Futurewei] [17,LG] [22,Qualcomm].
The proposals of timing information were as follows, 
· Timing information including DFN and S-SSB time index should be indicated in SL-MIB. Directly indicating DFN and slot number requires 17 bits. [3,Spreadtrum]
· To derive the S-SSB location within an S-SSB burst set, the following information is indicated: [4,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.
· An S-SSB index indication should be supported in NR V2X for receiving UE to capture timing information. The subframe number of S-SSB repetitions is indicated in the PSBCH payload, and the S-SSB index in the subframe is indicated by DMRS of PSBCH. The timing information in PSBCH payload should be generated from MIB-SL and physical layer, wherein the information bits to indicate SFN are from MIB-SL, and the information bits to indicate subframe number are generated by physical layer. [5,Fujitsu]
· DMRS sequence conveys timing-related information for S-SSB, e.g., S-SSB index. [7,vivo]
· Time index of S-SSB should be carried in PSBCH. For the time index of S-SSB within one S-SSB period, the lower 3 bits are one-to-one mapped to the index of the DM-RS sequence of PSBCH. The other bits, if any, are indicated explicitly in PSBCH. [8,ZTE,Sanechips]
· Burst S-SSB transmission should be supported to reduce the traffic delay for FR2. The number of S-SSBs sent in each burst and the interval between two bursts should be pre-configured or broadcasted by PSBCH. [9,CATT]
· The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X. [9,CATT]
· 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. [12,Samsung]
· SFN information is carried as a part of PSBCH payload. Indicating slot index directly might not be feasible due to larger number of bits needed. [13,Nokia,NSB]
· Fragmenting signaling and/or indications across sequences, PSBCH payload, etc. should be avoided. If the PSBCH already carries timing information which would require PSBCH to be decoded, then other additional information should be carried as well in the PSBCH payload. [16,Futurewei]
· 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. [21,MediaTek]

Proposal 10: At least DFN should be indicated by PSBCH payload. 

TDD UL/DL configuration information

Overhead reduction is the key issue of the indication of TDD UL/DL configuration information. A lot of companies proposed that TDD UL/DL configuration and/or SFI information should be included in PSBCH with reasonable overhead [3,Spreadtrum] [4,Huawei,HiSilicon] [7,vivo] [8,ZTE,Sanechips] [9,CATT] [10,OPPO] [12,Samsung][13,Nokia,NSB][15,Intel][16,Futurewei] [17,LG] [19,Sharp] [22,Qualcomm] [23,NTT DOCOMO].
In three companies’ indication scheme [3,Spreadtrum] [7,vivo] [9,CATT], TDD UL/DL configuration information is no more than 15 bits, and one company’s scheme needs 22 bits [4,Huawei,HiSilicon]. 
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.
	[3,Spreadtrum] [7,vivo] [9,CATT] [10,OPPO] [13,Nokia,NSB] [17,LG] [19,Sharp] [23,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,ZTE,Sanechips] [9,CATT] [19,Sharp] [22,Qualcomm]

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



The proposals of TDD UL/DL configuration information were as follows, 
· Even for single periodicity cell-specific TDD-UL-DL configuration, up to 25 bits are needed and they cannot be carried by SL-MIB due to the limited payload size. Cell-specific TDD-UL-DL configuration should be applied to NR V2X, further discuss how to indicate them in PC5 link. [3,Spreadtrum]
· 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. [4,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.
· In order to convey the NR Uu TDD configuration in PSBCH to partial coverage UE, compression of NR Uu TDD configuration, e.g., with coarse granularity, should be considered. At least the LTE TDD configuration should be supported by TDD-configSL in S-SSB. Different periodicities are supported for TDD-configSL in S-SSB. [7,vivo]
· To indicate the UL/DL TDD configuration in PSBCH based on pattern index which is one-to-one mapped to the slot pattern configured for sidelink. [8,ZTE,Sanechips]
· NR Uu TDD UL/DL Configuration information should be carried by PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. [9,CATT]
· 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. [10,OPPO]
· UL-DL slot configuration (TDD-UL-DL-ConfigCommon) is carried as part of PSBCH payload. [13,Nokia,NSB]
· Slot structure field in PSBCH indicates the slot configuration for SL communication. Every SL slot contains the same number and locations of symbols for SL communication, which is (pre-)configured. [17,LG]
· S-SSB always occupies a whole slot.
· FFS details of the symbol configuration per SL slot (e.g. whether consecutive or not, min. number of symbols, etc).
· Use one of the following alternatives for time domain resource configuration in PSBCH contents: [19,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. 
· Overhead of signalling for NR TDD configuration is too large for PSBCH. A set of TDD configurations and their associated parameters are (pre)configured, and PSBCH sends the index into that (pre)configured set TDD configurations in PSBCH. [22,Qualcomm]
· TDD UL-DL configuration/slot format combination is conveyed on PSBCH. To reduce the PSBCH overhead, only available slot/symbol for NR-SL is informed, instead of indicating DL/UL/flex respectively. [23,NTT DOCOMO]

Proposal 11:  The number of bits for TDD UL/DL configuration should be no more than 15 bits.

Proposal 12:  The TDD UL/DL configuration is indicated by compressed overhead based on the following alternatives:
· Alt 1 (Supported by 8 companies): Indicate the NR Uu TDD UL/DL Configuration information with overhead reduction
· Only inform the number of consecutive uplink slots/symbols and periodicity in order to reduce the overhead 
· Alt 2 (Supported by 5 companies): Indicate the simplified Slot Format Indicator (SFI)
· Simplified SFI refers to the set of pattern indexes which are one-to-one mapped to the slot patterns
· Alt 3 (Supported by 2 companies): Indicate both the TDD UL/DL configuration information and the simplified SFI information

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,Spreadtrum] [4,Huawei,HiSilicon] [7,vivo] [9,CATT] [12,Samsung] [13,Nokia,NSB] [15,Intel] [16,Futurewei].

The proposals of SL-BWP configuration information were as follows, 
· The channel 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. [4,Huawei,HiSilicon]
· Discuss how to indicate SL-BWP through SL-MIB. [7,vivo]
· SL-BWP location shown as the offset between the starting RB of SL-BWP and that of S-SSB should be indicated in PSBCH for NR V2X. [9,CATT]
· SL-BWP (also for IDLE) can be assumed to be (pre-)configured for the UE (including the numerology), thus there would not appear to be any no need to provide the information again in MIB. [13,Nokia,NSB]

Proposal 13: Sidelink bandwidth and the offset between S-SSB and SL-BWP should be included in the content of PSBCH.

InCoverage Indicator / Type of sync source

A lot of companies discussed InCoverage Indicator or type of sync source carried by PSBCH explicitly or implicitly. Five companies [9,CATT] [12,Samsung] [14,Ericsson] [16,Futurewei][22,Qualcomm] proposed that InCoverage indicator should be indicated by PSBCH payload. Three companies [4,Huawei,HiSilicon] [8,ZTE,Sanechips] [15,Intel] proposed that type of sync source should be indicated by PSBCH payload. Two companies [3,Spreadtrum] [21,MediaTek] proposed that InCoverage indicator can be carried in PSBCH-DMRS or SLSS ID rather than PSBCH payload to avoid unnecessary decoding for priority group identification. 
One company [17,LG] proposed no inCoverage field is transmitted as SLSS relaying hop count is implicitly indicated by the range of SL-SSID.. 
There are three options on how to indicate it as in below table,
	Options
	How to indicate InCoverage indicator / Type of Sync source
	Supporting companies

	Option 1: 
PSBCH payload
	InCoverage indicator / Type of Sync source can be carried in PSBCH payload.
	[4,Huawei,HiSilicon] [8,ZTE,Sanechips] [9,CATT] [12,Samsung] [14,Ericsson] [15,Intel] [16,Futurewei] [22,Qualcomm] 

	Option 2: 
PSBCH DMRS or SLSS-IDs
	InCoverage indicator can be carried in PSBCH-DMRS or SLSS ID rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
	[3,Spreadtrum] [21,MediaTek] 

	Option3:
No InC field is transmitted
	SLSS relaying hop count is implicitly indicated by the range of SL-SSID. No inCoverage field is transmitted. 
	[17,LG]



The proposals of In-Coverage indicator were as follows, 
· Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be discussed for sidelink synchronization. [3,Spreadtrum]
· For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported.  [4,Huawei,HiSilicon]
For NR-V2X, the following timing differences should be configured to the sidelink UE:
· offsetDFN1: The timing difference between GNSS timing and eNB timing to derive the DFN.
· offsetDFN2: The timing difference between GNSS timing and gNB timing to derive the DFN.
One bit in PSBCH to indicate the synchronization type is eNB or gNB:
· When this bit is ‘0’:  it means the timing of the S-SSB is coming from eNB, then the offsetDFN1 is used to derive the DFN.
· When this bit is ‘1’:  it means the timing of the S-SSB is coming from gNB, then the offsetDFN2 is used to derive the DFN.
· PSBCH should carry direct synchronization indicator, which is a binary Boolean indicator. [8,ZTE,Sanechips]
· The indicator equal to TURE means the related UE directly synchronized to network (gNB/eNB) or GNSS.
· The indicator equal to FALSE means the related UE does not directly synchronized to network (gNB/eNB) or GNSS.
· In Coverage Indicator can be carried by PSBCH contents explicitly in NR V2X, as PSBCH DMRS need to implicitly carry S-SSB index information, and no room for indication of InC. [9,CATT]
· [bookmark: _Toc21373307]A field in PSBCH is included to signal whether the TX UE is directly or indirectly connected to the synchronization source(similar to inCoverage for LTE). [14,Ericsson] 
· The inCoverage indicator can be carried in PSBCH-DMRS or SLSS ID rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [21,MediaTek]
· SLSS relaying hop count is implicitly indicated by the range of SL-SSID. No inCoverage field is transmitted. [17,LG]

Proposal 14: InCoverage indicator or Type of Sync source can be carried in PSBCH payload explicitly.

Others

There were discussions in other aspects for PSBCH contents as follows,
· [10,OPPO] proposed that IC UE should transmit RP(Resource Pool) related configuration to OOC UEs. 
· [12,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.
· [13,Nokia,NSB] observed that 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. 
· [14,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.
· [17,LG] proposed that NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling.
· The first and the second scrambling sequence is initialized with Cinit=SL-SSID.
· Every S-SSB block within a S-SSB period is scrambled by a different scrambling sequence.
· The different scrambling sequences are generated based on the S-SSB index.

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 PSBCH payload size could be greater than 56bits, e.g., it could be 70bits. The 70bits payload size satisfies the performance requirements in both NCP and ECP cases. [4,Huawei,HiSilicon]
· A unified PSBCH payload should be defined for in all cases, e.g., under the controlled of NR network or LTE network. [7,vivo]
· It is hardly achievable to keep the PSBCH payload size no more than 56 bits if TDD UL/DL configuration are fully indicated in PSBCH. [8,ZTE,Sanechips]
· PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension. [9,CATT]
Synchronization Procedures

Selection of synchronization reference
When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., S-RSRP) [8,ZTE,Sanechips] [9,CATT] [10,OPPO] [12,Samsung] [15,Intel]  [16,Futurewei] [18,ITRI] [20,NEC] [24,Xiaomi] [25,ITL]. And [14,Ericsson] proposed that RAN4 should study how to select between different synchronization sources when both are present and have equal priority. RAN4 will inform other WGs if there is any specification impact, for example to RAN1.
And several companies proposed that SLSS of a specific UE (e.g. platoon head) can have a higher priority in unicast and groupcast in the synchronization procedure [11,TCL] [13,Nokia,NSB] [26,Sequans].
A lot of companies discussed selection of synchronization reference as follows,
· 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. [6,Mitsubishi]
· When there are two or more sync references of the same priority available during re-synchronization process: [6,Mitsubishi]
· If there are sync references from the same synchronization class (synchronized together) as the latest used SyncRef, and if their RSRP is sufficient, the UE selects its SyncRef based on one (e.g. strongest) or a combination of synchronization references from the same synchronization class
· Otherwise, the UE selects its SyncRef based on one or a combination of synchronization references from a different synchronization class with highest RSRP 
· Introduce special-UE as a new transversal synchronization reference for both gNB/eNB-based and GNSS-based synchronization. [11,TCL]
· 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. [13,Nokia,NSB]
· [bookmark: _Toc5110848]Transmission of SLSS/PSBCH is a mandatory UE capability. [14,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.
· No priority order is defined for initial NR V2X sidelink synchronization. UE can trigger sidelink communication once it has acquired any of valid sidelink synchronization sources, while continuing search for higher priority sync sources. It is up to UE implementation which reference eNB or gNB to use for NR or LTE sidelink synchronization. [15,Intel]
· Adopt SLSS ID and PSBCH content propagation rules provide in Table 1 for UEs with sync source selection priorities P1, P2, P4, P5. In case of gNB/eNB based synchronization, eNB when it serves for NR-V2X sidelink synchronization provides signalling for NR-V2X PSBCH content, SLSS ID, and configuration of sidelink synchronization resources. Signalling details are up to RAN2 (i.e. whether to update SIB21 or any other signalling). Adopt SLSS ID and PSBCH content propagation rules provided in Table 2 for UEs with P6 sync source selection priority (i.e. lowest priority). [15,Intel]
· When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP. [16,Futurewei]
· LTE-V2X synchronization procedures are reused except the following modifications: [17,LG]
· Modified GNSS-based synchronization priority rule as agreed in RAN1 #98
· Support only 2-subframe based SLSS transmission/reception procedure by directly indicating hop count with SL-SSID
· Remove inCoverage field in PSBCH payload
· Configuring eNB as sync source via sidelink configuration signalling 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. [20,NEC]
· 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 collide 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. [21,MediaTek]
· 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. [26,Sequans]

Proposal 15: When two or more synchronization sources have same priority, S-RSRP can be used for the selection of the synchronization source.

Offline Proposal (no consensus)
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.
· The candidates for selection of synchronization source should be above the (pre-)configured threshold
· The selection criteria from the following
· Alt 1: higher S-SSB RSRP
· Alt 2: NR V2X SSID (for out-of-coverage UEs)

Resource configuration for S-SSB transmission
Several companies [3,Spreadtrum] [4,Huawei,HiSilicon] [8,ZTE,Sanechips] [17,LG] supported two sets of synchronization resources for S-SSB burst set in NR V2X, one resource for S-SSB transmission and another one for S-SSB reception. [10,OPPO] proposed that the same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. 
[4,Huawei,HiSilicon] [7,vivo] [11,TCL] proposed that S-SSB is TDMed with data, and FDM between S-SSB and PSFCH/PSSCH/PSCCH is not supported. [15,Intel] proposed that both TDM as well as TDM & FDM allocation of sidelink synchronization resources is supported. 
[7,vivo] [17,LG] proposed that slots containing S-SSB are excluded from sidelink resource pool. 
There were discussions in time and frequency resource configuration or triggering for S-SSB transmission as follows,
· Support 2 synchronization resources in NR V2X. FFS whether and how to distinguish the UEs directly synchronizing to GNSS but with different PSBCH contents. [3,Spreadtrum]
· S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. [4,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. [4,Huawei,HiSilicon]
· At least two resources for S-SSB burst set can be defined within the 160 ms S-SSB periodicity. [4,Huawei,HiSilicon]
· The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements over the RX antennas. [4,Huawei,HiSilicon]
· FDM between S-SSB and PSFCH/PSSCH/PSCCH is not supported. Slots containing S-SSB are excluded from sidelink resource pool. [7,vivo]
· Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported. [8,ZTE,Sanechips]
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [10,OPPO]
· Support configurable time-domain resources for SL-SS transmissions. FDM multiplexing of S-PSS and S-SSS with other signals should not be allowed inside the S-SSB. [11,TCL]
· 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: [12,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.
· 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. [12,Samsung]
· 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. [14,Ericsson]
· 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.  [15,Intel] 
· Both TDM as well as TDM & FDM allocation of sidelink synchronization resources is supported. Sidelink synchronization resource for SSB transmission is associated either with. [15,Intel]
· Option 1: the type of sync reference UE
· UE directly synchronized to GNSS
· UE indirectly synchronized to GNSS
· UE directly synchronized to gNB/eNB
· UE indirectly synchronized to gNB/eNB
· Option 2: directly with priority level (P1, P2, P4, P5) assuming that configuration of the top priority sync source (i.e. GNSS or gNB/eNB) is known
· S-SSB slot is not included in the SL resource pool. Maximum two S-SSB slots are used for S-SSB reception and transmission. There is no reason to differentiate whether the UE is inside or outside of cell coverage when the UE is directly connected to GNSS. In a LTE-NR synchronized mode, S-SSB is not transmitted in a NR carrier. [17,LG]
· 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. [19,Sharp]
· UE should transmit S-SSB if at least one of following conditions are satisfied: [20,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. [20,NEC]
· S-SSB transmitting triggering scheme should be specified. [24,Xiaomi]

Proposal 16: The locations of S-SSB bursts and S-SSB burst set are specified within the 160 ms S-SSB periodicity to allow UE combining of multiple SSBs.
Synchronization enhancements

There were proposals on synchronization enhancement schemes as follows,
· Multi-cluster synchronization should be supported for communication between NR V2X and LTE V2X UEs, as the NR V2X may operate in a licensed band while the LTE-V2X operates in the ITS spectrum band. [17,LG]
· 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. [21,MediaTek]
· Support mechanisms allowing merging synchronization clusters. Timing difference between different synchronization clusters measured by a UE capable of seeing both clusters can be used as assistance information for cluster merging. [6,Mitsubishi]
· For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure. [6,Mitsubishi]
· Consider support of mechanisms for simplified re-synchronization procedure. [6,Mitsubishi]
· Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference. [14,Ericsson]
· NR SyncRef UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SLSS (SSB) ID within the out-of-coverage SLSS (SSB) ID set. [22,Qualcomm]
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Appendix: RAN1 agreements on synchronization

RAN1#94 agreements:

Agreements:
· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH
· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE
· Note: this doesn’t mean all of them are to be supported

RAN1#94bis agreements:

Agreements:
At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
Whether a source is supported is for further NR V2X UE capability consideration

Agreements:
NR V2X sidelink operation includes the following cases:
NR V2X sidelink is synchronized with LTE V2X sidelink
NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure

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

Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)

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

RAN1#95 agreements

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

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

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

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

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

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

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

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

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

	SNR Range
	> -6 dB
	> -6 dB

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

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


	Initial Frequency Offset

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



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

RAN1#AH-1901 agreements:

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

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

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

Agreements:
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  

Agreements:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
· Companies to report detailed assumptions e.g. the detection method/probability/etc. for the target SINR

Agreements:
For the evaluation at next meeting, sequence length of  S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
· Other sequence lengths are not precluded

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

RAN1#96 agreements:

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

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



Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
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.
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Figure 5: The DMRS pattemns evaluated for normal CP.
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