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Introduction
According to the timelines of the chairman’s guideline on feature lead summary, it can be referred as:
· Preparation phase (2/17-2/21):
· By the end of 2/17: Feature leads to summarize critical issues for each sub-agenda.
· 2/18-2/21: Email discussion to finalize the set of issues for each sub-agenda. By the end of 2/21, all critical issues will be identified, and a revised feature lead summary on sidelink synchronization will be submitted in R1-2000833.
· Official email discussion/approval phase (2/24-3/6):
· 2/24-2/26: Email approval of RAN1#99 meeting minites.
· 2/24-3/3: Email discussion/approvals for the identified critical issues
· For Rel-15, individual CRs
· For Rel-16, the endorsed TPs
· 3/4-3/6: Email approvals of per-WI per-spec Rel-16 editors’ CRs

Sidelink synchronization issue list
This feature lead summary document captures the remaining issues of sidelink synchronization mechanism aspects for NR-V2X based on the submitted contributions [3]-[21]. The issue list with priorities can be found as following subsection.

Issues with TOP priority

	Issue#
	Descriptions
	Tdocs

	1
	1-1 Content of PSBCH: Indication of TDD configuration
	[3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7, Spreadtrum] [10,CATT] [12,Futurewei] [13,Samsung] [16,CMCC][17,LGE] [19,NTT DOCOMO]

	
	1-2 Content of PSBCH: Slot index vs. S-SSB index
	[10,CATT]

	2
	DM-RS sequence initialization for PSBCH: How to generate Cinit
	[3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7, Spreadtrum] [10,CATT] [12,Futurewei] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson]

	3
	Scrambling of PSBCH
	[3,Huawei, HiSilicon] [4,vivo] [13,Samsung] [15,Intel] [17,LGE]

	4
	4-1 Transmission power of S-SSB: S-SSB power control
	[3,Huawei, HiSilicon] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson]

	
	4-2 Transmission power of S-SSB: Power difference for S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data
	[4,vivo] [12,Futurewei] [13,Samsung] [14,ITRI] [17,LGE]

	5
	S-PSS/S-SSS frequency position in S-SSB
	[4,vivo] [7, Spreadtrum] [13,Samsung] [17,LGE]

	6
	PSBCH rate matching for extended CP
	[4,vivo] [7,Spreadtrum]



Issues with Medium priority

	Issue#
	Descriptions
	Tdocs

	7
	7-1 QCL for S-SSB transmission: Whether to define QCL for S-SSB transmission
	[12,Futurewei] [15,Intel] [17,LGE] [21,Ericsson]

	
	7-1 QCL for S-SSB transmission: How to define QCL for S-SSB transmission
	[3,Huawei, HiSilicon] [4,vivo] [6,ZTE, Sanechip] [13,Samsung]

	8
	Resource sets for S-SSB transmission
	[5,Nokia, NSB] [9,OPPO]

	9
	Lower SLSS ID with higher priority for P6/P6’ UE
	[20,Qualcomm] [17,LGE]

	10
	Timing determination of S-SSB
	[13,Samsung] [11,Fujitsu]

	11
	Multiplexing between S-SSB and data
	[3,Huawei, HiSilicon]



Issues with Low priority

	Issue#
	Descriptions
	Tdocs

	12
	SL timing derived from GNSS
	[3,Huawei, HiSilicon] [8,Mediatek] [18,Sharp]

	13
	SL timing derived from eNB/gNB timing
	[8,Mediatek] [5,Nokia, NSB]

	14
	Timing offset between eNB and gNB synchronization source
	[3,Huawei, HiSilicon] [8,Mediatek] [14,ITRI]

	15
	eNB type synchronization as UE capability
	[3,Huawei, HiSilicon]

	16
	LTE UE as a synchronization source for NR SL
	[5,Nokia, NSB]

	17
	Synchronization to multiple sources
	[5,Nokia, NSB]

	18
	Limitation on the S-SSB interval
	[3,Huawei, HiSilicon]

	19
	(Re-)selection of SyncRef in EN-DC/NE-DC network
	[8,Mediatek]
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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
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. 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.

RAN1#99 agreements:

Agreements:
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.

Agreements:
· Proposal 4 in R1-1912157 is agreed

Agreements:
The in-coverage indicator as included in PSBCH payload is 1-bit.

Agreements:
For PSBCH DM-RS RE position: 
· No shift in frequency domain is adopted.

Agreements:
For PSBCH DM-RS RE position: 
· Every symbol of PSBCH contains the DM-RS. 

Agreements:
· The S-SSB resources in time domain is (pre-)configured.

Agreements:
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.

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

Agreements:
· The triggering of S-SSB transmission in NR V2X reuses the same mechanism that in LTE V2X.

Agreements:
· The S-SSBs within the period of 160ms are distributed with the same interval with the following (pre-)configured parameters:
· The offset from the start of the S-SSB period to the first S-SSB
· The interval between neighboring S-SSBs

Working assumption:
· PSBCH payload size is 56 bits including 24 bits of CRC.

Agreements:
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates

	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload.

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
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