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1 Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1]. One of the WID objectives relates to sidelink synchronization.
	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


This contribution is a part of Rel.16 maintenance work, where we continue discussion on remaining open aspects of sidelink synchronization and provide our recommendations to resolve them. Our views on other NR V2X design aspects are summarized in our companion contributions [2]-[6].
2 NR V2X Sidelink Synchronization – Remaining Opens
S-SSB TX Power
The transmit power of S-SSB is one of the open aspects for NR-V2X communication. In our view, similar procedure as used for other channels should be applied including Uu link OLPC with dedicated Uu link OLPC parameters for S-SSB transmission (αS-SSB and PS-SSB). The only difference is that S-SSB transmit power should not be dependent on congestion control and sidelink pathloss. In addition, the same transmit power should be used for S-PSS, S-SSS and PSBCH.





Sidelink OLPC based on Uu pathloss with dedicated OLPC parameters (αS-SSB and PS-SSB) is supported for S-SSB transmission 
The same transmit power is applied for all S-SSB components: S-PSS, S-SSS and PSBCH

PSBCH Content
The PSBCH content shown in table below was agreed by RAN1 with a WA on number of bits for slot index within a frame and for indication of TDD configuration.

	PSBCH contents
	Number of bits

	DFN
	10

	Indication of TDD configuration
	12 

	Slot index
	7

	In-coverage indicator
	1

	Reserved bits
	

	CRC
	24

	Total bits
	56


In our view, for NR-V2X it is also beneficial to include additional fields in PSBCH content such as: 
Sidelink Resource Configuration ID (Resource Configuration Profile ID). 
In LTE-V2X there is no any information on sidelink resource configuration carried by SCI although it is clear that this information is essential for sidelink communication. At the same time number of bits to carry this information in PSBCH is prohibitively large. Instead of transferring configuration settings it is proposed to define ID for sidelink resource configuration profile. The main principle behind is that UE may be (pre)-configured with multiple profiles of sidelink resource configuration. Once UE decodes PSBCH, it extracts information on ID and thus associated sidelink resource configuration profile, so it can trigger sidelink communication right away.
· Profile of sidelink resource configuration may include at least the following configuration
· Sidelink Carrier Bandwidth and BWP parameters
· PSCCH/PSSCH/PSFCH resource pool configurations
· S-SSB / PSBCH resource configurations 
· SLSS/PSBCH offset with respect to Point A for a given sidelink carrier
In addition, the indication of TDD configuration can be also a part of sidelink resource configuration profile ID. If this principle is agreed, it is possible to save significant amount of payload bits and enable greater flexibility for sidelink operation.
Reserved bits
The number of bits and set of bit values should be a pre-configurable parameter to ensure forward compatibility.
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PSBCH content defines the following additional parameters
Sidelink Resource Configuration ID
Reserved bits with pre-configurable number of bits and bit values

DMRS sequence initialization for PSBCH
The DMRS sequence generation and mapping for PSBCH transmission can be based on PBCH design with the exception that the scrambling sequence generator shall be initialized at the start of each slot carrying S-SS/PSBCH block and initialized with SLSS-ID.


DMRS sequence generation and mapping for PSBCH transmission is based on PBCH design with the exception that the scrambling sequence generator is initialized at the start of each slot carrying S-SS/PSBCH block and initialized with SLSS-ID

QCL for S-SSB transmission
The following aspects need to be discussed:
Scenario 1. QCL of S-SSB with other sidelink physical channels/signals
Scenario 2. QCL assumptions between S-SSB transmission over different periods 
Scenario 3. QCL assumptions within S-SSB signals/channels 
Scenario 4. QCL assumptions for S-SSB transmission within S-SSB burst
In our view, Scenario 1 is not applicable and out of NR-V2X sidelink scope due to SFN type of SSB transmission. Scenario 2 is also not applicable due to UE mobility and possibility that some of the UEs can cease SSB transmission or change spatial filter between transmission periods. The QCL may be assumed between S-PSS/S-SSS and PSBCH however it is already stated in specification that: “For an S-SS/PSBCH block, the UE shall use antenna port 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH”. The benefits of QCL indication for scenario 4 are not obvious especially considering pre-configured interval between SSB transmission within a burst and therefore we do not see motivation to define QCL signaling for S-SSB transmissions within S-SSB burst.
Motivation to introduce QCL framework for S-SSB transmission seems not sufficiently justified for sidelink NR-V2X operation. 


Do not define QCL signalling for S-SSB transmissions

PSBCH Scrambling

The PSBCH scrambling was not discussed by RAN1. Following LTE-V2X design, we propose to initialize the scrambling sequence generator at the start of every PSBCH slot with SLSS ID ().

 
PSBCH scrambling sequence generator is initialized at the start of every PSBCH slot with SLSS ID (cinit = SLSS ID)

3 Conclusion
In this contribution, we have discussed remaining open aspects of NR V2X sidelink synchronization and provided our recommendations to resolve them. In summary, we have following proposals:

Proposal 1: 
Sidelink OLPC based on Uu pathloss with dedicated OLPC parameters (αS-SSB and PS-SSB) is supported for S-SSB transmission 
The same transmit power is applied for all S-SSB components: S-PSS, S-SSS and PSBCH

Proposal 2: 
PSBCH content defines the following additional parameters
Sidelink Resource Configuration ID
Reserved bits with pre-configurable number of bits and bit values

Proposal 3: 
DMRS sequence generation and mapping for PSBCH transmission is based on PBCH design with the exception that the scrambling sequence generator is initialized at the start of each slot carrying S-SS/PSBCH block and initialized with SLSS-ID

Proposal 4: 
Do not define QCL signalling for S-SSB transmissions

Proposal 5: 
PSBCH scrambling sequence generator is initialized at the start of every PSBCH slot with SLSS ID (cinit = SLSS ID)
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5 Annex A – List of RAN1 Agreements on NR V2X Sidelink Synchronization
At the previous RAN1 WG meetings, the following agreements were made on NR-V2X Sidelink Synchronization:
	RAN1#94 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:
· 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 behavior) 
. Whether a source is supported is for further NR V2X UE capability consideration
· 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
· 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)
· Periodic transmission of S-SSB in NR V2X  is supported
. FFS:  whether one/more S-SSB is transmitted in a period
RAN1#95 Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier
· 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
· 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 
16. Use cases of NR SL-SSID should be addressed
· 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 AdHoc-1901 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
· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypotheses 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
· 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:
· 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. 



· NR V2X supports using a sidelink RS for synchronization purpose
· Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
· This RS is not a standalone RS and not part of SLSS.  
· This RS will not appear in the synchronization procedure for the selection of sync sources.
· RS used for the synchronization purpose would not impact any sidelink RS design
· FFS:  Whether this RS is DM RS or other RS
· FFS: Whether this could be achieved by UE implementation 
· FFS: Specification impact 
RAN1#96bis 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
· 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
· 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

· 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.
· 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
· 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 P1 is (pre-) configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.
· 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:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning

· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
· NR S-SSB structure for NCP is as follows:
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· 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
· 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. 
· 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
· 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.)
· Note: the values in bracket are subject to further discussion regarding potential removal all-together
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

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


When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2

RAN1 #98Bis Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.
· 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
	
	



· 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
· 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
· 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.

Post-RAN1 #98Bis e-mail Discussion Outcome:
· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
· Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS

RAN1 #99 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.
Proposal 4 in R1-1912157 is agreed:
There are 672 unique physical-layer sidelink identities given by:
· 
· where  and 
· The in-coverage indicator as included in PSBCH payload is 1-bit.
· For PSBCH DM-RS RE position: 
· No shift in frequency domain is adopted.
For PSBCH DM-RS RE position: 
· Every symbol of PSBCH contains the DM-RS. 
The S-SSB resources in time domain is (pre-)configured.
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.
S-SSS reuses, the same polynomials, initial values and cyclic shifts as that of the Gold sequences of NR DL-SSS.
The triggering of S-SSB transmission in NR V2X reuses the same mechanism that in LTE V2X.
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.
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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