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Introduction
In this contribution, we provide summary of issues and related proposals of sidelink synchronization mechanism aspects for NR-V2X, including draft proposals for offline consensus. Based on the summary of offline discussion on sidelink synchronization in NR V2X in RAN1#94bis meeting [1] and review of the submitted contributions [2]-[25], the following list of issues was identified:
· Design principles
· The principles for the design of synchronization mechanism
· Synchronization signals
· Sequence type for NR Sidelink Synchronization signals
· Sequence length for NR Sidelink Synchronization signals
· NR V2X SSID
· Distinguishing  from NR Uu SS sequences
· Synchronization waveform
· Supporting CP-OFDM and/or DFT-s-OFDM  for the waveform of S-SSB
· Synchronization numerology
· Fixed numerology for S-SSB
· Same numerology for S-SSB and PSCCH/PSSCH
· Transmitting S-SSB with different SCS
· Limitation of channel BW
· The minimum support bandwidth for S-SSB transmission
· S-SSB structure
· Criteria for design of S-SSB
· Mapping of S-PSS/S-SSS/DMRS/AGC/GP/CP
· Number of S-SSB per slot or per period
· Periodicity of S-SSB transmission
· Relationship between NR Uu SSB and NR V2X S-SSB
· Beam sweeping of S-SSB
· S-SSB burst set
· UE frequency stability
· Working assumption on initial frequency error
· Effect of initial frequency error
· PSBCH contents
· Functionalities of PSBCH
· The information contained by PSBCH
· The payload size of PSBCH
· Synchronization sources
· Whether Supporting LTE UE can be included as the NR V2X synchronization sources
· New type of Synchronization sources
· Priority and selection of the synchronization sources
· Synchronization procedures
· Synchronization between NR sidelink and LTE sidelink
· Resource configuration for S-SSB transmission
· NR-V2X carrier aggregation
· Synchronization enhancements
· Simulation assumptions
· Simulation assumptions for sidelink synchronization LLS
In the following sections, we provide details descriptions of these issues on the sidelink synchronization mechanism and draft proposals for further discussion and offline consensus. 

Background
In RAN1 #94bis meeting, the following agreements were achieved related to NR V2X Sidelink synchronization mechanism [26]:
 (
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 UE
s 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
)
Based on these agreements, companies continued discussion on sidelink synchronization mechanism in [2]-[25].
Issue 1: UE initial frequency error 
In this section, several aspects for UE frequency stability are discussed, including Working assumption on initial frequency error [2] [6] [20], Effect of initial frequency error [6].

Working assumption on initial frequency error
In [2] [6] [20], ±[5] ppm is confirmed to be working assumption for initial frequency error evaluation. In [2], ±10ppm is also proposed. In [20], clarify that ±[5] ppm for evaluation applies to the case when the UE was not synchronized to any source in the past.
The detailed proposals from companies are listed in below:
· For the purpose of evaluation, the initial frequency offset for initial acquisition is uniformly distributed +/- 5 ppm, ±10ppm, as defined in the table A1.5-1 of TR 38.802.[2]
· The working assumption that initial frequency error should be within ±[5] ppm for the purpose of evaluation is confirmed.[6]
· Revaluate the time/frequency error requirements for NR V2X data/control and synchronization signal transmissions.[20]
· Clarify that the working assumption on initial frequency error of ±[5] ppm for evaluation applies to the case when the UE was not synchronized to any source in the past. [20]

Effect of initial frequency error
· The effect of initial frequency error to detection performance of synchronization signals should be considered.[6]
· Synchronization accuracy
· Complexity of detection

Proposal for offline consensus: 
The working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation is confirmed.  

Issue 2: Synchronization numerology
In this section, several aspects for synchronization numerology are discussed, including fixed numerology for S-SSB [5][6], same numerology for S-SSB and PSCCH/PSSCH[2][3][5] and transmitting S-SSB with different SCS[16]. 

Fixed numerology for S-SSB
In [5] [6], companies support fixed numerology for S-SSB. 
The detailed proposals from companies are listed in below:
· If PSCCH/PSSCH numerology is not fixed, define fixed numerology for SLSS/PSBCH transmissions, and FFS if numerology of SLSS/PSBCH is fixed in specification or frequency band dependent. [5]
· A default SCS is pre-configured for SLSS/PSBCH transmission. [6]

Same numerology for S-SSB and PSCCH/PSSCH
In [2] [3] [5], companies proposed that NR sidelink supports the same numerology for S-SSB and PSCCH/PSSCH. In [3], it is proposed that S-SSB and the other sidelink transmission in the same resource pool share the same numerology. In [5], it is proposed that if fixed numerology is agreed for PSCCH/PSSCH, use the same numerology for sidelink synchronization (SLSS/PSBCH). 

Transmitting S-SSB with different SCS
In [16], it is proposed that for a case that NR V2X UEs located in different cells transmit SLSS/PSBCH with different subcarrier spacing, or in-coverage NR V2X UEs and out-of-coverage NR V2X UEs transmit SLSS/PSBCH with different subcarrier spacing, a new synchronization mechanism should be considered for NR V2X. 

Others
In [22], it is proposed that Study further which NR sidelink numerologies can use LTE based signals as synchronization sources.

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

Issue 3: Channel BW for S-SSB
In this section, limitation of channel BW for S-SSB transmission is discussed [3] [6] [22]. 
In [3], it is proposed that for FR1, the transmission bandwidth containing S-SSB is no more than 10MHz; for FR2, the transmission bandwidth containing S-SSB is no more than 200MHz. In [6], it is proposed that the minimum support bandwidth should be determined first for the design of V2X S-SSB; the minimum system bandwidth should be specified in RB number. The proposed minimum system bandwidth is about 25RB. In [22], it is proposed that the required bandwidth of NR sidelink synchronization signals depends on the sub-carrier spacing of the sidelink transmissions.

Offline consensus: 
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


Offline consensus
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  
· Alt3: other values 

Issue 4: Synchronization signals
In this section, several aspects for design of synchronization signals are discussed, including sequence type[2][6][16][21][24], sequence length[2][6], NR V2X SSID[3][6][17][21][24], and distinguishing NR V2X SS sequences from NR Uu SS sequences[21]. In [25], it is proposed that the SLSS sequence design should be studied considering robustness to errors, correlation, cubic metric, and sequence length.

Sequence type for NR Sidelink Synchronization signals
In [2] [6] [16] [21] [24], companies proposed that M sequence should be used in the design of NR V2X sidelink synchronization signals. No other candidate sequences are proposed except for M sequence. It seems that we can achieve the consensus that the M-sequence used for NR-PSS and NR-SSS is used as the sequences for NR V2X S-PSS/S-SSS.

Sequence length for NR Sidelink Synchronization signals
In [2] [6], two companies proposed the length of M sequence for S-PSS and S-SSS, but with different values.
· The length of S-PSS and S-SSS is 127. [2]
· The length of S-PSS and S-SSS sequences is proposed to be 255. [6]

NR V2X SSID
In [6] [17] [21], companies proposed that NR V2X SSID need to be expanded for capacity enhancement.  
The detailed proposals from companies are listed in below:
· S-PSS and S-SSS should be used to carry SLSSID and determine the type of the sync source. [3]
· NR V2X SSID need to be expanded from the current 336, e.g. to 672. [6]
· Enhancement of sidelink identity capacity can be considered for NR V2X SLSS. [17]
· Two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs. [21]
· NR V2X should study the partition of SL-SSID for in network coverage and out of network coverage for the synchronization reference sources. [24]
· NR SL S-PSS/S-SSS sequences need to be studied considering SL-SSID and correlation property.[24]

Distinguishing  NR V2X SS sequences from NR Uu SS sequences
In [21], it is proposed that NR sidelink SS sequences should be distinguish from NR downlink SS sequences by different CS values or by different primitive polynomials not used for PSS/SSS.

Offline consensus: 
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.

Offline consensus: 
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
Issue 11: Simulation assumptions
Simulation assumptions for sidelink synchronization LLS
In [14], one company proposed the simulation assumptions for sidelink synchronization LLS.
· Use the following table as a starting point for evaluation assumptions for sidelink synchronization LLS. [14]
	 
	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



Offline consensus: 
Proposal:  Using the above table as a starting point for evaluation assumptions for sidelink synchronization LLS.
· Detection probability  of S-PSS/S-SSS
· Decoding BLER of S-PBCH


Offline consensus
The study of NR V2X synchronization includes synchronization based on S-SSB  
The study also includes use of other sidelink signals for the sidelink synchronization
Issue 5: Synchronization waveform
In this section, the waveform of S-SSB is discussed. There are two candidates for the waveform of S-SSB, one is DFT-s-OFDM, and the other is CP-OFDM. Only two companies clearly indicated that they supported S-SSB to only adopt one kind of waveform [3] [6]. And one company claimed that NR V2X should support only single waveform for the sidelink SSB [15].

Supporting CP-OFDM for the waveform of S-SSB
In [3], it is proposed that only CP-OFDM is supported for the waveform of S-SSB. 

Supporting DFT-s-OFDM for the waveform of S-SSB
In [6], it is proposed that during sidelink synchronization procedure, DFT-s-OFDM should be used to extend the V2X coverage area. 

Others
The detailed proposals from companies are listed in below:
· If only CP-OFDM is supported, the scheme of SS/PBCH block can be reused; and if both DFT-s-OFDM and CP-OFDM are supported, an enhanced scheme is needed. [8]
· NR V2X should support only single waveform for the sidelink SSB. [15]
· Support common waveform(s) for S-PSS, S-SSS and PSBCH within S-SSB. [19]

Proposal for offline consensus: 
Proposal : DFT-s-OFDM, CP-OFDM or both of them should be further studied for sidelink synchronization waveform.

Issue 6: S-SSB structure
In this section, several aspects for S-SSB structure are discussed, including Criteria for design of S-SSB[3][5][6][7][11][14][17][22][23], Mapping of S-PSS/S-SSS/DMRS/AGC/GP/CP[2][3][5][6][10][11], Number of S-SSB per slot or per period[2][6][7][8][10][16][19][24], Periodicity of S-SSB transmission[3][15][18][19], Differentiating NR V2X S-SSB from NR Uu SSB [3][5][11][15][22], Beam sweeping of S-SSB[3][6][11], S-SSB burst set[21].

Criteria for design of S-SSB
In [3] [17], companies claimed that a unified S-SSB structure should be applied for both FR1 and FR2. In [17] [23], companies proposed that NR SSB structure can be used as a starting point for S-SSB design. In [5] [7] [11] [14] [23], companies proposed that latency, overhead, capacity requirement, detection performance, detection complexity, standardization effort should be taken into account in NR S-SSB design.
The detailed proposals from companies are listed in below:
· Consider a unified S-SSB resource pattern that applies to different frequency ranges and SCSs [3]. 
· Apply LTE-V2X SLSS/PSBCH link budget as a baseline target for NR-V2X SLSS/PSBCH design [5].
· Study solutions how to minimise impact on latency that may be caused by sidelink synchronization resource. [5]
· The design of NR V2X S-SSB structure should consider the following factors: [6]
· Waveform
· Bandwidth / SCS
· DMRS
· S-SSB burst : Beam sweeping / Repetition
· Considering to minimize transmission overhead and transmission capability requirement for S-SSB transmission in NR V2X. [7]
· Successful detection performance must be ensured even in one SLSS/PSBCH block reception. [11]
· Detection complexity issue due to relatively long periodicity of SLSS/PSBCH should be taken into account in NR SLSS/PSBCH design. [11]
· Rel-15 NR design of SS/PBCH block and burst set can be a starting point for designing NR V2X synchronization channels. [14]
· Determine the following parameters in an early stage of SI
· Number of synchronization IDs
· SCS of S-SSB per band
· Periodicity of S-SSB
· Maximum number of S-SSB in a period
· Further study enhancement on signal and channel design for improving the one-shot detection performance.
· Further study the mechanism of resource allocation to support bursty transmission of S-SSB. 
· NR SS/PBCH block structure should be used as a starting point for both FR1 and FR2 for NR V2X SLSS. [17]
· Unified synchronization structure and procedure using NR SSB structure should be considered across FR1 and FR2 for NR V2X Sidelink Synchronization. [17] 
· The NR SSB based design can result in lower coverage/performance than LTE-V2X sidelink based synch design. [22]
· For NR S-SSB, reuse NR Uu SSB design as much as possible to reduce unnecessary standardization effort and complexity as well as NR V2X UE/hardware complexity.[23]

Mapping of S-PSS/S-SSS/DMRS/AGC/GP/CP
In [2][3][10], companies proposed that the symbols for S-SSB should be studied and SSSS and PSBCH should be TDM. In [3], it is claimed that S-SSB should include DMRS for PSBCH demodulation. In [3] [6] [5] [11], companies proposed that AGC and GP should be considered when design S-SSB. In [11], it is proposed that RAN1 should study the synchronization procedure in insufficient CP length case.
In [3][6][10][22], companies proposed the detailed S-SSB patterns, as shown in Figure 1.
[image: ]    [image: ]
a) S-SSB pattern in [3]			                       b) S-SSB pattern in [6]
[image: ]    [image: ]
c) S-SSB pattern in [10]				     d) S-SSB pattern in [22]
Figure 1: Proposed S-SSB patterns in [3][6][10][22]
The detailed proposals from companies are listed in below:
· The number of S-SSB symbols for S-PSS/S-SSS/PSBCH and the number of RBs for S-PSS/S-SSS/PSBCH should be studied. [2]
· S-PSS/S-SSS and PSBCH should be TDM multiplexed. [3]
· S-PSS and S-SSS are located at first and last OFDM symbol of S-SSB. Comb-like resource mapping on S-PSS and S-SSS is supported, in order to differentiate S-SSB from Uu SSB. [10]
· S-SSB should include DMRS for PSBCH demodulation; [3]
· AGC and TX/RX switching periods should be taken into account when design S-SSB; [3]
· In front of each S-SSB, one symbol of AGC training sequence should be added.[6]
· AGC and Tx/Rx switching periods should be taken into account in NR SLSS/PSBCH block design. [11]
· Study benefits of SLSS (or any other known signal) transmission at the first symbol of slot as an AGC training symbol [5]
· All UEs occupying particular slot (or its part) for any sidelink transmission also transmit AGC training symbol
· AGC training symbol power is the same as the transmit power of the subsequent sidelink symbols in a given slot [5]
· RAN1 should study the synchronization procedure to facilitate sidelink communication even in insufficient CP length. [11]

Number of S-SSB per slot or per period
In [2] [6] [7] [8] [10] [16] [19] [21] [24], companies supported multiple S-SSB transmission in one period. In [2] [8], companies claimed that the number of S-SSB transmissions per period may be carrier frequency dependent. In [6], it is proposed that at least two S-SSBs per Slot for beam sweeping of 64 S-SSBs. 
The detailed proposals from companies are listed in below:
· The maximum number of S-SSB, Lmax, within an S-SSB burst set may be carrier frequency dependent and needs to be studied for each frequency range. [2]
· It requires at least two S-SSBs per Slot, so that beam sweeping of 64 S-SSBs can be finished in 5 ms for 120 KHz SCS.[6]
· The number of S-SSBs within a period should be minimized. And the number is FFS if S-SSB transmission on FR2 is necessary. [7]
· The number of S-SSB transmissions per period can be one and more than one, at least depending on the frequency range. [8]
· One or multiple S-SSB is transmitted within a period depends on whether beamforming is supported. [10]
· More S-SSB transmitted in a period should be supported for NR V2X. The details are FFS. [16]
· Support multiple S-SSB transmission within a S-SSB period. [19]
· Multiple SLSS/PSBCH blocks(S-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.,[21]
· NR V2X S-SSB structure, such as number of S-SSBs within a burst and the period of S-SSB burst, need be further studied for very low latency V2X use cases. [24]

Periodicity of S-SSB transmission
In [3] [18] [19], companies supported multiple periodicity values of S-SSB should be supported and they are configurable. 
The detailed proposals from companies are listed in below:
· A set of S-SSB periodicity values for adaptation and indication should be considered. [3]
· If multiple beam operation is supported for S-SSB, multiple periodicities of S-SSB should be considered.  [3]
· NR V2X should support periodic SL-SSB structure at least FR2. [15]
· A longer default periodicity with configurable periodicity according to synchronization signal coverage could be defined. [18]
· Periodicity of S-SSB burst set and the number of S-SSBs within S-SSB burst set should be configurable. [19]

Differentiating NR V2X S-SSB from NR Uu SSB
In [3] [5] [11] [15] [22], companies proposed that S-SSB should be designed to have a lower correlation with NR SSB and they can be differentiated with each other by FDM, TDM, S-SSB pattern, SS sequence or cyclic shifts. 
The detailed proposals from companies are listed in below:
· S-SSB should be designed to have a lower correlation with NR SSB using different frequency position, or different S-SSB pattern, or reuse the NR SS sequence design with unused cyclic shifts.[3]
· NR SLSS/PSBCH should have a lower correlation with the SSB for Uu link.[11]
· NR V2X should investigate a multiplexing scheme between DL-SSB and SL-SSB, including TDM, FDM or FDM with time-domain offset. [15]
· The center frequency for the SLSS/PSBCH transmissions can be different from the centre frequency of the NR sidelink carrier and (pre)-configured [5]
· To avoid the confusion from NR Uu device perspective, the NR-V2X sidelink synchronisation signal design could be adjusted compared to NR Uu design in sequence domain or in frequency domain. [22]

Beam sweeping of S-SSB
In [3] [6], companies proposed that beam sweeping or repetition should be supported for S-SSB. In [11], it is claimed that beam sweeping and beam identification of S-SSB is not considered at least in FR1.
The detailed proposals from companies are listed in below:
· Study whether there is a need to perform beam sweeping in each resource pool. And at least one resource pool should be preserved for beam sweeping. [3]
· S-SSB beam sweeping or repetition should be supported to enlarge the coverage range of S-SSB.[6]
· Beam sweeping and beam identification of SLSS/PSBCH is not considered at least in FR1. [11]

S-SSB burst set
· For multiple S-SSB transmissions in a period(S-SSB burst composition), NR DL SSB burst set composition is starting point with S-SSB burst window length and S-SSB burst window offset. [21]

Others
The detailed proposals from companies are listed in below:
· There is at least an initial resource pool defined for the purposes of multi-beam operation, initial communication for a limited set of service, interference coordination and fallback operation. [3]
· If multiple beam operation is supported for S-SSB, the following issues need to be addressed: [3]
· How to identify S-SSB from different UEs
· How to derive beam pair from detected S-SSB
· If multiple beam operation is not supported for S-SSB, the following issues need to be addressed: [3]
· Study other RS or signal that can be used for identifying different transmitting UEs
· Study other RS or signal that can be used for beam measurement
· Study the performance and complexity of introducing other RS for beam operation






Proposals for offline consensus: 
Proposal : The aspects to be considered in the NR V2X S-SSB design are as follows,
· Common S-SSB structure  for FR1 and FR2
· Minimum bandwidth for each band
· Scalability with the SCS
· DMRS
· AGC
· S-SSB burst structure 
· Beamformed or repetition of S-SSB


Proposal 9: Transmission of multiple S-SSB in a period for NR V2X is supported.  The maximum number of S-SSB transmissions per period is same as that of NR Uu for FR1 and FR2.

Issue 7: Design principles
In [6] and [25], the design principles of NR V2X synchronization mechanism are proposed. 
The detailed proposals from companies are listed in below:
· Design principles include initial sidelink synchronization time reduction, improved sidelink synchronization accuracy and reduced sidelink synchronization complexity. [5]
· The design of NR V2X synchronization mechanism needs to take into consideration of the targets to achieve, UE complexity, tracking of multiple synchronization references and uniform synchronization procedure for FR1/FR2. [6]
· Synchronization procedure should follow a uniform design in terms of supporting single or multi-beam operation. [25]

Proposal for offline consensus: 
Proposal : The design of NR V2X synchronization mechanism needs to take into consideration of the targets to achieve, UE complexity, tracking of multiple synchronization references and Compatibility of FR1 and FR2.



Issue 8: PSBCH contents
In this section, several aspects of PSBCH contents are discussed, including functionalities of PSBCH [25], the information contained by PSBCH [3] [4] [6] [8] [10] [19] and the payload size of PSBCH [6]. 

Functionalities of PSBCH
· PSBCH is introduced in NR SL to provide the following functionalities: [25]
· [bookmark: _Toc525734368][bookmark: _Toc528932207][bookmark: _Toc528942432][bookmark: _Toc528942446][bookmark: _Toc528942574][bookmark: _Toc528942597][bookmark: _Toc528952105]Allow UEs to synchronize to each other in absence of higher-priority references.
· [bookmark: _Toc525734369][bookmark: _Toc528932208][bookmark: _Toc528942433][bookmark: _Toc528942447][bookmark: _Toc528942575][bookmark: _Toc528942598][bookmark: _Toc528952106]Allow the NW to propagate system information for protection of cellular users.  
· [bookmark: _Toc525734370][bookmark: _Toc528932209][bookmark: _Toc528942434][bookmark: _Toc528942448][bookmark: _Toc528942576][bookmark: _Toc528942599][bookmark: _Toc528952107]Allow the NW to indirectly provide UEs basic system configuration parameters.

The information contained by PSBCH
In [6] [8] [10] [19], companies proposed that TDD UL/DL configuration or SFI information should be included in PSBCH.
The detailed proposals from companies are listed in below:
· PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS. [6]
· [bookmark: _GoBack]The common UL/DL TDD configuration can be contained in NR-based PSBCH. Other solutions to indicate UL/DL TDD configuration without relying on PSBCH can also be considered.[8]
· The cell-specific slot format configuration of network should be included in PSBCH for NR-V2X.[10]
· Study how to indicate TDD UL-DL configuration in NR PSBCH with reasonable overhead.[19]
· If multiple beam operation is not supported for S-SSB, study the information conveyed by S-SSB: [3]
· S-SSB carries all essential information for timing
· S-SSB carries at least a part of essential information for other RS, e.g., its association with the RS for beam operation, in addition to the timing information
· SFN is carried in MIB whereas fixed and unique location for S-SSB in a subframe is used to derive the slot/subframe information implicitly. [4]
· Initial SL BWP configuration is carried in PSBCH and details are FFS. [4]
· The inCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification. [4]
· The resource location of the S-SSB should be indicated in PSBCH.[8]

The payload size of PSBCH
In [6], it is proposed that the payload size of NR V2X PSBCH is no more than 56 bits, such that the NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, in order to reduce the standardization effort.
· The payload size of NR V2X PSBCH is no more than 56 bits, such that the NR V2X PSBCH channel coding can reuse the channel coding of NR PBCH, which includes the following, [6]
· Polar code
· CRC length
· Payload interleaver pattern

Others
· The design of PSBCH allows for correct operation when different UEs transmit different fields of information. [25]

Proposal for offline consensus: 
Proposal 10: The payload size of NR V2X PSBCH should be no more than 56 bits such that the NR V2X PSBCH channel coding and payload interleaver pattern can reuse the channel coding of NR PBCH to reduce the standardization effort.
Proposal 11: PSBCH for NR V2X at least should include SFI information. Other contents of PSBCH for NR V2X are FFS.

Issue 9: Synchronization sources
In this section, several aspects of synchronization sources are discussed, including whether supporting LTE UE can be included as the NR V2X synchronization sources [5][6][7][18][19][22][23][25], new type of synchronization sources[5] [7] [9] [17] [21] and priority and selection of the synchronization sources [2][3][4][5][7][11][16][17][19][22][23][25]. 

Supporting LTE UE can be included as the NR V2X synchronization sources
In [6] [18] [22] [23], companies proposed that supporting LTE UE can be included as the NR V2X synchronization sources.
The detailed proposals from companies are listed in below:
· It is suggested that LTE UE should be also included as synchronization sources in order to expand the coverage range, but with lowest priority. [6]
· NR V2x communication can select LTE V2x synchronization source as the NR V2x synchronization source. [18]
· LTE UE could be used as a synchronization source at least in the dedicated carrier when GNSS timing is preferred and the NR sidelink UE cannot receive GNSS or synchronization signals from some other NR sidelink UE synchronized to GNSS. [22]
· Consider LTE UE, RSU and platoon manager/members as distinct synchronization source types for NR V2X sidelink. [23]

Do not Supporting LTE UE can be included as the NR V2X synchronization sources
In [5][19], companies proposed that do not supporting LTE UE can be included as the NR V2X synchronization sources.
The detailed proposals from companies are listed in below:
· Do not support LTE UE as a synchronization source for NR V2X communication. [5]
· Do not support LTE UE as synchronization source unless sufficient benefit is shown. [19]

FFS if LTE UE can be included as the NR V2X synchronization sources
In [7][25], companies proposed that FFS if LTE UE can be included as the NR V2X synchronization sources.
The detailed proposals from companies are listed in below:
· FFS if LTE UE can be used as sync source for NR sidelink;[7]
· Support of LTE UE as a synchronization source is down-prioritized. [25]

New type of Synchronization sources 
The detailed proposals from companies are listed in below:
· Add new UE type of stationary synchronization sources (e.g. RSU) for sidelink synchronization. [5]
· NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink;[7]
· Study to use the group leader as unified synchronization reference source for sidelink synchronization of group member UEs.  Group member UEs will always take group leader as the highest synchronization priority when it is inside the group.[9]
· New synchronization sources are considered for SyncRef selection methods and procedures in NR V2X. [17]
· Both LTE and NR cell can provide the synchronization information via system information to a NR V2X UE. [21]

Priority and selection of the synchronization sources
In [3] [7] [11] [16], companies proposed that LTE V2X synchronization source selection mechanism can be a starting point for NR V2X. In [3] [5], companies claimed that gNB and eNB have the same priority. In [5], it is proposed that priority rules for sidelink sync source selection are based on type of original synchronization source / reference, sync hop information and stationary of sync source.
The detailed proposals from companies are listed in below:
· The following aspects should be considered further: [2]
· In-coverage UEs:
· How to determine the synchronization source when both eNB and gNB can be detected.
· How to determine DFN/subframe/slot number when considering different numerologies will be used in the sidelink.
· How to treat the timing difference between eNB and gNB.
· In-coverage and out-of-coverage UEs:
· Indication of the synchronization source type and number of hops through the S-SSB and/or the PSBCH. 
· Reuse LTE synchronization source selection mechanism for NR sidelink with proper simplicities, which are as follows: [3]
· gNB and eNB are treated with same priority
· Avoid reading MIB when selecting sync source
· The priority rules of synchronization sources are defined based on the availability of the serving cell. [4]
· For UE with a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Case 1-1 and Case 1-2. [4]
· UEs directly synced to GNSS/cell have the higher priority than UEs indirectly synced to them.  [4]
· For UE without a serving cell, NR supports indication of sync priority as GNSS or cell with the corresponding priority rules listed in Table 1. [4]
· eNBs and gNBs have equal priority in terms of sidelink synchronization reference [5]
· Up to UE implementation which reference (eNB or gNB) to use for NR or LTE sidelink synchronization
· Priority rules for sidelink sync source selection are based on three types of information essential for sidelink synchronization accuracy: [5]
· Type of original synchronization source / reference
· Sync hop information
· Stationarity of sync source
· In case of equal priority, RSRP is used as a tie breaking criteria  [5]
· Reuse following principles as LTE V2X for sync source selection in NR V2X: [7]
· Prioritize sync source that can provide common time/frequency reference;
· Prioritize sync source that can provide accurate time/frequency reference;
· Prioritize sync source that can minimize impact to Uu operation;
· Rel. 14/15 V2X synchronization procedures can be considered as a starting point for the NR standalone synchronization mode. This includes [11]
· Selection of synchronization reference considering the priority of GNSS, base station, and UE
· Relaying of synchronization reference by transmitting S-SSB
· SFN of S-SSB from the UEs having the same synchronization reference
· In unicast and groupcast, the SLSS of a specific UE can have a higher priority. [11]
· For NR V2X synchronization procedure,  RAN1 down-selects one of the following scenarios: [14]
· Scenario 1: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are not distinguishable.
· Scenario 2: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are distinguishable.
· For the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization source priority in Rel-14 LTE V2X can be reused in NR V2X. In other words, we just replace eNB by gNB in the agreements related to synchronization source priority in Rel-14 LTE V2X. [16]
· For the scenario that eNB & gNB coexistence around the NR V2X UEs, a synchronization source indicator pre-configured by gNB should be considered to identify the synchronization source priority order among eNB, gNB and GNSS if the NR V2X UEs can detect a gNB in a carrier. [16]
· New use cases are studied for sidelink synchronization procedures in NR V2X. Priority and measurement should be jointly considered for platoon sidelink synchronization. [17]
· Hop number can be considered for sidelink synchronization in NR V2X. [17]
· Group based synchronization source configuration should be studied. [19]
· In the dedicated NR sidelink carriers GNSS based timing is preferred. [22]
· In the shared carrier, gNB based timing is the highest priority synchronization source for sidelink transmissions. Study further how to support sidelink in the shared carrier when gNBs in the network are unsynchronized. [22]
· In the shared carrier when network timing is preferred and gNBs and eNBs are synchronized, eNB can be used as the synchronization source if eNBs and gNBs are collocated. If eNB is not collocated with gNB timing error due to propagation delay can be a problem. [22]
· Synchronization source selection and prioritization mechanism needs to be studied for NR V2X to ensure prioritization of sync sources that provide common timing to UEs belonging to a platoon. [23]
· Consider tracking of multiple synchronization references for NR V2X UE. [23]
· The synchronization procedure follows the following principles: [25]
· UEs propagate their synchronization reference through SLSS.
· UEs continuously attempt to synchronize to higher-priority synchronization sources.
· By searching for other SLSS transmissions.
· By searching for other signals (e.g., GNSS, PSS/SSS/PBCH).

Others
The detailed proposals from companies are listed in below:
· Once a NR V2X UE detects S-SSB, it can recognize the associated synchronization source as one from eNB, gNB and GNSS. [8]
· NR V2X to consider support feedback to the sync (relay) sources from the associated UEs indicating the need for the sync (relay) sources. [13]
· NR V2X to consider support synchronization group/source dynamic merging and consolidation.[13]
· Sidelink transmissions including PSCCH, PSSCH, PSBCH and SLSS are supported also in the case when external synchronization sources are not available. [22]
· Study the need to support differentiation of UE and/or network source types at NR V2X UE. [23]
· The SLSS transmitted by UEs identify the origin of the synchronization reference and allow for deriving the associated priority. [25]

Proposal for offline consensus: 
Proposal 12: The gNB has higher priority than eNB as the synchronization source for NR V2X 

Issue 10: Synchronization procedures
In this section, several aspects of synchronization procedures are discussed, including synchronization between NR sidelink and LTE sidelink [6] [11], resource configuration for S-SSB transmission [2] [5] [8] [9] [10] [11] [18] [19] [24], NR-V2X carrier aggregation [10] [14] [16], synchronization enhancements [5] [11] [20]. 

Synchronization between NR sidelink and LTE sidelink
In [6], it is proposed that the timing between LTE Sidelink and NR Sidelink needs to be aligned for both FDM solution and TDM solution.
The detailed proposals from companies are listed in below:
· For both FDM solution and TDM solution, the timing between LTE Sidelink and NR Sidelink needs to be aligned for LTE-NR dual mode V2X. [6]
· In a LTE-NR synchronized mode, S-SSB is not transmitted in NR carrier, as it can be assumed that neighboring UEs are operating basic safety with LTE V2X. [11]

Resource configuration for S-SSB transmission
In [5] [8] [9] [11] [19] [24], companies proposed that time and frequency resource configuration for S-SSB transmission. In [5] [8] [9], companies proposed that both TDM and FDM for S-SSB transmissions from different source types or UEs can be considered. In [11], it is proposed that network can indicate the frequency resource in which the SLSS/PSBCH can be transmitted to reduce UE complexity. In [19], it is claimed that support to multiplex NR S-SSB and PSCCH/PSSCH in a single slot in TDMed and/or FDMed manner. 
In [2], it is proposed that S-SSB transmission can be network configured or UE triggered. In [10], it is proposed that the same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. 
In [9] [18], companies discussed the raster issue for S-SSB, and proposals includes S-SSB should be transmitted on off-raster [9] and coarser sync-raster could be considered for S-SSB [18].
The detailed proposals from companies are listed in below:
· NR-V2X synchronization supports: [2]
· Network configured transmission of synchronization; and 
· UE triggered transmission of synchronization with triggering condition FFS. 
· Single sidelink synchronization resource in time is configured for SLSS/PSBCH transmission by all UEs [5]
· Specific instances for SLSS/PSBCH transmission within sidelink synchronization resource are associated with the type of sync reference UE (e.g. (in)-directly synchronized to GNSS, eNB/gNB, ISS) [5]
· Time multiplexing of SLSS/PSBCH transmissions from different sync source types is determined by pre-defined rules for transmission within sidelink synchronization resource
· SLSS/PSBCH transmissions from different source types can be multiplexed in frequency on the same synchronization resource in time [5]
· SLSS/PSBCH transmission on a given time-frequency sidelink synchronization resource is determined by type of UE synchronization reference [5]
· Multiple sets of synchronization resources in a synchronization resource period should be considered. TDM of synchronization resources should be supported. [8]
· Study the synchronization resource configuration for NR sidelink SSB including frequency domain and time domain resources. [9]
· Sidelink SSB should be transmitted on off-raster in frequency domain
· The same synchronization resource configuration as LTE-V2X can be applied to NR-V2X. [10]
· Network can indicate the frequency resource in which the SLSS/PSBCH can be transmitted to reduce UE complexity. [11]
· Coarser sync-raster could be considered for S-SSB in V2x. [18]
· Support to multiplex NR S-SSB and PSCCH/PSSCH in a single slot in TDMed and/or FDMed manner. [19]
· NR should study SL SS/PBCH resource allocation methods especially when sharing the carrier with the Uu interface. [24]

NR-V2X carrier aggregation
In [10] [14] [16], companies proposed that the following issues need to be considered for NR-V2X carrier aggregation:
· Whether EN-DC, NE-DC or NN-DC needs to be considered
· How to transmit SLSS on aggregated carriers
· TX capability limitation
· How to select synchronization carrier
And in [16], it is proposed that the agreements related to synchronization carrier selection in Rel-15 3GPP V2X phase 2 can be reused in NR V2X.
The detailed proposals from companies are listed in below:
· For NR-V2X carrier aggregation, the following issues needs to be addressed. [10]
· Whether NR SL and LTE SL can be aggregated together?
· How to transmit SLSS on aggregated carriers.
· Whether TX capability limitation needs to be considered in SLSS transmission in case of carrier aggregation.
· RAN1 determines whether EN-DC, NE-DC or NN-DC operation needs to be considered for NR V2X synchronization operation. [14]
· For mode 4 carrier aggregation at the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization carrier selection in Rel-15 3GPP V2X phase 2 can be reused in NR V2X. [16]
· For the scenario that eNB & gNB coexistence around the NR V2X UEs, the agreements related to synchronization carrier selection in Rel-15 3GPP V2X phase 2 also can be reused in NR V2X [16]

Synchronization enhancements
In [5] [11] [20], companies proposed several synchronization enhancement schemes:
· Data-aided synchronization [5]
· Multi-cluster synchronization signal searching / tracking [11]
· Reduced complexity synchronization procedure [20]
· Non-SLSS based synchronization enhancements [20]
The detailed proposals from companies are listed in below:
· Support data-aided synchronization for NR-V2X sidelink communication [5]
· UE can transmit additional known signal together with PSCCH and PSSCH transmissions for the purpose of sidelink synchronization (e.g. DMRS or other known reference signals)
· Multi-cluster synchronization signal searching / tracking can be introduced for seamless communication and inter-cell sidleink in NR V2X. [11]
· Introduce reduced complexity synchronization procedure for NR V2X to address the scenario wherein the UE was synchronized to GNSS/eNB/gNB/SyncRef UE at a prior time and has not drifted significantly (e.g. can still receive packets from other synchronized UEs). [20]
· Introduce non-SLSS based synchronization enhancements. [20]
· Support UE transmitting its GNSS coverage state in the MAC header of its transmission to enable non-SLSS based synchronization. [20]

Others
The detailed proposals from companies are listed in below:
· In FR2, FR1 timing can be used. If timing adjustment is necessary due to shortened CP in FR2, timing adjustment information can be conveyed via FR1 control signaling. [11]
· Local manager (scheduling UE) to broadcast a special SSB to identify itself to neighbour UEs. By receiving the SSB, UE can identify whether it’s from a local manager or regular UE. [12]

Proposal for offline consensus: 
Proposal 13: For both FDM solution and TDM solution, the LTE Sidelink and NR Sidelink needs to be fully synchronized for LTE-NR dual mode V2X UE.
·  
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