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1 Introduction

This contribution will discuss remaining details and open issues for NR V2X synchronization including S-SSB design and synchronization procedure as follows:
S-SSB design

· S-SSB structure

· Transmission bandwidth of S-SSB

· Number of sidelink synchronization IDs

· Numerology of S-SSB
· Sequence design of sidelink synchronization signals

· PSBCH payload size
Synchronization procedure

· Synchronization source
· Synchronization source (re-)selection mechanism
· Synchronization between LTE sidelink and NR sidelink
2 S-SSB Design
In RAN1#94bis, the following were agreed regarding the design of S-SSB [1]: 
	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




This section discusses remaining details and open issues for S-SSB design.
2.1 S-SSB structure

In RAN1 #94bis, it was agreed that S-SSB uses NR Rel-15 SSB structure as the starting point, i.e., using a block format to multiplex sidelink synchronization signals and PSBCH, and S-SSB is periodically transmitted with the number of S-SSBs within a period for further study. 

At least for FR1, there is no clear motivation to support beam-sweeping transmission of S-SSBs by vehicles, although it is still valuable for vehicles in a small geographic range to transmit S-SSBs in different time instance in order to avoid interference from each other. Hence, it is still preferable to predefine multiple S-SSB locations for transmission within a period, but one TX only has single S-SSB to transmit in a period, i.e., single S-SSB with configurable time-domain location within a period. 

The design of S-SSB structure shall be reused for FR2 as well to strive for a unified design for NR V2X, and the detailed message carried by PSBCH could be potentially different to address the features exclusive for the carrier frequencies.  

Proposal 1: RAN1 shall strive for a unified S-SSB block structure for FR1 and FR2. For FR1, single S-SSB with configurable time-domain location within a period shall be supported. 

2.2 Transmission bandwidth of S-SSB

In the last meeting, the transmission bandwidth of S-SSB was discussed, and the particular value is to be down-selected from 20 PRBs (i.e., same as NR Rel-15), 24 PRBs, or other possible values if any figured out in the process of study. 

The determination of transmission bandwidth of S-SSB shall be closely related to the synchronization raster design and channel raster design in RAN4. If the channelization of sidelink follows the same principle as NR Rel-15, there is an upper bound on the synchronization raster interval given by 

synchronization raster interval ≤ channel bandwidth – SSB transmission bandwidth + channel raster interval.

Hence, whether the S-SSB can use the transmission bandwidth of 24 PRBs is highly dependent on the channel raster design in RAN4. For example, if following the same channel raster design of 15 kHz interval as in NR Rel-15, for the bands with the channel bandwidth as small as 24 PRBs (e.g. 10 MHz BW with 30 kHz SCS), the synchronization raster interval shall be at most 15 kHz, which is not preferable from the perspective of searching complexity, and this is exactly the reason of reducing SSB transmission bandwidth to 20 PRBs in NR Rel-15. 

However, if the synchronization raster and channel raster design can be essentially different from NR Rel-15, the transmission bandwidth can be determined as 24 PRBs in RAN1 to achieve better detection performance. To summarize, in order to avoid duplicating the discussion as in NR Rel-15 and progress the S-SSB design in RAN1, it would be more efficient for RAN1 to send an LS to RAN4, asking the synchronization raster and channel raster design for sidelink, at least in a high level.   

Proposal 2: RAN1 shall send an LS to RAN4 to inquire the synchronization raster and channel raster for sidelink, then decides the transmission bandwidth of S-SSB. 

2.3 Number of sidelink synchronization IDs

In NR Rel-15, the number of cell IDs is doubled from LTE due to much denser implementation requirement. With the same reason, the number of sidelink synchronization IDs in NR V2X shall be increased from LTE V2X considering the following aspects:  NR V2X can be operated in FR2 where a hybrid beamforming-architecture is used for overcoming a limited coverage. Different from gNB, it may be impossible for NR V2X UE to provide a large beamforming gain due to lack of space. So, it is expected that the coverage of sidelink synchronization signal in FR2 is reduced, resulting to the fact that more NR V2X UEs can be seen at a given time. Also, in NR V2X, the number of synchronization sources is increased from LTE V2X because not only gNB but also eNB are included in synchronization sources. So, more cells will be detected by NR V2X UE and more synchronization IDs are needed for distinguishing the gNB and eNB cells. Moreover, some UEs synchronized to eNB can transmit S-SSB and other UEs synchronized to gNB can also transmit S-SSB. In such a case, it is beneficial to distinguish the S-SSBs from UEs synchronized to gNB and from UEs synchronized to eNB (details in Section 3.1 of this contribution). Having said that, the total number of sidelink synchronization IDs in NR V2X shall be larger than 336 which is defined for LTE V2X but it shall be less than 1008 which is defined for NR Rel-15, considering NR V2X UE’s synchronization complexity.

Proposal 3: NR V2X shall support X sidelink synchronization IDs where X is larger than 336 and smaller than 1008, e.g. X=504. 

2.4 Numerology of S-SSB

In RAN1 #95, it was agreed that only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using sidelink, and the candidate combinations of {CP length, SCS} include {normal CP, 15 kHz}, {normal CP, 30 kHz}, {normal CP, 60 kHz}, and {extended CP, 60 kHz}, as well as {extended CP, 30 kHz} to be further studied. 

For S-SSB, extended CP is not needed for NR V2X use cases, which is align with the design in NR Rel-15 such that the implementation and specification work could be simplified.

Proposal 4: Extended CP is not supported for S-SSB. 

2.5 Sequence design of synchronization signals

NR Rel-15 SSB targets to support the time/frequency synchronization and cell search of 1008 cells with up to 4 combinations of synchronization signals in SSB. However, for NR V2X, the time/frequency synchronization and synchronization ID acquisition shall be completed using one-shot detection due to the latency requirement. Hence, enhancement to NR Rel-15 SSB shall be studied for NR V2X to achieve at least 90% accuracy at -6 dB SNR, addressing the use case of much higher moving speed at the same time. 

In order to minimize the changes to Rel-15 NR, NR V2X shall strive to reuse the sequences specified in Rel-15 NR SS/PBCH block to the maximum extent. Since the number of synchronization IDs is proposed to be smaller than NR Rel-15, the method for generating NR Rel-15 SSS sequences (including the polynomial of generator and initial condition) can be reused for S-SSS, and detailed design of the mapping of synchronization ID to cyclic shifts can be further discussed after the number of synchronization ID is determined.  

Proposal 5: The number of sequences for S-SSS is same as the number of sidelink synchronization IDs, and the sequences for generating S-SSS can reuse the polynomial of generator and initial condition of NR Rel-15 SSS.  

S-PSS could be at least used for time/frequency synchronization, as in NR Rel-15, however, considering the complexity on the detection of S-PSS (e.g. contributing a dominant percentage of complexity in synchronization), it is beneficial to support single sequence for S-PSS. 

Proposal 6: The number of sequence for S-PSS is 1. 

Unlike S-SSS, the sequence for generating S-PSS shall be strived for being orthogonal with NR Rel-15 PSS and SSS, such that the ambiguity of time/frequency synchronization could be minimized. For this purpose, the sequence design of S-PSS shall be evaluated to achieve minimized cross-correlation with NR Rel-15 PSS and SSS, and at least the two following alternatives are identified and shall be further evaluated in the WI phase: Alternative 1: Using the same polynomial of generator as in NR Rel-15 PSS and different cyclic shift. Alternative 2: Using a different polynomial of generator from NR Rel-15 PSS.

Proposal 7: The sequence of S-PSS shall to be designed to have low cross-correlation with the sequences of NR Rel-15 PSS and SSS, and the following alternatives are identified and can be further discussed when specifications are developed. 

· Alt 1: Using the same polynomial of generator as in NR Rel-15 PSS and different cyclic shift. 

· Alt 2: Using a different polynomial of generator from NR Rel-15 PSS.
2.6 PSBCH payload size
As analyzed above, NR V2X shall target for one-shot detection of S-SSB, including the synchronization signals and PSBCH. 

In NR Rel-15, the payload size of PBCH is 56 bits, and 48 RBs are allocated for the transmission of PBCH with 1/4 density of DMRS multiplexed. Hence, the coding rate of NR Rel-15 PBCH is 56/(48×3/4×12×2) = 0.065. Note that the decoding of NR Rel-15 PBCH targets for up to 4 combinations to achieve 1% accuracy at -6 dB SNR, and it was reported in NR Rel-15 that 2 or 3 combinations could typically achieve the target already. Hence, for NR V2X, the maximum target coding rate for PSBCH shall be around 0.02 to 0.03, and could be required to be even lower considering higher requirement on the channel estimation performance in the high speed scenario supported in NR V2X.  
Proposal 8: NR V2X shall target for one-shot decoding of PSBCH and the coding rate shall target for around 0.02 to 0.03. 

3 Synchronization Procedure
The following have been agreed [1], [2]: 
	[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 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
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:
· 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




This section discusses remaining details and open issues for synchronization procedure.

3.1 Synchronization source
On LTE-UE as the synchronization source

It has been agreed that at least GNSS, gNB, eNB and NR V2X UE are supported as the synchronization source for NR V2X and whether or not to support LTE V2X UE is still FFS. It was argued that using LTE-UE as the synchronization source is beneficial in terms of increasing NR sidelink coverage. However, it is unclear that how many UEs can take this benefit at the cost of NR V2X UE complexity. In LTE V2X, SLSS transmission and/or reception is a UE capability. Even though NR UE sidelink capabilities will be discussed later, since only NR V2X UEs implementing a dual modem can transmit LTE SLSS, it is quite sure that transmission and/or reception of LTE SLSS will be an NR V2X UE capability. So, a portion of NR V2X UEs can receive LTE SLSS transmitted from some of LTE V2X UEs. It means that NR V2X UEs taking the benefit of the enhanced coverage will be very limited. In addition, NR V2X supports more synchronization sources than LTE V2X such as GNSS, gNB, eNB and NR V2X UE, and these synchronization sources can cover all the scenarios for NR V2X synchronization, i.e., in-coverage, partial coverage and out-of-coverage scenarios. So, the case where NR V2X UE has to be synchronized with SLSS transmitted from LTE V2X UE will be very rarely.
On new type of synchronization sources
It was proposed that a new type of synchronization sources needs to be introduced for NR V2X synchronization such as a stationary RSU or a group leader. The motivation was that the stationary RSU is fixed and it can play a role as a stable synchronization reference. However, depending on RSU implementation, there would be two types of RSUs; one is a UE-type RSU (NR UE-type RSU) and the other is a base station-type RSU (gNB/eNB-type RSU). It means that from the NR V2X receiver’s perspective, such RSUs can be seen as either NR UE or gNB/eNB and the receiver can select a proper synchronization source based on a prioritization rule specified for synchronization source selection/re-selection. So, the stationary RSU doesn’t need to be regarded as a new type of synchronization source. On the other hand, it was argued that a group leader has to provide synchronization reference with group members and group member UEs should take the group leader as the highest synchronization priority when it is inside the group. However, there is no reason to mandate that only group leader provides synchronization reference within its group, i.e., anyone of group members can be a synchronization source as long as he/she is synchronized to GNSS, gNB, eNB or NR UE according to a prioritization rule specified for synchronization source selection/re-selection.
Proposal 9: Any other synchronization sources than GNSS, gNB, eNB and NR V2X UE is not introduced. 

3.2 Synchronization source (re-)selection
In LTE V2X, GNSS, eNB and LTE V2X UE provide a reference timing and they can serve complementary one to the other depending on UE’s location and status. For example, there may be a case where a vehicle does not have reliable GNSS timing because it is located in the basement or in a tunnel. In such a case, LTE V2X UE can obtain the timing reference from an eNB or another LTE V2X UE. On the other hand, it is impossible to use eNB’s timing in case where vehicles are located in off-network and for this scenario, LTE V2X UE can perform the synchronization based on GNSS timing or another V2X UE timing. This selection is performed based on a priority rule and this mechanism can be a starting point for NR V2X.
Proposal 10: Synchronization source selection mechanism in LTE V2X is a starting point for NR V2X. 

Since it was agreed to support eNB as the synchronization source, how to reflect it into NR V2X synchronization mechanism needs to be studied. Assuming that GNSS is not available or not reliable, when a UE detects either eNB or gNB, the UE can be synchronized to the detected one. However, there would be a scenario where UE detects both eNB and gNB and this scenario can be categorized into the following: 1) eNB and gNB coexist without dual-connectivity and 2) eNB and gNB coexist with dual-connectivity. For these cases, which synchronization source is selected by the UE should be discussed.

1) eNB and gNB coexist without dual-connectivity

As shown in Figure 1, it is possible that UE-1 is synchronized to eNB (i.e., UE-1 follows eNB timing) and UE-2 is synchronized to gNB. Moreover, UE-3 or UE-4 can receive two S-SSBs; one from the UE-1 and the other from the UE-2. Then, depending on whether or not these two S-SSBs are distinguishable at the UE-3 and UE-4, different UE behaviors are expected as follows:
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Figure 1: An example of S-SSB transmission and reception where one UE follows eNB timing and the other UE follows gNB timing

· Scenario 1: S-SSB from UE-1 and S-SSB from UE-2 are not distinguishable at UE-3 or UE-4.

· In this scenario, two S-SSBs can have the same priority level and UE-3 (or UE-4) selects the S-SSB transmitted from the UE with the highest S-RSRP result assuming that S-RSRP results of these two S-SSBs fulfill a synchronization source selection criterion. Since eNB and gNB are equally treated, this scenario will not much impact NR V2X synchronization procedure. However, Scenario 1 has the following issues:

· As shown in Figure 1, it is assumed that UE-3 is much closer to UE-1 than UE-2 but UE-4 is much closer to UE-2 than UE-1. So, in this example, UE-3 will select the S-SSB transmitted from UE-1 (i.e., S-SSB-1) and UE-4 will select the S-SSB transmitted from UE-2 (i.e., S-SSB-2). Since UE-3 and UE-4 follow different reference timing, a discontinuity can occur when they communicate with each other. 

· It can be argued that this problem has been existed since LTE-V2X and it is nothing new. However, this problem becomes more severe in NR V2X due to unicast and groupcast communication with a feedback mechanism. So, NR V2X needs to resolve this problem.

· Scenario 2: S-SSB from UE-1 and S-SSB from UE-2 are distinguishable at UE-3 or UE-4.

· In Scenario 2, two S-SSBs can have a different priority level and UE-3 or UE-4 can select one of the two S-SSBs based on the priority level. For example, assuming that eNB is prioritized over gNB, both UE-3 and UE-4 can be synchronized to UE-1 and the discontinuity problem mentioned in Scenario 1 are resolved, because UE-3 and UE-4 follow the same reference timing. However, if Scenario 2 is selected for NR V2X, at least the following should be studied further: a) How to distinguish between S-SSB-1 and S-SSB-2, b) whether the priority level is (pre-)configurable or not, and c) what the priority rule is considering other synchronization reference sources such as GNSS and NR UE.

2) eNB and gNB coexist with dual-connectivity

It has not been discussed whether or not DC environment such as EN-DC, NE-DC or NN-DC has to be considered for NR V2X operation. Since it was agreed to support eNB as the synchronization source, V2X operation under EN-DC or NE-DC environment will be encountered. It can be argued that LTE V2X synchronization procedure does not take into account LTE DC operation and there is no strong motivation to discuss it for NR V2X synchronization. However, it should be noted that NR operating in higher frequency bands than LTE has a limited coverage and it is highly possible to have dual connectivity, i.e., EN-DC at the initial NR deployment stage. For example, as shown in Figure 2, it is possible that UE-1 is within eNB coverage and UE-2 is within gNB coverage as well as eNB coverage. Then the question is what should be the synchronization source of the UE-2. 
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Figure 2: An example of S-SSB transmission in an EN-DC scenario
On the other hand, assuming that UE-1 and UE-2 follow eNB timing and gNB timing, respectively, UE-3 can receive two S-SSBs; S-SSB-1from the UE-1and S-SSB-2 from the UE-2. Then, similar to the case shown in Figure 1, different synchronization mechanisms are expected depending on whether or not the two S-SSBs are distinguishable at UE-3. So, as provided in Proposal 10, RAN1 has to down-select one of the two scenarios.

Proposal 11: For NR V2X synchronization procedure,  RAN1 down-selects one of the following scenarios: 

· 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.
Proposal 12: RAN1 determines whether EN-DC, NE-DC or NN-DC operation needs to be considered for NR V2X synchronization operation.
4 Conclusion

In this contribution, we have discussed synchronization mechanism for NR V2X including synchronization channel design and synchronization procedure. The following proposals have been provided:

S-SSB design

Proposal 1: RAN1 shall strive for a unified S-SSB block structure for FR1 and FR2. For FR1, single S-SSB with configurable time-domain location within a period shall be supported.
Proposal 2: RAN1 shall send an LS to RAN4 to inquire the synchronization raster and channel raster for sidelink, then decides the transmission bandwidth of S-SSB. 

Proposal 3: NR V2X shall support X sidelink synchronization IDs where X is larger than 336 and smaller than 1008, e.g. X=504. 

Proposal 4: Extended CP is not supported for S-SSB. 

Proposal 5: The number of sequences for S-SSS is same as the number of sidelink synchronization IDs, and the sequences for generating S-SSS can reuse the polynomial of generator and initial condition of NR Rel-15 SSS.
Proposal 6: The number of sequence for S-PSS is 1. 

Proposal 7: The sequence of S-PSS shall to be designed to have low cross-correlation with the sequences of NR Rel-15 PSS and SSS, and the following alternatives are identified and can be further discussed when specifications are developed. 

· Alt 1: Using the same polynomial of generator as in NR Rel-15 PSS and different cyclic shift. 

· Alt 2: Using a different polynomial of generator from NR Rel-15 PSS.

Proposal 8: NR V2X shall target for one-shot decoding of PSBCH and the coding rate shall target for around 0.02 to 0.03. 

Synchronization procedure

Proposal 9: Any other synchronization sources than GNSS, gNB, eNB and NR V2X UE is not introduced. 

Proposal 10: Synchronization source selection mechanism in LTE V2X is a starting point for NR V2X. 

Proposal 11: For NR V2X synchronization procedure,  RAN1 down-selects one of the following scenarios: 

· 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.
Proposal 12: RAN1 determines whether EN-DC, NE-DC or NN-DC operation needs to be considered for NR V2X synchronization operation.
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