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1. Introduction
In RAN1 #95 meeting, the following agreements were made:

	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


This contribution addresses sidelink synchronization mechanisms. 

2. Discussion 
2.1. S-SSB format for NR V2X
The NR PSS uses m-sequence with 127 length and SSS uses gold sequence with 127 length. A single NR SSB (SS/PBCH block) occupies 12 RBs and 4 symbols within a slot. Also, unlike LTE SLSS/PSBCH, it may not be transmitted in the center of the band. Specifically, the NR SSB can be transmitted at the candidate synchronization raster location. S-SSB may also be transmitted in any frequency raster within a sidelink carrier, not around DC. However, UE should not blind search the frequency location of S-SSB to reduce detection complexity of receiving UE. The network can indicate the frequency resource in which S-SSB can be transmitted. 
Proposal 1: Network can indicate the frequency resource in which the S-SSB can be transmitted (e.g., for UE complexity reduction).
S-SSB can be designed by considering NR SSB as baseline to reduce specification impact and UE implementation complexity. Before designing the detail of S-SSB, recalling LTE SLSS/PSBCH, some design principles can be summarized. 
The first principle is that S-SSB should have a lower correlation with the SSB for Uu link. It should be noted that not only the SLSS is not detected by the NR Uu UE but also the PBCH decoding is not performed well by NR Uu UE. To make sure that the SLSS is not detected by the NR Uu UE, we can consider several ways to reduce the correlation of SLSS to PSS/SSS of SSB. In order to reduce the complexity of the UE, it was proposed that the network should configure the location of the frequency raster of the sidelink. By assigning the position of the frequency raster which is not used by the cellular UE to the sidelink, it can easily generate a low-correlated SLSS with PSS/SSS of SSB. Another way is to consider using different cyclic shift or different polynomial for SLSS not using in PSS or SSS. It is also possible to set the different symbol position for S-SSB differently from that of SSB. 
Proposal 2: S-SSB should have a lower correlation with SSB for Uu link (e.g., using different cyclic shift or polynomial for S-PSS/S-SSS, (pre)configuring different frequency raster location or setting different symbol position for S-PSS/S-SSSS and PSBCH). 
The second principle is detection performance or coverage enhancement. The transceivers moving at 500 km/h should be able to accurately synchronize with each other. Due to the relatively long transmission period of S-SSB, successful detection performance must be ensured even in one S-SSB reception. Currently, SSB in NR consists of 4 symbols. In order to improve detection performance, S-SSB of the same beam can be repeatedly transmitted in one slot or several slots, or more symbols than four symbols may be composed of one S-SSB.
Proposal 3: Successful detection performance must be ensured even in one S-SSB reception. 
The third principle is to guarantee AGC and Tx/Rx switching periods in S-SSB. AGC training interval and Tx/Rx switching interval should be considered due to the characteristics of the sidelink channel. Currently, PSS in SSB is located at the first symbol of each SSB. In this case, detection performance of PSS may be degraded due to AGC training period in the first symbol. In order to prevent this, the first symbol of the S-SSB may be mapped to the PSBCH or dummy signal. That is, unlike the SSB structure of the existing 4 symbols, it is possible to consider 5 or 6 symbols for one S-SSB.
Proposal 4: AGC and Tx/Rx switching periods should be taken into account in S-SSB design. 
With these basic design principles, we can consider some additional design issues.
Detection complexity issue: The transmission period of the S-SSB may be relatively long. Taking a correlation in the sample domain at every period may cause the complexity of the UE to be too large. Considering the LTE PSSS/SSSS design, the same symbol is repeated within one S-SSB. This enables symbol level searching, which reduces the detection complexity even in a relatively long period. In NR SLSS design, it is possible to consider a design that enables symbol level searching or half symbol level searching through the same symbol repetition or comb-like RE mapping of PSS or SSS.
Proposal 5: Detection complexity issue due to relatively long periodicity of S-SSB should be taken into account in S-SSB design. 
Beamforming issue of S-SSB: Since NR SSB is transmitted based on beamforming, the same SSB is transmitted with different beams. This is because the beam sweeping operation is considered from the synchronization step to ensure the communication link performance between the transmitter (gNB) and the receiver (UE). However, in sidelink, the UE sending and receiving the synchronization signal and the UE sending and receiving data may be different. For example, UE A transmits a synchronization signal to UE B and C, but UE B or C may not perform data transmission/reception with UE A. Also, in sidelink, the purpose of distinguishing beams from the synchronization step is unclear. When a plurality of UEs use a specific UE as a synchronization reference, it is sufficient that the timing can be derived only from the synchronization reference without beam identification. Since the relationship between the communication link and the synchronization link can be independent in sidelink, the motivation for beam sweeping in the S-SSB is unclear at least in FR1. 
Proposal 6: Beam sweeping and beam identification of S-SSB is not considered at least in FR1.
Based on the above discussion, we discuss the detailed design of S-SSB. Firstly, we consider single beam operation and symbol repetition for coverage extension. Main target frequency range is FR1. At least for FR1, single subcarrier spacing and CP should applied for S-SSB. So we propose 30kHz for FR1 and normal CP is used. Same numerology is applied for S-PSS/S-SSS/PSBCH in an S-SSB. For S-SSB structure, the first OFDM symbol for AGC and the last OFDM symbol for GAP in a slot are not used. So 8~12 OFDM symbols in a slot can be used for S-SSB. Next, we need to determine the location of the S-PSS/S-SSS/PSBCH symbols and other details. As discussed earlier, the detection complexity of S-PSS should be taken into account since the periodicity of S-SSB may be much longer than that of NR SSB. Several companies proposed in RAN1 #95 that NR SSB is repeated within a slot to enhance detection performance. However, in this proposal, since the S-PSS symbols are separated with several symbols, multiple hypothesis testing must be performed on individual S-PSS symbols to estimate the frequency offset correctly. Detecting individual S-SSBs with multiple hypothesis in the channel experiencing a higher Doppler shift/higher frequency offset than Uu link results in excessive reception complexity. To estimate this high frequency offset with lower complexity, the S-PSS symbols must be continuous in the time domain. In such a continuous symbol, high frequency offset can be easily estimated with low complexity by correlating adjacent symbols. Another way to expand the coverage of S-PSS/S-SSS is not FDMed with PSBCH. In the conventional NR SSB, the SSS is FDMed with PBCH. This design is not suitable for sidelink because the transmission power is divided into SSS and PBCH. In particular, since the S-SSB is a signal transmitted by the UE, it is preferable not to allow FDMed with the PSBCH to widen the coverage. 
For PSBCH design, NR PBCH design principle can be inherited, i.e. self-contained DMRS, 4-comb, same RE position for all OFDM symbols, ID based frequency shift, and wideband precoder. 
Observation 1: If S-PSS/S-SSS is not FDMed with PSBCH in the same symbol, it could be beneficial in terms of detection coverage/performance enhancement since there is no need to share the power budget between S-PSS/S-SSS and PSBCH.
2.2. Performance evaluation
S-PSS/S-SSS detection performance: Figure 1 depicts our example patterns of S-PSS/S-SSS. Note that the same sequence is used for two S-PSS symbols in 2 symbol-type 0/1, but different sequences are used between two S-PSS symbols in 2 symbol-type 2.
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Figure 1. Example patterns of S-PSS/S-SSS
We performed link level simulation for the above examples.
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(a) S-PSS only, S-PSS + S-SSS joint detection performance @ 3km/h
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(b) S-PSS only, S-PSS + S-SSS joint detection performance @ 120km/h
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(c) S-PSS only, S-PSS + S-SSS joint detection performance @ 250km/h
Figure 2  
Based on evaluation results, we observe that using two S-PSS symbols shows much better performance than using one S-PSS symbol. When two S-PSSs are allocated in adjacent symbols, using different sequences between two S-PSS symbols is better than using the same sequence. This is because the second highest peak of correlator output due to the single symbol overlap can be avoided when we use different S-PSS sequences in two adjacent symbols. In addition, if the interval between the S-PSS symbol pair and the S-SSS symbol pair is too long, the S-PSS/S-SSS joint detection performance is degraded.
Observation 2: If multiple S-PSS symbols (e.g., 2) are transmitted within one S-SSB and a difference sequence is used for each S-PSS symbol, the improvement of detection performance can be achieved.
Proposal 7: At least transmission of multiple S-PSS symbols (e.g., 2) within one S-SSB is supported.
PSBCH evaluation results: Figure 3 illustrates our examples of PSBCH symbol mapping.
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Figure 3. Example patterns of PSBCH (# of PSBCH symbols for Pattern 1: 4, # of PSBCH symbols for Pattern 2: 6)
PSBCH decoding performances are shown in figure 4 for different mobility (i.e. 3km/h, 120km/h, 250km/h).  
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Figure 4. PSBCH BLER performance 

The following observations can be summarized through the PSBCH decoding performances.
· 20RBs PSBCH has similar performance with 24 RBs PSBCH. This seems that the sufficient frequency diversity at 20RB is already achieved.   
· [bookmark: _GoBack]Obviously, for the more number of PSBCH symbols, the better performance is achieved. Using six PSBCH symbols is not only better in performance than using four PSBCH symbols, but can also lead to similar performance of combining four PBCHs in the NR Uu (i.e., 1 shot detection performance of PSBCH can be guaranteed.)
2.3. Synchronization procedure enhancement
In LTE V2X, GNSS, eNB, and UE could be used as synchronization reference. This is because, in regions where the GNSS signal is not well received such tunnel or dense urban, the eNB/gNB signal or the SLSS transmitted by the UE may be more effective for inter-UE synchronization. This approach can be maintained in the NR sidelink. In addition to GNSS, eNB, and UE, NR gNB can also be a synchronization reference. 
In LTE-NR synchronized mode, it can be assumed that neighboring UEs are operating basic safety with LTE V2X. In this case, the S-SSB need not be transmitted in the NR carrier.
Proposal 8: In a LTE-NR synchronized mode, S-SSB is not transmitted in NR carrier. 
As a starting point for the NR standalone synchronization mode, rel. 14/15 V2X synchronization procedures can be considered, especially in terms of the procedure of selecting/prioritizing synchronization reference and the corresponding SLSS transmission/reception procedures. However, some modification may be necessary in order to enhance the synchronization performance or support new operation scenarios. For example, NR sidelink is required to operate under the control of NR gNB as well as LTE eNB, so how to incorporate these two base station types can be further discussed.
 Proposal 9: Rel. 14/15 V2X synchronization procedures can be considered as a starting point for the NR standalone synchronization mode. This includes 
· 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 the existing LTE V2X, once the synch reference is selected, only the selected synchronization reference is tracked and no other asynchronous synchronization cluster is searched. However, when two UEs located in different synchronization clusters attempt to communicate each other, Rel. 14 V2X UEs cannot communicate. Rel. In 12/13 D2D, the operation to search asynchronous synchronization reference was supported while dropping a part of the packet transmission, but the corresponding process was not supported in V2X. Therefore, multi-cluster synchronization signal searching/tracking can be introduced for seamless communication in NR V2X. This feature would be necessary if the required latency in changing a single synchronization reference is unacceptable for some applications with stringent latency and reliability requirements. We also note that such a feature would be needed for the inter-cell sidleink under an asynchronous cell deployment, and network assistance (e.g., information on the SLSS of neighboring cells) would help the UEs search/track multiple synchronization sources as in Rel-12/13 LTE D2D.
Proposal 10: Multi-cluster synchronization signal searching/tracking can be introduced for seamless communication and inter-cell sidleink in NR V2X.
On the other hand, as the carrier frequency increases, the CP length becomes smaller. If the subcarrier spacing is increased to reduce the frequency offset, the propagation delay from the multiple UEs may not be within the CP due to the shortened CP length.
Observation 3: As the carrier frequency increases, the CP length becomes smaller. The CP length (even for the extended CP length in 60kHz) may not be sufficient to absorb propagation delay from multiple UEs. 
Using a longer CP to absorb the propagation delay from the CP may not be the desired because it increases the overhead. To solve this problem, a location based resource pool selection method as supported in rel. 14 can be helpful. For example, UEs in a specific location (zone) may use similar time resources, and signals multiplexed in a particular time resource region from a specific receiving UE may reach similar propagation delays. In order for the receiving UE to effectively receive the signal from a specific zone, a synchronization signal may be transmitted for each zone. Also, the receiving UE should be able to track signals from multiple zones. Figure 5 illustrates the example of zone based synchronization. 
Proposal 11: RAN1 should study the synchronization procedure to facilitate sidelink communication even in insufficient CP length.
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Figure 5. An example of zone based synchronization

In FR2, the synchronization itself may require significant overhead and latency. In order to prevent this, a method of utilizing FR1 timing to FR2 can be considered. In other words, FR2 can use FR1 as a synchronization reference carrier. However, even if communication is performed in FR2 based on the timing of FR1, the CP may not absorb the propagation delay due to the shortened CP length in FR2. For this purpose, FR2 may require timing adjustments, which can be signaled between the UEs through the FR1 control signal.
Proposal 12: 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. 
In unicast and groupcast, the SLSS of a specific UE can have a higher priority. This is a method discussed in FeD2D SI. If the UE mainly performs communication with a specific UE, selecting a synchronization reference as a specific UE to perform communication with the UE is more reliable than selecting a different synchronization source.
Proposal 13: In unicast and groupcast, the SLSS of a specific UE can have a higher priority.
In [1], non-SLSS based synchronization was proposed. Even if a UE is not able to detect GNSS for a while, the UE may be communicated with other UE based on other UE’s DMRS and GNSS coverage status information. This behavior can simplify the sidelink synchronization procedure because for a while UEs can perform sidelink communication without SLSS based synchronization. Therefore, we thought that the non-SLSS based synchronization operation could be beneficial at least in terms of supplementing GNSS based synchronization. 
Observation 4: Non-SLSS based synchronization operation could be beneficial at least in terms of supplementing GNSS based synchronization.
3. Conclusion
This contribution discussed on sidelink synchronization signal and procedures. The discussions can be summarized as follows:
Proposal 1: Network can indicate the frequency resource in which the S-SSB can be transmitted (e.g., for UE complexity reduction).
Proposal 2: S-SSB should have a lower correlation with SSB for Uu link (e.g., using different cyclic shift or polynomial for S-PSS/S-SSS, (pre)configuring different frequency raster location or setting different symbol position for S-PSS/S-SSSS and PSBCH).
Proposal 3: Successful detection performance must be ensured even in one S-SSB reception. 
Proposal 4: AGC and Tx/Rx switching periods should be taken into account in S-SSB design.
Proposal 5: Detection complexity issue due to relatively long periodicity of S-SSB should be taken into account in S-SSB design. 
Proposal 6: Beam sweeping and beam identification of S-SSB is not considered at least in FR1.
Observation 1: If S-PSS/S-SSS is not FDMed with PSBCH in the same symbol, it could be beneficial in terms of detection coverage/performance enhancement since there is no need to share the power budget between S-PSS/S-SSS and PSBCH.
Observation 2: If multiple S-PSS symbols (e.g., 2) are transmitted within one S-SSB and a difference sequence is used for each S-PSS symbol, the improvement of detection performance can be achieved.
Proposal 7: At least transmission of multiple S-PSS symbols (e.g., 2) within one S-SSB is supported.
Proposal 8: In a LTE-NR synchronized mode, S-SSB is not transmitted in NR carrier. 
Proposal 9: Rel. 14/15 V2X synchronization procedures can be considered as a starting point for the NR standalone synchronization mode. This includes 
· 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
Proposal 10: Multi-cluster synchronization signal searching/tracking can be introduced for seamless communication and inter-cell sidleink in NR V2X.
Observation 3: As the carrier frequency increases, the CP length becomes smaller. The CP length (even for the extended CP length in 60kHz) may not be sufficient to absorb propagation delay from multiple UEs. 
Proposal 11: RAN1 should study the synchronization procedure to facilitate SL communication even in insufficient CP length.
Proposal 12: 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.
Proposal 13: In unicast and groupcast, the SLSS of a specific UE can have a higher priority.
Observation 4: Non-SLSS based synchronization operation could be beneficial at least in terms of supplementing GNSS based synchronization.
Reference
[1] R1-1813423, “Synchronization design for NR V2X”, Qualcomm incorporated

Appendix A
Table 1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	6GHz

	Channel Model
	CDL

	Subcarrier Spacing
	30 kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	Slot duration
	0.5 ms

	OFDM symbols in SF
	14

	PSBCH payload size
	40bits

	PSBCH DMRS pattern
	4-Comb, Self-contained DMRS

	PSBCH OFDM symbol position
	{4, 6} Symbols case

	PBCH frequency resource
	20RBs, 24RBs
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