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[bookmark: _Ref513464071]Introduction
The following agreements have been made for NR-Sidelink Synchronization Signals (SLSS) [1]-[5]: 
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:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Agreements:
· For NR SLSS, as the baseline:
· The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
· The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS
Agreements:
· The 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
[bookmark: _Hlk1052808][bookmark: _Hlk1052752]Agreements:
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note: Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.

The following agreements have been made for NR-Sidelink Synchronization procedures and other RSs:
Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority

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

In this contribution, we provide simulation results for various combinations and discuss further on remaining details for NR V2X synchronization mechanisms, signals, and procedures.
Design of Sidelink Synchronization Signals
It was agreed that the design of NR V2X sidelink synchronization signals (SLSS) and PSBCH uses NR SSB structure as the starting point. It was also agreed that NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format, Sidelink SS Block (S-SSB). To minimize the standardization effort and the NR V2X UE detection complexity, the NR SSB structure may be used as the starting point. In the following sections, we discuss the design of S-SSB, including the sequence length, number of SLSS IDs, the order of symbols within the S-SSB, the number of OFDM symbols for PSBCH.
Sequence length and number of NR SL-SSID
It was agreed that the sequence types for S-PSS and S-SSS are the same type as the M sequence for NR-PSS and the Gold sequence for NR-SSS, respectively. According to the agreements, at least for 15 kHz SCS NR S-PSS/S-SSS, the same or better coverage as that of LTE under the same Tx/Rx configuration should be guaranteed. Two sequence lengths have been discussed for NR SLSS, length-127 and length-255. It is understood that the length-255 sequence will have better correlation properties, however it occupies a larger bandwidth, i.e. up to 24 PRB. If 60kHz SCS needs to be supported, this will require the system to have 17.28MHz of minimum bandwidth for SSB. With the length-127 sequence, and power boosting or repetition of the PSS/SSS symbols in time domain, similar performance can be achieved. 
It is possible that the larger bandwidth S-SSS may be used as reference symbols for channel estimation of PSBCH and reduce the use of DMRS for PSBCH. This may improve the coding rate of PSBCH. However, the larger sequence length will also increase the complexity of detection of sidelink ID. Considering this trade off, we prefer the sequence length of 127 with more flexibility, reduced complexity and reduced standardization effort 
[bookmark: _Hlk534989395]Proposal 1: The S-PSS and S-SSS should be of length 127. 
For NR-SLSS, in 0 it was agreed that if and, how to distinguish from NR Uu PSS and SSS sequences should be considered as part of S-SSB design. In [2], it was also agreed to use M-sequence for NR-PSS and Gold sequence for NR-SSS. Since NR-Uu and NR-Sidelink may coexist in a same band, S-SSB must be unambiguously detected from NR-SSB. If Uu or Sidelink can be identified during the detection of PSS, it may reduce the complexity of the detection process and reduce the likelihood of detecting the wrong SSB. 
For NR Uu, PSS sequences are based on the length 127 M-sequence as below.

  
· Polynomial for shift register x(m): x7+x4+1, i.e., x(i+7) = (x(i+4) + x(i)) mod 2
· Initial value for the shift register is x(m)= [1 1 1 0 1 1 0]
· Shift for x(m): 0, 43, 86 (3 sequences) corresponding to  = 0,1,2
Therefore, the two approaches which may be used to create a sequence orthogonal to the NR Uu sequence, as discussed during the previous meetings, are: 
· Option 1: Using different shift values for the same sequence 
· Option 2: Using different primitive polynomials of similar order and length of sequence 
Using different shifts of the existing NR-PSS design to be more efficient for a receiver, and also offer better correlation properties with the existing NR-Uu.
Proposal 2: Different shifts of the NR-PSS sequence should be used for S-PSS to differentiate it from NR Uu PSS. The values for the shifts should be further evaluated. 
Since in the synchronization process, PSS is detected first, if the NR-V2X PSS is designed to be orthogonal to the NR Uu PSS, the UE will be able to unambiguously identify the source. This may be the distinguishing factor between NR-Uu SSB and S-SSB. However, once the PSS is detected, an SSS using a Gold sequence, identical to NR-Uu, may be used in S-SSB for the lowest specification impact.
Proposal 3: The NR-SSS Gold sequences are reused for S-SSS. 


NR V2X introduces many new use cases. In some use cases the SLID may be reserved, e.g. with platooning all the participants of a platoon may use the platoon leader as a synchronization source. In the US highway scenario, many platoons may operate and collide if SLIDs are not unique. Also, considering the expected increased density of cells in NR (e.g., doubled to 1008 in NR from 504 in LTE), SLID may be used potentially for different coverage and indication status. Hence, sidelink capacity for NR V2X may need to be increased as compared to LTE V2X. If we use 2 S-PSS for in-coverage/out-of-coverage indication, and 336 SLID in each coverage group using the same SSS design as NR Uu, we may support a total 672 unique SLID, i.e. in {0, 1, … , 335} with  for in-coverage and SLSS ID set  in {336,337,…,671} when  for out-of-coverage.
Proposal 4: The total number of SLSS IDs supported should be 672, assuming 2 values of coverage indicator are indicated using S-PSS.
SSB Structures and Simulations
[bookmark: _Hlk534989389]For the agreed SSB combinations, there were various variables considered to generate four combinations. These variables were:
· Number of RBs = 12, 20, 24
· Number of PSS/SSS symbols = 1, 2
· Sequence length = 127, 255
However, the structure and the order of symbols were not considered as well as the number of symbols for PSBCH were not considered. In NR-PBCH, 48 REs were used. To maintain the same coding rate as NR-PBCH, for combination 1 (12 PRBs), the number of OFDM symbol for PSBCH should be increased to at least 4. If the coverage needs to be increased, this may be repeated, i.e. the number of REs may be increased in any of the combinations. In this contribution, we only consider sequences of length 127. We consider two different structures for combination 2 by modifying the symbol order (referred in this contribution as 2a and 2b)
· Combination 1: [PSS, PSS, PBCH, SSS, SSS, PBCH, PBCH, PBCH], 12 PRB, 127 length sequences
· Combination 2a: [PSS, PSS, PBCH, SSS, SSS, PBCH], 20 PRB, 127 length sequences
· Combination 2b: [PSS, PSS, SSS, SSS, PBCH, PBCH], 20 PRB, 127 length sequences
· Combination 3: [PSS, PBCH, SSS, PBCH], 20 PRB, 127 length sequences, NR Like combination
The same power is transmitted in all these combinations. Due to nulled sub-carriers, combination 2a, 2b and 3 have the advantage of power boosting for PSS, whereas combination 1 doesn’t have any power boosting. Combination 1, 2a and 2b has two symbols transmitted for PSS/SSS, so the total energy is larger as compared to Combination 3. For combination 1, 4 OFDM symbols are used for PSBCH. Different permutations are possible for the location of the PBCH symbols. For a simple apple-apple comparison with combination 2a, we use only one OFDM symbol gap between PSS and SSS. However, as OFDM symbols of PBCH may be farther in time from SSS, SSS should not be used to improve the channel estimation for PBCH. Only DMRS for PSBCH should be used. This has not been considered in this contribution, but should be considered in the final structure design.
At the receiver, multiple hypotheses testing is performed on the combined correlation of S-PSS symbols to estimate the frequency offset in two symbol cases. PSS is used to estimate the channel for coherent detection of SSS. By jointly detecting S-PSS and S-SSS we compute the SLID. For NR V2X S-PSS and S-SSS, it was agreed that the detection probability of S-PSS/S-SSS at -6dB should be considered as performance metric for V2X sidelink synchronization.
For the CDL-V2X channel model dual mobility is used. All the speeds indicated in document are absolute speeds of each vehicle and hence the relative speeds may be up to 2x of the indicated speeds. Other simulation assumptions are summarized in Annex. In the section below, pros and cons of different combinations are discussed and in the section that follows we show the simulations results of the various scenarios..
Pros and Cons of Different Combinations
	Combinations for SS Structure
	Pros 
	Cons

	Combination 1 

	· Reduced number of RB may be required to facilitate scenario with higher SCS and low maximum bandwidth (coexist with LTE-V2X)
· Repetition gain for both PSS and SSS.
· PSS/SSS repetition may be used for CFO estimation 
· Low complexity design can be used in receiver
· Repetition of PSS/SSS sequence with modification (Orthogonal code) may be possible.
	· Increased duration for low SCS.
· Power for PSS or SSS is not boosted. 
· In a very high speed vehicular, highway scenarios, low SCS, combining gains are reduced 
· Not code-orthogonal to NR Uu SSB. Cannot share time/frequency resource with NR Uu
· As only 11/12 PRB are used, symbols for PSBCH may need to be doubled to achieve same performance as NR Uu (48 PRB). Only 1 SSB may fit in one slot

	Combination 2
	· Much, better performance than all other combinations at low speeds
· Power boosting for PSS
· Repetition gain for PSS/SSS
· PSS repetition may be used for CFO estimation. 
· Configuration B gives best detection results of due to repetition and power boosting gains. 
· [bookmark: _GoBack]PBCH-Wrapping around SSS possible. 
· Repetition of PSS/SSS sequence with modification (Orthogonal code) may be possible.
	· Long duration for low SCS. Overhead is increased considerably 
· No power boosting for SSS.
· In a very high speed vehicular, highway scenarios, low SCS, combining gains are reduced
· Not code-orthogonal to NR Uu SSB. Cannot share time/frequency resource with NR Uu 

	Combination 3 
(NR Design)
	· Reuse NR Design and Receiver.
· For overlap and time/frequency resource CDM with NR Uu possible.
· Power boosting for PSS
· Acceptable performance in all scenarios. 
	· No Power boosting for SSS if PBCH is wrapped around SSS
· Higher complexity for initial CFO estimation, due to multiple hypothesis for CFO. 


	Combination 4
	· Improved correlation properties and detection performance for both PSS/SSS as compared to NR
· SSS may be used for channel estimation for PSBCH and DMRS overhead can be reduced
	· Different Design, NR Uu receiver may not be re used. 
· Cannot be CDM with NR Uu 
· Higher number of PRBs as compared to NR and combination 2/3
· Higher complexity for initial CFO estimation 



Compare S-SSB combination
For this set of results, for Urban Grid, joint detection performance of PSS/SSS is compared at a low vehicular absolute speed of 3 km/h (6km/h relative). Scenarios of LOS, NLOS and NLOSv for 6GHz center frequency with 30kHz SCS are compared in Figure 1 and 30 GHz with 120 kHz SCS are compared in Figure 2. For the urban grid environment and low speeds, we can see all the combinations perform above 90% probability of detection at -6dB SNR in all the cases. The detection probabilities of combination 2a and 2b are much better compared to the combinations 1 and 3 at low SNR. At low SNR, combination 2a and 2b can take advantage of both combining gain and the power boosting for PSS, whereas combination 1 only has repetition and combination 3 only has power boosting for PSS.
[image: ]
[bookmark: _Ref1077303]Figure 1 Detection Probability in 6GHz, SCS 30kHz, Urban Grid
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[bookmark: _Ref1077315]Figure 2 Detection Probability in 30GHz, SCS 120kHz, Urban Grid
For Highway, joint detection performance of PSS/SSS is compared at a high vehicular absolute speed of 120 km/h (240km/h relative). LOS, and NLOSv scenarios for 6GHz with 30kHz SCS are compared in Figure 3 and 30 GHz with 120 kHz SCS are compared in Figure 4. We observe that, at the higher speed the performance of 2a suffers more. This is because the PBCH symbol is present between PSS and SSS. At high speed, due to higher Doppler, the channel estimate for SSS is stale. By comparison, when the PBCH is moved to the end, as in case 2b, the detection improves. This may not be a problem if higher Doppler can be alleviated by increasing the SCS size and making the symbols shorter. This is discussed in following section. 
[image: ]
[bookmark: _Ref1077411]Figure 3 Detection Probability in 6GHz, SCS 30kHz, Highway
[image: ]
[bookmark: _Ref1077423]Figure 4 Detection Probability in 30GHz, SCS 120kHz, Highway

Compare different SCS
[bookmark: _Hlk534989508]To avoid overcrowding the figures we use only combination 2b, 3 in this sub-section. Those combinations are compared at 6GHz with SCSs of 15kHz, 30kHz and 60kHz in Urban NLOS in Figure 5 and Highway NLOS scenarios in Figure 6. As expected, we observe that the higher the SCS, the better the detection probability. However, we can also observe that the performance gap between the curves increased in higher speed scenarios. In part, this is also due to the better ability of option 2b to estimate the initial CFO. This can be seen in Figure 7.
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[bookmark: _Ref1077242]Figure 5 Detection Probability in 6GHz, Urban NLOS, Different SCS
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[bookmark: _Ref1077272]Figure 6 Detection Probability in 6GHz, Highway LOS, Different SCS
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[bookmark: _Ref1119521]Figure 7 Residual CFO in 6GHz, Highway LOS, Different SCS
Combination 2b, 3 are compared again, now at 30GHz center frequency with 60kHz and 120kHz SCS. Low speeds in Urban grid NLOS are compared in Figure 8,Figure 5 and Highway LOS scenarios are compared in Figure 9. In these, we can see that the detection performance improved with increased SCS. Low SCS performs poorly, especially at high speeds. 120kHz SCS is required to pass 80% detection probability even in the option 2b case. In NR, SSB can also use 240kHz SCS. Using SCS as high as 240kHz may be required to support 30GHz center frequency in high speed scenarios if detection target is higher than 80%. 
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[bookmark: _Ref1077462]Figure 8 Detection Probability in 30GHz, Urban NLOS, Different SCS
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[bookmark: _Ref1077469]Figure 9 Detection Probability in 30GHz, Highway LOS, Different SCS
[image: ]
Figure 10 Residual CFO in 30GHz, Highway LOS, Different SCS
In these results, we observe that repetition for PSS or SSS achieves much better detection performance than one-symbol SLSS. The repetition may also be used for CFO estimation, which may reduce the detection complexity at the receiver. However, in cases of high UE speed & higher carrier frequency, the impact of Doppler is more severe. As distance between PSS and SSS increases, coherent detection performance of SSS is degraded significantly. This effect is even more prominent for low SCS configurations where symbol durations are longer.
The performance may be improved by using configurations where SSS is transmitted immediately following the PSS. However, we also note that the existing NR design performs acceptably in different scenarios, whereas repetition of PSS and SSS symbols may be over-engineering with increased overhead. The minimum bandwidth requirement of 10MHz, for NR-V2X if required to coexist with LTE-V2X in the same band, may be achieved by using combination 3 and smaller SCS than 60kHz. E.g. 15 or 30kHz.
In summary, we compare the joint detection performance for S-PSS and S-SSS in various scenarios. It can be observed that the detection performance is worse in the high-speed highway scenario as compared with the detection performance in the low speed urban scenario. This may also be attributed to the fact that coherent detection of S-SSS was based on the channel that is estimated from the S-PSS. We observed that performance could be improved by repetition the S-PSS, S-SSS in time, by reducing the distance between S-PSS, S-SSS, or by reducing the total time duration of S-SSB by increasing the SCS.
Observation 1: In all the scenarios with high speed scattering, more than 90% detection probability is achieved by using the repetition of PSS/SSS or by using higher SCS.
Observation 2: Combination 3 at 30kHz or 60 kHz SCS meets performance of 90% detection probability even at 120 kmph in Highway scenarios.
NR V2X Sidelink Synchronization Procedures
SyncRef UE selection is a procedure to select the proper UE as a timing reference for sidelink transmission. In LTE V2X, various sources are used for SyncRef, e.g. GNSS, LTE eNB, UEs transmitting SLSS with an external source (UEs, which receive their SyncRef from LTE eNB, GNSS), and UEs transmitting SLSS without a source of their own. In NR, as more use cases are considered and new synchronization sources are introduced, the current SyncRef UE selection may not suffice. In 0(pre)-configuration of UE to use GNSS-based synchronization or gNB/eNB-based synchronization was agreed. We believe group based synchronization should be considered and furthermore, the dependence of supported synchronization sources on the NR V2X UE capability should be considered.
For example, for the NR V2X Vehicles Platooning use case, the platoon leader, or a platoon follower, could become a (direct or indirect source of) SyncRef UE. Synchronization of timing within the platoon is more important than timing from gNBs, which may change every handover. Different procedures and priorities of timing reference selection for sidelink transmission should be considered in SyncRef selection.  As an example, for synchronization or SyncRef selection, the platoon leader can have higher priority than other members of the platoon. Members of a platoon can have higher priority than other UEs who are not part of the platoon. 
If new synchronization sources are introduced, SLID code partitioning may also be done to reserve some of the SLID for each of them
Proposal 5: Sidelink synchronization procedures should consider new synchronization sources (e.g., platoon leader) for NR V2X. 
Proposal 6: In groupcast case, the group leader (e.g., platoon leader) should have the highest priority as the synchronization source for group members. 
Conclusion
In this contribution, we provided simulation results for various combinations and discuss further on some remaining details for NR V2X synchronization mechanisms, signals, and procedures. We considered some of the new use cases proposed for NR V2X. We have the following proposals:
Proposal 1: The S-PSS and S-SSS should be of length 127.
Proposal 2: Different shifts of the NR-PSS sequence should be used for S-PSS to differentiate it from NR Uu PSS. The values for the shifts should be further evaluated. 
Proposal 3: The NR-SSS Gold sequences are reused for S-SSS. 
Proposal 4: The total number of SLSS IDs supported should be 672, assuming 2 values of coverage indicator are indicated using S-PSS.
Observation 1: In all the scenarios with high speed scattering, more than 90% detection probability is achieved by using the repetition of PSS/SSS or by using higher SCS.
Observation 2: Combination 3 at 30kHz or 60 kHz SCS meets performance of 90% detection probability even at 120 kmph in Highway scenarios.
Proposal 5: Sidelink synchronization procedures should consider new synchronization sources (e.g., platoon leader) for NR V2X. 
Proposal 6: In groupcast case, the group leader (e.g., platoon leader) should have the highest priority as the synchronization source for group members. 
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