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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

· Number of sidelink synchronization IDs
· S-SSB structure
· S-SSB periodicity

· Number of S-SSB transmitted

· Sequence design of sidelink synchronization signals
· PSBCH content
Synchronization procedure

· Remaining issues on synchronization source (re-)selection
· Conditions for S-SSB transmission

· RS-based sidelink synchronization
2 S-SSB Design
In RAN1 #97 [1], the following working assumption and agreements on S-SSB design were made. 
	Working assumption:

· For the NR SLSS, 

· Same sequence is used for both symbols of S-PSS

· Same sequence is used for both symbols of S-SSS

Agreements:

The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:

· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.

· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.

Agreements:

The following parameters are assumed for evaluation:

· Power Difference for S-PSS and S-SSS symbols:

· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;

· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB

· Opt.3) companies to report the assumed MPR values

· Transient period is

· 10us for FR1; 5us for FR2

· Waveform puncturing during the transient period

· S-PSS detection search window: 80ms and 160ms

Agreements:

· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:

· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.

· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.

· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Agreements:

At least for evaluation, one S-SSB transmission with at least the following periodicity:

· 160ms period at least for 15kHz SCS.

· FFS other value(s)




This section discusses remaining details and open issues for S-SSB design.
2.1 Number of sidelink synchronization IDs

RAN1 has discussed the number of sidelink synchronization IDs for several meetings, and no consensus was reached so far. However, the number of sidelink synchronization IDs is indeed essential for the sequence design of sidelink synchronization signals, so it would be beneficial to determine an exact number as soon as possible. 

In our understanding, the number of sidelink synchronization IDs used in LTE would be enough for NR V2X, although there is proposal for a need to increase the number of sidelink synchronization IDs because the number of synchronization sources is increased in NR, i.e., not only GNSS, gNB and NR V2X UE but also eNB. Also, using a smaller number of sidelink synchronization IDs provides benefit on the cross-correlation performance of S-SSS sequences, by assuming each sidelink synchronization ID is mapped to one S-SSS sequence. So, the motivation of increasing the number of sidelink synchronization IDs from the values as supported in LTE is still not clear, hence, we prefer to restrict the number to the same as LTE to reduce the standardization efforts.

Figure 1 shows a comparison of CDF for the normalized cross-correlation among S-SSS sequences, using NR Rel-15 SSS sequences as a baseline, and the comparison of the mean and maximum of the cross-correlation are shown in Table 1. It can be observed that the number of synchronization IDs directly impact the performance of cross-correlation for S-SSS sequences, and supporting 336 SLIDs can improve the mean cross-correlation by around 2 dB, comparing with supporting 672 SLIDs. A set of link-level simulation is shown in Figure 2, and it can be observed that there is still an obvious performance gap between using 336 and 672 SLIDs, although the gap is degraded from the sequence analysis due to fading channel and etc. Evaluation assumptions are detailed in Appendix.

Other than the performance degradation, it is also observed that the detection complexity of 672 SLIDs is higher than the one of 336 SLIDs. 
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Figure 1: CDF of normalized cross-correlation for different number of SLIDs. 

Table 1: Comparison of mean and max normalized cross-correlation for different number of SLIDs.

	
	Mean normalized cross-correlation
	Max normalized cross-correlation

	336 SLIDs
	-34.0683 dB
	-17.4671 dB

	672 SLIDs
	-32.0758 dB
	-17.4671 dB

	1008 SLIDs
	-31.4104 dB
	-17.4671 dB


[image: image2.emf]-10 -8 -6 -4 -2 0 2

SNR (dB)

10

-2

10

-1

10

0

S

y

n

c

 

I

D

 

D

e

t

e

c

t

i

o

n

 

E

r

r

o

r

336 SLIDs

672 SLIDs


Figure 2: SLID detection performance of S-PSS and S-SSS for different number of SLIDs. 

On the other hand, similar to LTE, the NR V2X synchronization IDs need to be divided into multiple sets in order to support different use cases, i.e., in-coverage, out-of-coverage and so on. Based on above considerations and results, we have the following proposal. 
Proposal 1: NR V2X shall support 336 sidelink synchronization IDs, wherein the IDs are divided into two sets: 168 IDs are used for in-coverage UEs, and remaining 168 IDs are used for out-of-coverage UEs.
2.2 S-SSB structure

The remaining details of S-SSB structure include the total number of symbols for S-SSB and the signal/channel for each symbol in S-SSB. It is beneficial to utilize a unified S-SSB structure for all supported numerologies and carrier frequency, in order to reduce the specification effort and implementation complexity. Within the S-SSB, the first symbol should be reserved for AGC purpose, and the sequence for AGC training, as proposed in our contribution [2], should be mapped to that symbol. For the locations of S-PSS and S-SSS symbols, and the number of symbols for PSBCH and their locations, the following three patterns for S-SSB, as illustrated in Figure 3, are considered. The performance of these three patterns is compared, with respect to the synchronization ID detection accuracy and PSBCH BLER, wherein details on the evaluation assumptions for LLS are captured in Appendix.
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Figure 3: S-SSB structures under consideration
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Figure 4: One-shot synchronization ID detection performance of S-PSS and S-SSS.
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Figure 5: One-shot decoding performance of PSBCH in high speed scenario.
Figure 4 shows the one-shot detection performance of synchronization ID from joint detecting of S-PSS and S-SSS, and it is observed that Pattern 2 and Pattern 3 have almost the same performance, and both of them slightly outperform Pattern 1 due to the truncation of waveform in the transient period in Pattern 1.  

Figure 5 shows the one-shot decoding performance of PSBCH in a high speed scenario (250*2 km/h), and it is observed that Pattern 3 has the best decoding performance mainly due to the gain from a joint channel estimation of S-SSS and DMRS of PSBCH. 

Based on the above evaluation results and analysis, we support Pattern 3, and more precisely, we have the following proposal. 

Proposal 2: NR V2X shall support a unified S-SSB structure, with respect to all supported numerologies and carrier frequency ranges, and a S-SSB contains 11 consecutive symbols in time domain, wherein: 

· The first symbol is mapped for AGC training sequence;

· The second and third symbols are mapped for S-PSS;

· The sixth and ninth symbols are mapped for S-SSS;

· The fourth, fifth, seventh, eighth, tenth, eleventh symbols are mapped for PSBCH and its DMRS.

2.3 S-SSB periodicity
In the last RAN1 meeting, it was agreed to use 160 ms as the periodicity at least for 15 kHz SCS and for evaluation purpose, and it was discussed whether other value rather than 160 ms should be supported or not. In NR Uu, SSB periodicity for initial access purpose is fixed as 20 ms, regardless of the SCS of SSB and carrier frequency range. Additional values for SSB periodicity are supported mainly for RRM measurement purpose, wherein the SSB may not locate on the synchronization raster. Obviously, the motivation for supporting additional values for periodicity of SSB is not applicable for sidelink, and hence, single periodicity for S-SSB should be sufficient. 
Proposal 3: NR V2X shall support a single periodicity of 160 ms for S-SSB, regardless of the numerology and carrier frequency. 
2.4 Number of S-SSB transmitted
In the last meeting, the number of S-SSB transmitted was also discussed, and three alternatives were listed to be down-selected from:

· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.

· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.

· Alt 3: only one S-SSB for all SCS is transmitted within P1.
At least for 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. 
For FR2, the need for supporting more than one S-SSB within a pried is clearer, however, it still needs further study on the maximum number of S-SSB needed. Meanwhile, for sidelink, the need to distinguish actually transmitted S-SSBs and maximum number of S-SSBs is not obvious, since the flexibility for implementation may not be required as in the NR Uu. 

Proposal 4: For NR V2X, the number of actually transmitted S-SSBs within P1 is the same as the maximum number of S-SSBs within P1:

· For FR1, the number is fixed as one;

· For FR2, the number is fixed and exact value FFS.
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 higher relative speed between transmitter and receiver at the same time. 

Considering the limited timeline of NR V2X WI, it is preferred to minimize the changes to Rel-15 NR. So, 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, i.e., 336, and the sequences for generating S-SSS are down-selected from the sequences for generating NR Uu 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. 
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Figure 6: Sidelink synchronization ID detection performance comparing 1 or 2 S-PSS sequences. 

Meanwhile, a set of link-level simulation results (e.g. Figure 6) show that using 1 S-PSS sequence has slightly better synchronization ID detection performance, wherein the detection relies on both S-PSS and S-SSS. Evaluation assumptions are detailed in Appendix. 

Based on above discussion and evaluation, we have the following proposal. 

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 can be considered: 

· 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 content
Similar to LTE V2X, PSBCH is responsible for delivering essential system information required after synchronization. LTE V2X can be considered as a baseline for determining the PSBCH content for NR V2X, and at least the following fields, in our understanding, should be supported. 
Proposal 8: PSBCH content shall contain at least: 

· Timing-related information such as direct frame number and direct slot number; 

· Sidelink slot configuration;

· Sidelink bandwidth;
· In-coverage indicator.
3 Synchronization Procedure
This section discusses remaining details and open issues for synchronization procedure.

3.1 Remaining issues on synchronization source (re-)selection
This subsection discusses remaining issues on synchronization source (re-)selection including priority rule and sidelink RSRP measurement.
Priority rule

The following has been agreed [3]: 
	[RAN1#96]
Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  

· The following table is a working assumption
GNSS-based synchronization
gNB/eNB-based synchronization
· P0: GNSS 

· P1: the following UE has the same priority: 

· UE directly synchronized to GNSS 

· P2: the following UE has the same priority: 

· UE indirectly synchronized to GNSS

· P3: the remaining UEs have the lowest priority.

· P0: gNB/eNB

· P1’: UE directly synchronized to gNB/eNB 

· P2’: UE indirectly synchronized to gNB/eNB 

· P3’: GNSS 

· P4’: UE directly synchronized to GNSS 

· P5’: UE indirectly synchronized to GNSS

· P6’: the remaining UEs have the lowest priority. 




When UE is configured GNSS-based synchronization, UE has to follow the priority rule in the left column of Table above for synchronization source (re-)selection in the order of GNSS, UE directly synchronized to GNSS and UE indirectly synchronized to GNSS. Other than this, the remaining UEs have the lowest priority. In such case, it is not clear whether or not UE has to ignore synchronization signal from gNB/eNB. Also, it is not clear whether or not UE has to ignore synchronization signal from another UE directly/indirectly synchronized to gNB/eNB. So, P3 for GNSS-based synchronization needs to be clarified. 
In the reality, it is highly possible that UE lost GNSS signal but detects synchronization signal from gNB/eNB. So, it would be natural to take into account gNB/eNB as synchronization source even for GNSS-based synchronization. Also, it would be desirable to keep the consistency with the prioritization rule between GNSS-based synchronization and gNB/eNB-based synchronization. 
Proposal 9: The working assumption is confirmed with the following modification: 

	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 

· P1: 

· UE directly synchronized to GNSS 

· P2: 

· UE indirectly synchronized to GNSS

· P3: eNB/gNB.

· P4: UE directly synchronized to eNB/gNB
· P5: UE indirectly synchronized to eNB/gNB
· P6: the remaining UEs have the lowest priority.
	· P0: gNB/eNB

· P1’: UE directly synchronized to gNB/eNB 

· P2’: UE indirectly synchronized to gNB/eNB 

· P3’: GNSS 

· P4’: UE directly synchronized to GNSS 

· P5’: UE indirectly synchronized to GNSS

· P6’: the remaining UEs have the lowest priority. 


RSRP measurement
In LTE D2D/V2X, S-RSRP is used for handling the case of the same priority, i.e., when there are more than two synchronization sources with the same priority, the synchronization source providing higher S-RSRP is selected. In LTE, S-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DMRSs associated with PSBCH. On the other hand, in NR Uu, UE can measure DL RSRP either by using SSS only or by using both SSS and DMRS associated with PBCH. Using SSS for DL RSRP measurement is a mandatory UE behavior and on top of SSS, whether DMRS on PBCH is used for DL RSRP measurement or not is left to UE implementation.

For NR V2X, how to handle the case where there are more than two synchronization sources with the same priority needs to be considered. It may be argued that it can be up to UE implementation bur it is preferred to specify RSRP measurement reflecting sidelink quality for future proof, e.g., for relay selection in Rel-17 sidelink enhancement.
Proposal 10: RSRP based synchronization source (re-)selection is specified to handle the case where there are more than two synchronization sources with the same priority. Which signal should be used for RSRP measurement is further discussed.
3.2 Conditions on S-SSB transmission
In LTE V2X, SLSS transmission and reception are UE capability and even though UE is capable of SLSS transmission, the UE can transmit S-SSB only when a condition is met. For example, within network coverage, UE transmits SLSS if the network configures to do it or if DL RSRP measured by UE is higher than a configured RSRP threshold. Intention is to guarantee that SLSS transmitted by in-coverage UE is reached to UEs in out-of-network coverage and to avoid unnecessary UE power consumption. In other words, if UE close to eNB transmits SLSS, UEs in out-of-network coverage may not receive SLSS and it results to consume UE’s power. The same can apply for NR V2X.

Proposal 11: Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X.
3.3 RS-based sidelink synchronization
The following was agreed [3]: 
	[RAN1#96]
Agreements:

· NR V2X supports using a sidelink RS for synchronization purpose

· Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier

· This RS is not a standalone RS and not part of SLSS.  

· This RS will not appear in the synchronization procedure for the selection of sync sources.

· RS used for the synchronization purpose would not impact any sidelink RS design

· FFS: Whether this RS is DM RS or other RS

· FFS: Whether this could be achieved by UE implementation 

· FFS: Specification impact 




As far as the intention of this agreement is understood correctly, it is mainly motivated by two facts; one is to minimize the case where UE has to perform a full search to find another synchronization source when the UE lost the synchronization source and the other is to make NR V2X synchronization procedure simpler than LTE V2X. 
From our understanding, the first motivation can be achieved by relaxing RAN4 requirements regarding how long does the UE maintain the timing reference after the UE lost the synchronization source that UE has synchronized to. From RAN1 perspective, it should be transparent because whether or not for UE to use a sidelink RS for tracking the timing synchronization is totally up to UE implementation. For example, NR V2X UE has to obtain the SL timing reference from one of synchronization sources by using the corresponding synchronization signal transmitted from the synchronization source, based on the agreed prioritization rule of the synchronization source (re-)selection. On top of that, UE can use DMRS or other sidelink reference signal (if introduced) for tracking the timing or achieving a fine synchronization by UE implementation.
The second motivation was that there would be the case where UE still successfully decodes sidelink control and data even if the UE lost the synchronization source providing the timing reference. It may or may not be true depending on when the sidelink control and data are received and how much the timing is drifted . So, it is not clear how many UEs can take the benefit from using DMRS or other sidelink reference signal for the synchronization purpose. Also, it has been proposed to support the above agreement that UE informs it’s situation of other UEs regarding whether or not the UE still keeps following the timing from the synchronization source after the synchronization source is lost. Again, this is unnecessary signaling because we don’t know how much UEs will take the benefit from this operation. Also this signaling could make synchronization procedure more complicated and impact other WGs, e.g., RAN2.
Proposal 12: Whether or not for V2X UE to use a sidelink RS for synchronization purpose is left to UE implementation.
4 Conclusion

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

S-SSB design

Proposal 1: NR V2X shall support 336 sidelink synchronization IDs, wherein the IDs are divided into two sets: 168 IDs are used for in-coverage UEs, and 168 IDs are used for out-of-coverage UEs.

Proposal 2: NR V2X shall support a unified S-SSB structure, with respect to all supported numerologies and carrier frequency ranges, and a S-SSB contains 11 consecutive symbols in time domain, wherein: 

· The first symbol is mapped for AGC training sequence;

· The second and third symbols are mapped for S-PSS;

· The sixth and ninth symbols are mapped for S-SSS;

· The fourth, fifth, seventh, eighth, tenth, eleventh symbols are mapped for PSBCH and its DMRS.

Proposal 3: NR V2X shall support a single periodicity of 160 ms for S-SSB, regardless of the numerology and carrier frequency. 
Proposal 4: For NR V2X, the number of actually transmitted S-SSBs within P1 is the same as the maximum number of S-SSBs within P1:

· For FR1, the number is fixed as one;

· For FR2, the number is fixed and exact value FFS.
Proposal 5: The number of sequences for S-SSS is same as the number of sidelink synchronization IDs, i.e., 336, and the sequences for generating S-SSS are down-selected from the sequences for generating NR Uu 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 can be considered: 

· 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: PSBCH content shall contain at least: 

· Timing-related information such as direct frame number and direct slot number; 

· DL/UL configuration;

· Sidelink bandwidth;
· In-coverage indicator.
Synchronization procedure

Proposal 9: The working assumption is confirmed with the following modification: 

	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 

· P1: 

· UE directly synchronized to GNSS 

· P2: 

· UE indirectly synchronized to GNSS

· P3: eNB/gNB.

· P4: UE directly synchronized to eNB/gNB
· P5: UE indirectly synchronized to eNB/gNB
· P6: the remaining UEs have the lowest priority.
	· P0: gNB/eNB

· P1’: UE directly synchronized to gNB/eNB 

· P2’: UE indirectly synchronized to gNB/eNB 

· P3’: GNSS 

· P4’: UE directly synchronized to GNSS 

· P5’: UE indirectly synchronized to GNSS

· P6’: the remaining UEs have the lowest priority. 


Proposal 10: RSRP based synchronization source (re-)selection is specified to handle the case where there are more than two synchronization sources with the same priority. Which signal should be used for RSRP measurement is further discussed.

Proposal 11: Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X.
Proposal 12: Whether or not for V2X UE to use a sidelink RS for synchronization purpose is left to UE implementation.
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 Appendix

Table 2: Evaluation assumptions for LLS on synchronization performance
	Carrier Frequency
	6 GHz

	Channel Model
	CDL model for Urban NLOS V2X channel

	Subcarrier Spacing(s)
	15 kHz

	Simulated Bandwidth 
	11 RBs

	SNR Range
	> -6 dB

	UE Speed
	3 km/h, 250 km/h 

	Interference 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

	Number of Antennas
	2 TX * 2 RX

	Number of Sync IDs for NR V2X
	336 when comparing 1 or 2 S-PSS sequences
336 and 672 when comparing the number of Sync IDs

	NR V2X S-PSS 
	Length-127 M-sequence; 
Repeatedly mapped to 2 symbols in a S-SSB;

1 or 2 S-PSS sequences are evaluated.

	NR V2X S-SSS
	Length-127 Gold-sequence; 

Repeatedly mapped to 2 symbols in a S-SSB; 
336 sequences are down-selected from NR Rel-15 SSS sequences and kept the same for the evaluation of 1 or 2 S-PSS sequences;
336 and 672 sequences are down-selected from NR Rel-15 SSS sequences for the evaluation of comparing the number of SLIDs.

	MPR Values
	S-PSS = 0 dB

S-SSS = 3 dB

	Transient Period
	10 us (waveform puncturing during the transient period)

	PSBCH Payload Size
	56 bits (including CRC bits)

	DMRS Density of PSBCH
	1/4

	S-SSB period
	160 ms
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