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For the NR V2X work item, the WID includes the following objective for sidelink synchronization [1]:
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified
The following agreements are were made in RAN1#96bis [2]:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.

In this contribution, we further develop the design of sidelink synchronization, taking into account the above agreements [2] and SI outcome [3].

Sidelink SSB Structure
S-SSB structure 
In LTE SLSS there are two PSSS symbols, two SSSS symbols, and 3 DMRS symbols within the synchronization subframe. The other symbols are used for AGC, gap, and PSBCH. When UE transmits the SLSS/PSBCH subframe, no other signal or channels can be transmitted in this subframe. The periodicity of SLSS is 160 ms considering the system overhead. This is shown in Figure 1 below. 

[image: ]
Figure 1: Structure of LTE V2X synchronization subframe 
The first symbol of synchronization subframe is used to for AGC in LTE-V2X since the SLSS transmission is non-continuous in time domain. The same principle should be applied to NR-V2X too. The next question is whether PSBCH or some other specifically designed RS will be used for the AGC symbol. Data based AGC symbol can be applicable to both NR-V2X S-SSB and data channel and which can give more flexibility to the receiver. 
Proposal 1: A PSBCH symbol is used for the S-SSB slot AGC symbol.
Next, we consider the placement of the two S-PSS and S-SSS symbols. In LTE-V2X design, the S-PSS and S-SSS are distributed in the beginning and tail of the synchronization subframe. This design may potentially help the SLSS receiver to enhance the PSBCH detection under low speed cases. If the speed is high, the benefits from this arrangement cannot be obtained, and it requires the receiver to buffer the PSBCH symbols until the S-SSS is detected. Another solution is put the S-PSS and S-SSS in consecutive symbols. This can improve the S-SSS detection assisted by the S-PSS signal, and avoid needing to buffer PSBCH. 
The two symbols allocated for each of the S-PSS and S-SSS can also carry different combinations through a set of different S-PSS and S-SSS signals, respectively. A design using different signals provides code diversity at the receiver and in this way enables more reliable detection. At the same time, through the different combinations of S-PSS and/or S-SSS mapped on each of the symbol pairs, additional synchronization priority information can be provided to the Rx UE. An example would be to carry the synchronization source type of the Tx UE and the number of hops from the original sync source. Such information can assist the Rx UE to immediately select the SLSS sent by the UE with the highest priority source and synchronize to it.
Proposal 2: The two S-PSS symbols and two S-SSS symbols are sent in consecutive symbols i.e. PSS-PSS-SSS-SSS. 

On the issue of the number of PSBCH symbols needed, from our simulation results in the previous meeting [6], we found that to achieve the same coverage as LTE-V2X in 15 kHz at least 6 PSBCH symbols are needed. As a result, for 15 kHz, there are at least 12 symbols (one AGC symbols + 2 S-PSS + 2 S-SSS + 6PSBCH + GAP symbol) in the subframe. Since both normal CP and extended CP are supported for S-SSB, at least 6 PSBCH symbols should be supported for 15 kHz. From RAN4 LS [5], where a single  AGC symbol is adequate [5] at least for 15 kHz, we have the following proposal: 
Proposal 3: At least 6 PSBCH symbols are used for NR-V2X synchronization slot for 15 kHz.
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Figure 2: An S-SSB structure example for 15 kHz SCS normal CP

Lastly, we analyze the number of S-SSB sent within each S-SSB burst. The above design for S-SSB shown in Figure 2 can be used for 15 kHz as well as 30 and 60 kHz SCS if the number of AGC symbol is the same each time. For other than 15 kHz SCS, RAN1 has not set a precise design target Error! Reference source not found.:
Agreement:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
So for FR1 and FR2, if the same coverage is required as 15 kHz SCS, multiple S-SSB can be configured within the S-SSB burst duration. For example, even for FR1, two and four S-SSBs can be configured for 30 and 60 kHz SCSs respectively to achieve the same coverage. The reason is the SNR at the transmitter can be expressed as if the total transmission power Pmax is allocated to S-SSB:


From the above formula, we see that the SNR at the transmitter is reduced when the SCS increases. The can also be verified by the simulation results shown in the following figure 3 to figure 5, where the S-PSS/S-SSS jointly detection performance become worse when the higher SCS is used for SLSS. 
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Figure 3: One shot S-PSS/S-SSS detection performance for different SCS under 6km/h

[image: C:\Users\y00367708\AppData\Roaming\eSpace_Desktop\UserData\y00367708\imagefiles\F38FCAB4-C72A-42CE-A067-98AF53231A6C.png]
Figure 4: One shot S-PSS/S-SSS detection performance for different SCS under240km/h

[image: C:\Users\y00367708\AppData\Roaming\eSpace_Desktop\UserData\y00367708\imagefiles\B4FF815A-4571-4AB9-9796-FCFBC49D2174.png]
Figure 5: One shot S-PSS/S-SSS detection performance for different SCS under 500km/h

From the above simulation studies, the following observations can be drawn:
Observation 1: The coverage of S-SSB is reduced when the SCS increases:
· The coverage of 30 kHz SCS S-SSB will reduce by ~3dB comparing to the 15 kHz SCS
· The coverage of 60 kHz SCS S-SSB will reduce by ~6dB comparing to the 15 kHz SCS

To achieve the same coverage for 30/60kHz SCS as 15kHz SCS, multiple S-SSB should be transmitted for every synchronization resource, even for FR1. For FR2, multiple S-SSB transmission to support beams specific synchronizations are needed. For multiple S-SSBs within a period, the S-SSBs can be transmitted in multiple beams successively, either in the same beam multiple times or in different beams via beam sweeping, e.g. for FR2. In NR, a maximum of L (L=4/8/64 for <3 GHz/3~6 GHz/>6 GHz) SSBs can be transmitted within 5ms SS burst set. Following the same principle, a maximum of L_v2x S-SSB can be transmitted within the equivalent 5ms S-SSB burst set. 
Figure 6 shows an example of different numbers of S-SSBs for different SCS. 
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Figure 6: A design example for multiple S-SSB

Proposal 4: The number of S-SSB for a synchronization resource within a S-SSB burst period  should be configured both for FR1 and FR2:
· For FR1: Up to at least 2 S-SSBs are configured for 30kHz, and up to at least 4 S-SSBs are configured for 60kHz
· For FR2: Up to L_v2x (L_v2x=2/4/8 for <3 GHz/3~6 GHz/>6 GHz respectively) S-SSBs are configured.

The above proposal assumes configurable S-SSB burst periodicity for the different SCS to provide the needed flexibility in the S-SSB transmission especially for FR2. Furthermore, with SL transmission on licensed bands where LTE-V2X exists, the SL transmission will occupy the UL slot of the licensed band, and to reduce the impact on the UL transmission, longer periodicities can be considered. Possible periodicities to be considered can be e.g. 40/80/160ms. The specific supported periodicities may require RAN4 guidance. 
Proposal 5: Support configurable S-SSB periodicity values, including longer periodicities than supported for Rel-15 NR Uu SSB periodicities.

S-PSS and S-SSS sequences
It was agreed that the frequency location of S-SSB can be (pre-) configured. While this could be used to avoid potential interference between S-SSB and SSB in NR Uu link in the shared TDD licensed carriers, possible overlapping with the NR SSB frequency locations may still be possible since the SSB for RRM can be placed in any ARFCN for the NR Uu link. To ensure that these interference is mitigated, the sequences used for S-PSS and S-SSS must ensure low correlation with its NR Uu counterparts.
Proposal 6: The sequences for S-PSS and S-SSS should be of low cross-correlation with NR Uu PSS and SSS.

Sequences for S-PSS
The current polynomial used for PSS on Uu is the following:  

                                                              (1)
So to keep a low cross-correlation with the PSS, two options can be considered as: 
· Option 1: different polynomial is used for S-PSS without the limitation on the cyclic shift.
· Option 2: the same polynomial is used but with different cyclic shift.

For option 1, to keep low cross-correlation, another following polynomial can be used since they are an uncorrelated sequence pair:

                                                      (2)
If different polynomial is used for S-PSS, no cyclic shift limitation is required, the same or similar cyclic shift value can be used for S-PSS. 
For option 2, since the same polynomial as Uu is used, then different cyclic shift should be used for S-PSS. This means the same m sequence is used for both PSS and S-PSS. This will result some side peak to the NR Uu PSS receiver if time detection receiver is used. This is not friendly to the NR Uu link, especially for the NR Uu UE does the initial frequency search where large side peak will result in detect to a wrong timing. We prefer the Option 1 for S-PSS design. With this, different S-PSS can be used in the two symbols for the diversity and differentiation discussed in section 2.1.
Proposal 7: For S-PSS sequence, the following polynomial is used for S-PSS m sequence generation: 
· 

· FFS: the cyclic shift for each symbol of S-PSS.

As per the agreement in RAN1#96bis, the S-PSS is based on M-sequences, with the same generator based as found in the NR Uu PSS sequence, is evaluated. To obtain a different sequence in the second symbol, a different initial value is used in the generator. Hence, we evaluate the following two options:
· Option A: Using different S-PSS sequences in two symbols, and the same S-SSS sequences in two symbols.
· Option B: Using the same (repetitive) S-PSS sequences in two symbols, and the same S-SSS sequences in two symbols.

The performance in terms of joint S-PSS/S-SSS detection probability of the different options is shown in Figure 7. The two options are shown in the red and green curve, respectively.  It should be noted that Figure 1 shows the detection performance of the NR Uu PSS sequence repeated in two symbols and one particular example with the NR Uu PSS in one symbol and one M-sequence from the same generator but using a different initial value in the second symbol. It should be noted that the difference in the two curves is shown to be smaller than the typically expected variations due to different possible Rx-side synchronization algorithms and implementations, also including the parametrization of the SLSS detection procedures. As reference, it has been shown in [2] that the impact of Rx-side filtering of the SLSS has a larger impact on the detection probability than what is seen in Figure 1. Also from this perspective, this observation should be understood as a preliminary evaluation step providing first insights.
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[bookmark: _Ref7789073]Figure 7: 2-symbol S-PSS sequences detection probability
 
Observation 2: The detection probability when using repeated S-PSS and S-SSS sequences is only slightly higher than using differentiated sequences for S-PSS, for the particular evaluated sequence pair.
Using different combinations of S-PSS in the two symbols offers the benefit of conveying additional information. This information can include sequence priority information e.g. depending on the synchronization source type of the Tx UE, the number of hops from the original synchronization source etc. The benefit of providing such information as early as possibly via S-PSS to the Rx UE is to assist its selection of the highest priority synchronization source. For example, if we labelled two different sequence as 0 and 1, then the combination set of which is {00, 01, 10, 11}, which could carry 2 bits of information. With four combinations, the performance for combinations {01, 10} would correspond to Option 1, whereas the performance of combinations {00, 11} to Option 2, respectively. 
Observation 3: Using different S-PSS sequences in the two symbols provides flexibility to convey additional information about the synchronization source.
Proposal 8: In addition to repeated S-PSS sequences in the two symbols, support having different sequences in the two symbols.
Sequences for S-SSS
For NR Uu, 1008 sequences are selected from a length-127 Gold sequence sets. For a length 127 Gold sequence, there are in total 129 different Gold sequences with good periodic cross correlation. If cyclic shift is used for every different Gold sequence, then there will be 129*127 sequences.  NR Uu only used 1008 sequences, so there are many unused sequences left in the length 127 Gold sequence family. A simple way to design the S-SSS is to use the same cyclic shift value in the unused part. For example a shift value can be added to the cyclic shift part to use the unused part with the same cyclic shift distance. This design will give almost the same performance for S-SSS as SSS, and the cross-correlation impact from S-SSS to SSS is the same within different SSS sequences. The value Δ = 45 is an example, and different values could be used to generate different S-SSS for source priority differentiation.

                                (3)

Proposal 9: For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value.

Number of SLSS IDs
In LTE, for Uu link, there are 504 PCIs with 3 different PSS sequences. Every SSS sequences of LTE can derive 168 different sequences. For LTE-V2X design, we use two different PSS combined with 168-size SSS, then there are 336=168*2 different SLSS IDs.
For NR Uu link there are 1008 PCIs with 3 different PSS sequences. Every SSS sequence of NR can derive 336 different sequences. NR Uu extends the re-use of PCIs by increasing the number of SSS sequences. The PCI as defined in 38.211 is copied below: 
	There are 1008 unique physical-layer cell identities given by

	
where  and .



If the same design principle is taken for NR-V2X, two S-PSS associated to in-coverage and out-of-coverage SLSS sequences sets, then totally 678(2*336) SLSS ID are needed. 
Another issue is how many S-SSS sequences are needed. We prefer the same number 336 sequences as NR Uu link used to NR-V2X: 
· For NR-V2X, the S-SSB should be both used for FR1 and FR2. For FR2, the cell will be smaller, more SLSS-IDs are needed when the network configures the S-SSB transmission (associated with different SLSS ID) in coverage. 
· The performance loss is very limited when 336 S-SSS sequences are used as in the following figure 8. The detection complexity is similar with NR-Uu link, so no implementation difficulties are expected. 
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Figure 8: Comparison of SSID numbers

Proposal 10: For the supported SLSS IDs for NR-V2X: 
· Two  values are defined for the generation of the S-PSS sequences, one for in-coverage and another one for out-of-coverage. 
· 336 S-SSS sequences are used for NR-V2X.
· 672 SLSS IDs are used, {0, 1, …, 335} for in-coverage and {335, 337, …, 671} for out-of-coverage. 

Synchronization procedures 
RAN1#96 made the following decisions [7]:
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 both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the priority between them should depend on received signal strength, e.g. based on RSRP/RSRQ. However, the timing difference between eNB and gNB should be also considered since NR Uu link supports different timing between eNB and gNB. A single sidelink timing should be achieved when the timing between eNB and gNB is different. The potentially different numerologies between Uu link and sidelink should be also considered in order to derive the slot number in the sidelink. 
According to RAN4 specifications, the eNB and the gNB can be synchronous or asynchronous, with a maximum receive timing difference of up to 500 μs for inter-band asynchronous EN-DC, and up to 33 μs for inter-band synchronous EN-DC Error! Reference source not found.. Irrespective of whether the synchronization source is eNB or gNB, a common DFN must be obtained for the sidelink. Therefore, a timing difference between eNB and gNB should be configured to allow the sidelink UE to derive a unified sidelink timing. 
Proposal 11: The WA for synchronization procedure can be confirmed under the following conditions: 
· Synchronous and asynchronous timing between gNB and eNB are supported. 
· The timing differences between eNB and gNB should be configured to the sidelink UEs.

For out-of-coverage UEs, GNSS is the main synchronization source. If no GNSS is available, the UE will need to rely on received S-SSB. In order to prioritize among the received S-SSB, the UE has to obtain synchronization-related information, such as the coverage status of the Tx UE, the type of synchronization source it follows and/or the number of hops from the synchronization source from which it obtains its timing. Providing such type of information by the S-SSB assists the Rx UE to prioritize, select and synchronize to the Tx UE defining the highest priority synchronization source. The benefit of providing priority information already through the SLSS is that the Rx UE can receive it as early as possible, before reading the PSBCH. This allows the Rx UE to select its synchronization source based on the prioritized SLSS and synchronize to it.
Proposal 12: Support indication through S-SSB of information to assist synchronization source selection, e.g. hops, priority, etc. 

Contents of PSBCH
For LTE-V2X, the following information is carried in PSBCH [9]:
MasterInformationBlock-SL-V2X-r14 ::=		SEQUENCE {
	sl-Bandwidth-r14					ENUMERATED {
											n6, n15, n25, n50, n75, n100},
	tdd-ConfigSL-r14					TDD-ConfigSL-r12,
	directFrameNumber-r14				BIT STRING (SIZE (10)),
	directSubframeNumber-r14			INTEGER (0..9),
	inCoverage-r14						BOOLEAN,
	reserved-r14						BIT STRING (SIZE (27))
}

For NR-V2X, the candidate fields of PSBCH are listed in the following table: 
Table 1: Candidate fields of PSBCH
	field
	Number of bits
	notes

	Bandwidth
	FFS
	

	TDD configuration
	FFS
	Only cell common TDD configuration are needed.

	DFN
	10
	

	InCoverage indication
	2
	Indicate the sync source coverage states

	Hop number
	2
	Indicate the hop number of the sync source to GNSS or eNB/gNB

	periodicity
	2
	

	Type of sync source
	2
	



Proposal 13: The following fields are included in the PSBCH payload:
· Bandwidth
· TDD configuration
· DFN
· InCoverage indication
· Hop number
· Periodicity
· Type of sync source

RS based sidelink synchronization
In the last RAN1#96 meeting [7], we have the following agreement:
Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. FFS: Specification impact 

In this section, we provide our views of its use cases and possible RAN1 specs impact. RS can be used when the UE loses GNSS/network timing within a short and limited time window, e.g. within 10 seconds. If a UE loses its GNSS/network for a longer time, any kinds of DMRS will be useless, since the timing would have deviate significantly. The only usable or reliable signal is the S-SSB. 
The receiver can select a detected UE’s DMRS as its synchronization reference if the RX UE loses its GNSS signal. The UE can choose the DMRS based on the timing and frequency offset between the DMRS transmitter and its receiver, the RSRP/RSRQ, and decode results from the DMRS transmitter etc. Based on this operation, the receiver UE can determine the best DMRS transmitter as a timing reference. 
Whether the DMRS is usable for synchronization or not is still questionable. For example, if the data bandwidth is small, e.g. 4 PRBs, then the performance of DMRS on 4 PRBs will be poor for synchronization purposes (the DMRS sequence will be only length-12 if 1/4 DMRS density is used). Furthermore, the detected DMRS will be carried primarily with aperiodic traffic in NR V2X, and this kind of DMRS is not good for timing and frequency tracking. This is the reason why we need periodic SLSS both from LTE and NR V2X.  Furthermore, if we want to use the data DMRS, the receiver needs first to determine what resources have been used for the PSSCH, otherwise the receiver cannot know the bandwidth of the data DMRS, but this will change depending on interference and the UE’s blind detecting ability. 
Finally, it is unclear what specification support is needed for this in RAN1.
Proposal 14: RS based synchronization can be supported by UE implementation without RAN1 specification impact. 


Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals are listed in the following:
Proposal 1: A PSBCH symbol is used for the S-SSB slot AGC symbol.
Proposal 2: The two S-PSS symbols and two S-SSS symbols are sent in consecutive symbols i.e. PSS-PSS-SSS-SSS. 
Proposal 3: At least 6 PSBCH symbols are used for NR-V2X synchronization slot for 15 kHz:
Proposal 4: The number of S-SSB for a synchronization resource within a S-SSB burst period  should be configured both for FR1 and FR2:
· For FR1: Up to at least 2 S-SSBs are configured for 30kHz, and up to at least 4 S-SSBs are configured for 60kHz
· For FR2: Up to L_v2x (L_v2x=2/4/8 for <3 GHz/3~6 GHz/>6 GHz respectively) S-SSBs are configured.
Proposal 5: Support configurable S-SSB periodicity values, including longer periodicities than supported for Rel-15 NR Uu SSB periodicities.
Proposal 6: The sequences for S-PSS and S-SSS should be of low cross-correlation with NR Uu PSS and SSS.
Proposal 7: For S-PSS sequence, the following polynomial is used for S-PSS m sequence generation: 
· 

· FFS: the cyclic shift for each symbol of S-PSS.

Proposal 8: In addition to repeated S-PSS sequences in the two symbols, support having different sequences in the two symbols.
Proposal 9: For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value.
Proposal 10: For the supported SLSS IDs for NR-V2X: 
· Two  values are defined for the generation of the S-PSS sequences, one for in-coverage and another one for out-of-coverage. 
· 336 S-SSS sequences are used for NR-V2X.
· 672 SLSS IDs are used, {0, 1, …, 335} for in-coverage and {335, 337, …, 671} for out-of-coverage. 

Proposal 11: The WA for synchronization procedure can be confirmed under the following conditions: 
· Synchronous and asynchronous timing between gNB and eNB are supported. 
· The timing differences between eNB and gNB should be configured to the sidelink UEs.

Proposal 12: Support indication through S-SSB of information to assist synchronization source selection, e.g. hops, priority, etc. 
Proposal 13: The following fields are included in the PSBCH payload:
· Bandwidth
· TDD configuration
· DFN
· InCoverage indication
· Hop number
· Periodicity
· Type of sync source

Proposal 14: RS based synchronization can be supported by UE implementation without RAN1 specification impact. 
 
[bookmark: _GoBack]Observation 1: The coverage of S-SSB is reduced when the SCS increases:
· The coverage of 30 kHz SCS S-SSB will reduce by ~3dB comparing to the 15 kHz SCS
· The coverage of 60 kHz SCS S-SSB will reduce by ~6dB comparing to the 15 kHz SCS
Observation 2: The detection probability when using repeated S-PSS and S-SSS sequences is only slightly higher than using differentiated sequences for S-PSS, for the particular evaluated sequence pair.
Observation 3: Using different S-PSS sequences in the two symbols provides flexibility to convey additional information about the synchronization source.

Annex: Simulation assumptions
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	urban-nlos, ds = 30ns
	urban-nlos, ds = 100ns

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	Relative UE Speed
	6 km/h, 240 km/h  (mandatory)
60km/h, 500 km/h (optional)
	6 km/hr, 240 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

	Tx-Rx antenna number
	2Tx-4Rx

	Payload size of PSBCH
	56bits with 24 bits CRC for NR-V2X




Simulation assumptions for Figure 7
	 Parameter
	Value

	Carrier Frequency
	6 GHz

	Channel Model
	Urban-NLOS, ds = 30ns

	Subcarrier Spacing(s)
	15 kHz

	SNR Range
	> -6 dB

	Relative UE Speed
	6 km/h

	Interference model
	Scenario 1: no interference

	Initial Frequency Offset
	[-5,+5] PPM
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