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1 	Introduction
In the RAN1#95 meeting discussion on NR V2X sidelink synchronization continued and the further agreements were made.
In this contribution we discuss details of NR V2X sidelink synchronization procedure and S-SSB design.
2 	Discussion on synchronisation procedures

In the RAN1#94 meeting the following agreement was made:

Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier

Based on this, synchronization procedures on both dedicated NR sidelink carriers and shared sidelink carriers need to be considered. UEs operating in the dedicated sidelink carrier may be connected via Uu interface to networks of different operators and those networks cannot be assumed to be synchronized. It is also possible that some UEs do not have Uu connection at all. It is therefore preferable to use some universally available timing source in the dedicated carrier. GNSS systems are usually steered to external universal timing source like UTC. gNBs can also be synchronized to external timing source that is used universally.

Proposal 1: In the dedicated NR sidelink carriers GNSS based timing is preferred.

In the shared carrier multiplexing of sidelink and Uu transmissions to the same carrier is easier if subframe/slot boundaries of Uu and sidelink are aligned. Because of this, network-based timing should be prioritized in the shared carriers. NR networks can be implemented so that gNBs are synchronized or unsynchronized. If gNBs in the network are unsynchronized then sidelink transmissions between UEs that are in the coverage area of different gNbs can be a problem. Bandwidth part concept introduced in NR supports different numerologies in the carrier. It could be studied, if the solution where sidelink transmissions are synchronized to GNSS and allocated to a specific BWP should be used in the shared carrier when gNBs are not synchronized. Another option is to conclude that NR sidelink operation in the shared carrier is only supported when the gNBs in the carrier are synchronized.

Proposal 2: In the shared carrier, gNB based timing is the highest priority synchronization source for sidelink transmissions. Study further how to support sidelink in the shared carrier when gNBs in the network are unsynchronized.


NR V2X UEs may or may not have the capability to receive LTE Uu or sidelink. It should be decided if LTE based timing is supported for NR sidelink, when UE is capable of receiving LTE Uu or sidelink. There are cases when LTE based timing could be considered:
· NR UE operates on dedicated sidelink carrier and prioritizes GNSS based timing: If the UE cannot receive GNSS or NR sidelink UE that is receiving GNSS, it could select LTE sidelink UE synchronized to GNSS as the synchronization source.
· NR sidelink UE operates on shared NR carrier and network-based synchronization is used: If the UE cannot receive gNB it could use eNB timing. It is likely that co-located gNB and eNB are synchronized to the same source. It could be that coverage area of eNB signals is larger than gNB signals and synchronization can be provided to more NR sidelink UEs, when LTE based signals are supported.
· Synchronization from LTE could be used in carriers where LTE Uu and NR sidelink share the same carrier. However, it is unclear if such a combination will be supported for NR sidelink.

As discussed above timing accuracy requirements for NR sidelink transmissions are different than in LTE. Synchronization based on LTE signals is sufficiently accurate when sub-carrier spacing is 15kHz. In case of higher SCS, the use of LTE based timing may be better option than not to use any external synchronization at all.

It should be noted that NR UE supporting UL transmissions on both NR and LTE networks, maintains different timing advance processes for LTE and NR UL also in the synchronous case. According to the TS 38.133 specification [2] UEs should be capable to handle MRTD (maximum UE receive timing difference) of 3µs in intra-band synchronous case. In this case collocated deployment of eNBs and gNBs is assumed. In the synchronous inter-band case MRTD of 33µs is supported. In this case base stations don’t need to be collocated. In NR, there is also discussion on supporting single timing advance operation for intra-band EN_DC, see eg. RAN1 LS [3] to RAN2. It seems reasonable that in the shared carrier case, when network-based timing is used, sidelink uses the same downlink synchronization signals that are used to synchronize UL transmissions. Otherwise multiplexing of UL and sidelink to the same carrier could be problematic.


Proposal 3: LTE UE could be used as a synchronization source at least in the dedicated carrier when GNSS timing is preferred and the NR sidelink UE cannot receive GNSS or synchronization signals from some other NR sidelink UE synchronized to GNSS.

Proposal 4: In the shared carrier when network timing is preferred and gNBs and eNBs are synchronized, eNB can be used as the synchronization source for NR SL if eNBs and gNBs are collocated. If eNB is not collocated with gNB, timing error due to propagation delay can be a problem and eNB should only be considered as low priority synchronization source.


In case of unicast or groupcast communication, synchronization source changes can be problematic when the UEs move in and out of the coverage area of GNSS or NR/LTE network and the highest priority synchronization changes and UEs need to resynchronize to the new source. Loss of synchronization could be avoided if the SLSS of a specific UE (e.g. platoon head) could be prioritized. Obviously, this kind of higher priority UE should use the highest priority synchronization source available for its own SLSS generation, so that all the transmissions in the same carrier use the same synchronization as much as possible. 

Proposal 5: In unicast and groupcast, the SLSS of a specific UE can be prioritized.


3	Discussion on SL synchronisation signal design
In RAN1#95 following agreements were made in relation to synchronisation channel designs:
	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



In this section we discuss on matters related to the SL SS design and S-SSB structure.
3.1 NR SL SS design
As per agreement made in RAN1#95, NR-Uu sequence design should be used as a starting point for S-PSS and S-SSS design. Using same or similar sequence design as for NR-Uu, has the merit that the UE detector can be (at least partially) re-used, removing the need to implement new detector algorithms adding complexity. 
One important factor to considering especially the design of S-PSS, is the orthogonalization against NR-Uu PSS and SSS. In LTE-V2X sidelink the roots of the PSS sequence were changed to prevent possible confusion by LTE Uu devices. When considering NR design, similar approach, by changing sequence properties, could also be considered. It could be considered adjusting either the cyclic shifts (selected based on ), adjusting the polynomial used, and/or the initialization. In addition to the sequence domain changes, also frequency domain orthogonalization could be considered for NR-V2X sidelink synchronisation signal. In NR based synchronisation design, the SSB is not required to be placed to the middle of the carrier, but can is placed freely (within) the carrier band. The valid locations of the SSB are defined by the synchronisation raster. However, as this would require in some extent agreeing the used synchronisation signal raster and also possibly affect the bandwidth of synchronisation block, it would probably be preferable first to determine if sufficient orthogonalization can be achieved by sequence design. 
Thus to ensure low complexity synchronization signal search for NR V2X SL, it could be desirable that the S-PSS would have low cross-correlation against NR-PSS, to prevent possible ‘false alarms’ for the legacy NR-Uu devices. On the other hand, it could be desirable to also to ensure also that the S-PSS does not correlate too well with NR-Uu SSS to prevent possible errors in NR-Uu cell ID detection (e.g. in case of collision). Of course, when NR V2X device does synchronisation search, it does not necessarily matter if, with the same search, also NR-Uu can be detected. It could, in certain sense also seen as a benefit.
As a first, from design perspective the simplest approach would be to use exactly same baseline m-sequence design as for NR-Uu, but use different cyclic shift values than in NR-Uu, ([0 43 86]) to achiever orthogonalization. For NR-PSS perspective this would ensure good cross-correlation properties and, as NR-PSS polynomial (145) is also used to generate the NR-SSS, thus the cross-correlation performance be good (2^((n+1)/2)+1=17)

Observation 1: It is possible to select different cyclic shift values from NR-PSS polynomial and achieve good cross-correlation performance against NR-SSS.

If it is seen desirable to use completely different polynomial to avoid any possible legacy device design artifacts, it would be possible to consider using different generator polynomial with same order/length. To achieve this, it could be possible to use the second generator polynomial used to generate NR-SSS sequence, 131 (i.e. x^7+x+1). This would also ensure good correlation properties against NR-PSS and NR-SSS. To ensure best cross-correlation properties against NR-PSS, the cyclic shifts would need to be selected. Cyclic shift values that have minimum cross-correlation value against all of the NR-PSS cyclic shifts are listed in Table 1.

Table 1: Cyclic shifts of polynomial 131 giving minimum cross-correlation against NR-PSS
	Generator polynomial
	Cyclic shifts

	131
	0
	56

	
	4
	67

	
	13
	74

	
	24
	99

	
	31
	100

	
	33
	117

	
	38
	118

	
	43
	122

	
	51
	



All but one of the remaining possible generator polynomials (of max 18) can also provide minimum cross-correlation against NR-PSS at least with one selected cyclic shifts (polynomial  137 does not give any). However their cross-correlation properties against NR-SSS, with the selected cyclic shifts (giving good cross correlation against NR-PSS) is not as good as with polynomials 145 and 131.

Observation 2: Other polynomials (of order 7) do not offer similar cross-correlation properties against both, NR-PSS and NR-SSS as polynomials 145 and 131. 

From detection performance perspective the side slopes time and frequency domain correlation magnitudes (i.e. ambiguity function) was evaluated for polynomial 131 and compared against NR-PSS properties. In Table 2 the max correlation peaks and mean correlation for the side slopes (excluding0 the main peak) are presented for both. Evaluation was done assuming time domain range of [-64…63] samples (no oversampling) and frequency domain range of [-11 … 11] tones. It can be seen that with selected cyclic shifts for polynomial 131 similar of better (time/frequency) ambiquity properties can be achieved as for NR-PSS.

Observation 3: M-sequence generated with polynomial 131 can achieve similar or better time and frequency domain correlation properties (ambiguity function) as NR-PSS.

Table 2: Correlation magnitudes for polynomials 131 and 145
	Polynomial 131
	Polynomial 145 (NR-PSS)

	Cyclic shift
	max. side lopes
	mean side lopes
	Cyclic shift
	max. side lopes
	mean side lopes

	0
	24.5564
	6.6915
	0
	21.3519
	6.6954

	4
	22.9556
	6.7171
	43
	20.8243
	6.6496

	13
	23.0613
	6.6980
	86
	21.1668
	6.6888

	24
	19.9906
	6.7365
	
	
	

	31
	20.6924
	6.6903
	
	
	

	33
	19.4044
	6.6821
	
	
	

	38
	19.3419
	6.7302
	
	
	

	43
	19.3502
	6.7680
	
	
	

	51
	18.6379
	6.7228
	
	
	

	56
	18.8715
	6.7436
	
	
	

	67
	20.0996
	6.7231
	
	
	

	74
	19.9881
	6.7097
	
	
	

	99
	18.9270
	6.7124
	
	
	

	100
	20.4296
	6.6853
	
	
	

	117
	23.4732
	6.6847
	
	
	

	118
	21.3719
	6.6626
	
	
	

	122
	23.3129
	6.6439
	
	
	



Following the above approach, it would seem possible to orthogonalize with NR-Uu design, by (re-)using the polynomial 131. Note that while in above analysis it was shown that there can be found multiple suitable values for cyclic shifts, the number supported for S-PSS should be considered based on total number of identities required and S-SSS design (number of supported IDs). 

Proposal 6: S-PSS is defined as:
· Frequency domain BPSK M-sequence based on polynomial 131 (dec)
· Number of cyclic shifts: FFS
· Initial shift register: FFS

Following the above discussion, in order to support the good correlation properties versus NR and S-PSS, it would be best if the NR-SSS design could be re-used.  To orthogonalize the S-SSS against NR-SSS, using different cyclic shifts and initialization should be considered.

Observation 4: To have good correlation properties against (proposed) S-PSS, re-using of NR-SSS for S-SSS is beneficial.

When considering the size of ID space to be supported, there could be benefit to consider different use-cases compared to LTE SL. In LTE the id space is divided between in-coverage and out-of-coverage and also the SL id is determined by gNB id (in-coverage). In NR there are different use-cases (unicast/groupcast) and additional synchronisation sources (GNSS, gNB, NR UE, and eNB). Thus, at least for in-coverage scenario if the source cell id is used to determine the id applied in SL id, the space should be sufficient to cover both eNB and gNB scenarios. Furthermore, it could be considered that the S-SSB ID space support identification of different use cases and synchronisation sources to facilitate the synchronisation procedure i.e. if prioritization rules are applied based on the synchronisation source of SL. Whether this information is carried via synchronisation signal or via PBCH(+DMRS) is FFS.

Proposal 7: Identity space supported by S-SSB accounts possibility to separate different synchronisation sources and possibly also use cases.
3.2 S-SSB design
In relation to defining the bandwidth for the synchronization block following agreements were made:
	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 PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL





In NR-Uu the SSB bandwidth of 20PRBs together with the selection of used scs for a given minimum system bandwidth, allows the synchronization raster to be relaxed for a given band. I.e. the SS raster does not need to follow the RF channel raster. To allow keeping the search complexity be kept low it would seem preferable to enable the this also for NR V2X SL. As per agreement in RAN1#94bis, NR V2X SL should support same sub-carrier spacings as NR-Uu for a given frequency range i.e. {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2. Following the agreement in last meeting, the same sub-carrier spacings would need to be supported for S-SSB as well. Considering the BW options for S-SSB it can be seen when considering the possible system bandwidth configurations, as illustrated in Table 4, that if 24 PRB S-SSB is used, the synchronization signal raster would need to be same as RF channel raster.

Table 3: SSB bandwidths
	Sub-carrier spacing
[kHz]
	20 PRB  SSB BW [MHz]
	24 PRB  SSB BW [MHz]

	15
	3,6
	4,32

	30
	7,2
	8,64

	60*
	14,4
	17,28

	120
	28,8
	34,56

	240*
	57,6
	69,12

	Note: 60kHz is not supported for NR-Uu SSB, but supported for NR V2X SL SSB and 240kHz is not supported for NR V2X SL



Table 4. NR transmission BW configurations
	Sub-carrier spacing
[kHz]
	Transmission BW configuration
[MHz]
	NRB

	15
	5
	25

	30
	10
	24

	60
	20
	24

	120
	50
	32




Observation 5: To enable maintaining SS raster low, for simplifying the initial search for SL, narrower SL-SSB BW would be preferable. 

The lower limit for SSB bandwidth is restricted in some sense by the synchronization signal bandwidth/sequence length and mapping), but mostly by the PBCH performance. In NR-Uu, when the total SSB bandwidth was reduced from initial 24PRBs to 20PRBs, the RBs reserved for PBCH were maintained by using the RB around SSS. To facilitate efficient beam sweeping the number of symbols was not increased (i.e. fitting 2 SSBs per slot and 64 SSBs at max). In NR V2X side link, it has not yet been agreed what is the maximum number of broadcast beams (i.e. S-SSB) that would need to be supported, and it is dependent on device design, but it would seem reasonable to assume that the maximum can be significantly reduced compared to NR-Uu. Therefore, it would seem possible to increase the symbol duration of the S-SSB compared to NR-Uu SSB, without causing significant overhead in SL, to keep the S-SSB limited. Furthermore as it can be assumed that total available power is used to transmit the S-SSB always, increasing the S-SSB bandwidth does not provide increase in received energy. 

Observation 6: Due to expectation that the number of beams/SSBs to be supported is significantly lower than in NR-Uu, it would seem possible to extend the time domain allocation of S-SSB, to restrict the bandwidth.  

In terms of further design of S-SSB time domain structure, it would need to be understood how many symbols are available for PBCH. In NR-Uu SSB design, PBCH decoding performance is limiting factor in terms of the one-shot performance. Thus, if the coverage of S-SSB is to be increased (with similar payload) the number of symbols would need to be increased. Also, like discussed in last meeting [4], to ensure good coverage of the SL in LTE, the synchronization signals is repeated over two consecutive symbols. Assuming that the total available transmit power is same for LTE and NR sidelink (and used fully to transmit the synchronisation signals), it is evident that for LTE sidelink UE can obtain 3dB more power by receiving the two consecutive symbols, compared to the NR-Uu SSB design. As the total transmit power is limited this difference cannot be compensated by increasing the synchronisation signal bandwidth. Hence, to have similar detection performance as for LTE SL, it would seem preferable to consider repeating also the S-PSS and S-SSS.
Assuming that the number of beams to be supported is lower, it could be taken as a baseline approach that slot needs to accommodate only one S-SSB. Then the number of available symbols per SSB would be upper bound by the number of symbols in slot. Following from the agreements made in RAN1#95, that S-SSB should support same numerology as PSCCH/PSSCH, i.e. both normal and extended CP at least for 60kHz, the S-SSB design should account both 14 symbol and 12 symbol slot structure. For simplicity would be preferable if the S-SSB design would be common for NCP and ECP, but as UEs need to consider different hypothesis for CP detection, it may not be strictly required. Note that if PSS is repeated over two symbols, the concatenated PSS symbols could be used to detect the applied cyclic prefix.

Observation 7: S-SSB design needs to support both, 14 symbol and 12 symbol slots structure. As UE needs to resolve CP ambiguity, it may not be strictly required that S-SSB design is common for NCP and ECP.

Proposal 8: For S-SSB design, consider repeating the S-PSS and S-SSS in S-SSB.

Additional aspect of the time domain design is whether there is need to preserve, like in NR-Uu, preserve symbols from the start and end of the slot for DL/UL control. In NR-Uu, it was assumed that cell could schedule data on RBs not occupied by SSB, but in case of SL this would not seem necessity from power budget perspective. Thus assuming that no symbols are reserved for control at the beginning of the slot, and that common basic structure targeted for NCP and ECP, PBCH could accommodate 8 symbols in maximum. This would allow doubling the energy compared to NR-Uu design. This would also enable leaving, for 14 symbol slot format, 2 symbols free, e.g. at the end the slot. Also to facilitate the CP hypothesis determination, S-PSS and S-SSS symbols could be mapped in non-consecutive symbols. 

Proposal 9: Extend the SL-PBCH in time e.g. to 8 symbols. 
[image: ]
Figure 1. Illustration of possible NR-V2X S-SSB design


4	Conclusions
In this contribution, we have discussed synchronization aspects of NR V2X. In Section 2, we have the following proposals in relation to synchronisation procedures:
Proposal 1: In the dedicated NR sidelink carriers GNSS based timing is preferred.
Proposal 2: In the shared carrier, gNB based timing is the highest priority synchronization source for sidelink transmissions. Study further how to support sidelink in the shared carrier when gNBs in the network are unsynchronized.
Proposal 3: LTE UE could be used as a synchronization source at least in the dedicated carrier when GNSS timing is preferred and the NR sidelink UE cannot receive GNSS or synchronization signals from some other NR sidelink UE synchronized to GNSS.
Proposal 4: In the shared carrier when network timing is preferred and gNBs and eNBs are synchronized, eNB can be used as the synchronization source for NR SL if eNBs and gNBs are collocated. If eNB is not collocated with gNB, timing error due to propagation delay can be a problem and eNB should only be considered as low priority synchronization source.
Proposal 5: In unicast and groupcast, the SLSS of a specific UE can be prioritized.

In Section 3.1 we discussed the SL synchronisation signal design, namely PSS and SSS and made following proposals and observations:
Observation 1: It is possible to select different cyclic shift values from NR-PSS polynomial and achieve good cross-correlation performance against NR-SSS.
Observation 2: Other polynomials (of order 7) do not offer similar cross-correlation properties against both, NR-PSS and NR-SSS as polynomials 145 and 131. 
Observation 3: M-sequence generated with polynomial 131 can achieve similar or better time and frequency domain correlation properties (ambiguity function) as NR-PSS.
Proposal 6: S-PSS is defined as:
· Frequency domain BPSK M-sequence based on polynomial 131 (dec)
· Number of cyclic shifts: FFS
· Initial shift register: FFS
Observation 4: To have good correlation properties against (proposed) S-PSS, re-using of NR-SSS for S-SSS is beneficial.
Proposal 7: Identity space supported by S-SSB accounts possibility to separate different synchronisation sources and possibly also use cases.

The S-SSB design has been discussed in Section 3.2 and following observations and proposals have been made:
Observation 5: To enable maintaining SS raster low, for simplifying the initial search for SL, narrower SL-SSB BW would be preferable. 
Observation 6: Due to expectation that the number of beams/SSBs to be supported is significantly lower than in NR-Uu, it would seem possible to extend the time domain allocation of S-SSB, to restrict the bandwidth.  
Observation 7: S-SSB design needs to support both, 14 symbol and 12 symbol slots structure. As UE needs to resolve CP ambiguity, it may not be strictly required that S-SSB design is common for NCP and ECP.
Proposal 8: For S-SSB design, consider repeating the S-PSS and S-SSS in S-SSB.
Proposal 9: Extend the SL-PBCH in time e.g. to 8 symbols. 
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