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In RAN1#95, the following were agreed for SL synchronization [1]:
Agreements:
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster
Agreements:
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
· Alt1: 24 PRBs 
· Alt2: 20 PRBs  
· Other values are not precluded
Agreements:
· For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.
· Others are not precluded.
Agreements:
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
· The length of S-PSS and S-SSS sequences
· If and how to distinguish from NR Uu PSS and SSS sequences
· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 
· Use cases of NR SL-SSID should be addressed
Agreements:
· Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.
· Detection probability of S-PSS/S-SSS
· Decoding BLER of PSBCH
· Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR)  on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
· Discuss further offline payload size of PSBCH  to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

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

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference
Scenario 2: effect of interference includes in the model
	Scenario 1: no interference


	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency



Agreements:
· The study of NR V2X synchronization includes synchronization based on S-SSB  
· The study also includes use of other sidelink signals/channels (e.g., other RSs in the SL, using PSSCH, using PSCCH, etc.) for the sidelink synchronization

In this contribution, further considerations on the V2X synchronization designs and mechanisms building on the above agreements are presented. 
Sidelink synchronization signal designs
S-SSB structure
In LTE SLSS there are two PSSS, two SSSS, 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: LTE V2X SLSS/PSBCH structure
In RAN1#95, the SCS of {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2 have been agreed for the sidelink SSB (S-SSB). These agreements allow for the adaptation of many other aspects of NR SSB structure with minimal specification effort. They are described in the following sections.
It was agreed in RAN1#94bis that NR V2X sidelink synchronization signals and PSBCH use NR SSB structure as the starting point including sidelink PSS (S-PSS), sidelink SSS (S-SSS). Figure 2 shows a possible S-SSB structure, which consist of 6 symbols with {S-PSS, S-PSS, S-SSS, S-SSS, PSBCH, PSBCH}.  Note that S-PSS, S-SSS are repeated twice as LTE V2X to support better detection performance in high speed scenarios, e.g. 250km/s. The first S-PSS symbol can be also used for AGC purpose. 
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Figure 2: S-SSB Structure
Proposal 1: NR-V2X supports the S-SSB structure which consists of 6 symbols with {S-PSS, S-PSS, S-SSS, S-SSS, PSBCH, PSBCH}.

S-SSB bandwidth
It has been agreed that the transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP. While this is an intuitive agreement, it is also FFS on the actual transmission BW for S-SSB and sync raster. Since both licensed and ITS bands should be supported by NR-V2X, it is natural to limit the S-SSB bandwidth within the UE supported minimum bandwidth. 
Principle 1: As in NR SSB, the S-SSB bandwidth should be within the UE supported minimum bandwidth. 
It is agreed that the numerology of S-SSB is the same as that of control and data channel. The SS/PBCH bandwidth is also related to the UE minimum bandwidth for the UE to access the network. Table 1 lists the bandwidth requirements for different potential PRB settings per SCS.
Table 1: Bandwidth required for S-SSB
	BW
	6 PRB
	12 PRB
	20 PRB
	24 PRB

	15 kHz
	1.08 MHz
	2.16 MHz
	3.6 MHz
	4.32 MHz

	30 kHz
	2.16 MHz
	4.32 MHz
	7.2 MHz
	8.64 MHz

	60 kHz
	4.32 MHz
	8.64 MHz
	14.4 MHz
	17.28 MHz

	120 kHz
	8.64 MHz
	17.28 MHz
	28.8 MHz
	34.56 MHz

	240 kHz
	17.28 MHz
	34.56 MHz
	57.6 MHz
	69.12 MHz



For band n34 (2010 MHz – 2025 MHz TDD band), UE only supports 10 and 15 MHz channel bandwidths for 60 kHz. For this band, 24 PRBs will exceed the UE supported channel bandwidth. Based on principle 1 above, 24 PRBs is not suitable for S-SSB bandwidth as it exceeds the UE supported channel bandwidth for band n34. With transmission bandwidth of 20 PRBs, the minimum needed channel bandwidth would be 15 MHz as illustrated above. 

S-PSS and S-SSS sequences
It was agreed that at least for evaluation purpose, for the 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. For NR, the PSS and SSS sequences are designed to meet the requirements and scenarios described in TR 38.913. Specifically, the PSS is a single m-sequence while the SSS is a Gold sequence with length 127 and importantly, the supported number of PCI is also increased to 1008 which is twice the number supported in LTE. 
Therefore, our view is that the sequence designs of S-PSS/S-SSS should be based on NR PSS and SSS sequence unless it is shown to be inadequate which cannot satisfy the requirement of V2X use cases. Hence, the following principle should be applied for NR V2X S-SSB sequence design:
Principle 2: The NR SS sequence design is reused for NR V2X S-PSS and S-SSS. Specifically, for NR V2X:
The length of S-PSS and S-SSS is 127
m sequences are used for S-PSS
Gold sequences are used for S-SSS

Possible scenarios in which further adaptation of the above principle may be needed are described below.
Scenario 1: 
When sidelink transmission is within a licensed band with the Uu link, the protection of the reception of Uu link is important. Ways to avoid interference between sidelink and Uu link should be provided. One approach for example, if UL carrier is used for sidelink, power control mechanism can be used to limit the interference to Uu link base station reception. Power control mechanisms for V2X are addressed in our companion contributions [2], [3]. Another example is the sidelink sequences should have low cross-correlation with the Uu link synchronization sequences. 
Principle 3: For licensed bands, the protection of the reception of Uu link SSB must be taken into consideration. 
Scenario 2: 
For in-coverage scenario, the frequency locations of S-SSB can be configured to avoid UE blind detection of the S-SSB through the sync raster. For out-of-coverage UE, the S-SSB should be placed in predefined frequency raster locations. To help differentiation between SS/PBCH and S-SSB to avoid additional detecting complexity to NR Uu link UE or NR V2X UE in the licensed TDD band, the GSCN of S-SSB can be different with NR SSB GSCN. This aspect should be addressed by RAN4.
Principle 4: RAN4 should study the feasibility to design different GSCN for S-SSB with NR SSB.  
Even with S-SSB on different rasters than NR SSB rasters, the impact of NR SSB for RRM to S-SSB should be considered, as SSB for RRM can be placed in any ARFCN. RAN4 feedback would be needed and in the meantime, alternative RAN1 solutions may be considered. One possible approach is to differentiate the sequence between S-PSS/S-SSS with NR PSS/SSS by using different cyclic shifts. 
Principle 5: For the S-PSS and S-SSS sequences, the polynomial family as defined for NR Uu PSS and SSS can be re-used for the S-PSS and S-SSS; and different cyclic shifts can be applied.

Next, three different SSBs structures are evaluated in terms of sequence detection probability and the results are given in Figure 3: 
Alt 1: S-PSS – PSBCH – S-SSS – PSBCH, sequence length of 127.
Alt 2: S-PSS – S-PSS – PSBCH – S-SSS – S-SSS – PSBCH, sequence length of 127.
Alt 3: S-PSS – S-PSS – S-SSS – S-SSS – PSBCH – PSBCH, sequence length of 127.
Alt 1 directly reuses the NR-SSB structure and its sequence generator [5]. Alt 2 and Alt 3 repeat S-PSS and S-SSS to support high speed scenarios. We can observe that both Alt 2 and Alt 3 can achieve better detection probability than Alt1 with 94.6% to 97.5% detection probability at -6 dB SNR at 3 km/h, respectively. Alt 3 outperforms Alt2 at 120 km/h and 250 km/h, as P-SSS is closer to S-SSS which can provide better channel estimation performance for S-SSS detection.
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Figure 3: S-SSB detection probability: 6 GHz, 60 kHz SCS, CDL-C

Observation 1: Length-127 S-PSS and S-SSS sequence with S-PSS – S-PSS – S-SSS – S-SSS – PSBCH – PSBCH provides good detection performance under different speeds. 
Proposal 2: NR-V2X supports length-127 S-PSS and S-SSS sequences.

In NR, each of the three PSS sequences generated from one length-127 m-sequence by cyclic shift provides 336 different sequences. The PCI as defined in 38.211 is copied below: 
	There are 1008 unique physical-layer cell identities given by

	
where  and .




How many  are needed to derive S-PSS sequence depends on the necessity of indicating the SLSS ID for the different deployments and use cases. For NR-V2X, both in-coverage and out-of-coverage should be supported. With the definition below, at least two  values are needed which generate SLSS ID set in {0, 1, … , 335} with  for in-coverage and SLSS ID set  in {336,337,,…,669} when  for out-of-coverage.


Proposal 3: The total number of SLSS IDs supported of no more than 1008 is sufficient for NR V2X: 
· At least two  values are defined for the generation of the S-PSS sequences, one defined for in-coverage and another one defined for out-of-coverage. 

Time domain mapping pattern of multiple S-SSBs within a S-SSB set
In RAN1#94bis, it was also agreed to support periodic transmission of S-SSB in NR-V2X. One or more S-SSBs can be transmitted by a periodic way. In our view, multiple S-SSBs transmitted within an S-SSB burst set can provide a unified structure to enable multiple-beam sidelink transmission in FR2. In NR, maximal L (L=4/8/64 for <3 GHz/3~6 GHz/>6 GHz) SSBs can be transmitted within 5 ms SS burst set. Following the same principle, maximal L_v2x S-SSB can be transmitted within a same 5 ms S-SSB burst set. As UE transmits S-SSB in UL slot for licensed band, the maximal L_v2x and the mapping pattern of S-SSB within S-SSB burst set should be reconsidered by taking into the typical DL/UL configurations (e.g. 4:1, 7:3, 8:2) into account. 
Observation 2: For licensed band, the mapping pattern of S-SSB within S-SSB burst set should take the typical DL/UL configurations into account.
Note that in our view, S-SSB consists of at least 6 symbols and we suggest only one S-SSB is transmitted in one slot, and the S-SSB symbols are located at the fixed position within the slot, from the 5th to 10th symbols.
· For below 3GHz, we suggest L_v2x =2 with 15/30/60 kHz as shown in Figure 4, where S-SSB1 and S-SSB2 are located at the last two slots within 5 ms duration S-SSB burst set (S-SSB burst set can be always located at the second half radio frame).
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Figure 4: S-SSB mapping patterns for below 3GHz
· For 3~6 GHz, we suggest L_v2x =4 as shown in Figure 5, where S-SSBs are located at the last four slots within the 5ms duration S-SSB burst set for 15 kHz, and slot 4~5 and 9~10 for 30 kHz, and slot 9~10 and 19~20 for 60 kHz, which can satisfy the TDD configuration 4:1, 7:3 and 8:2.
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Figure 5: S-SSB mapping patterns for 3~6 GHz
· For above 6 GHz, we suggest L_v2x =8 with 60/120 kHz as shown in Figure 6, following same design as for 3~6 GHz.
[image: ]
Figure 6: S-SSB mapping patterns for above 6 GHz
Proposal 4: NR V2X supports number of SSB up to L_v2x (L_v2x=2/4/8 for <3 GHz/3~6 GHz/>6 GHz) SSBs transmitted within a 5ms S-SSB burst set.

S-SSB and sidelink control/data multiplexing
In this section, the issue of whether and how to multiplex S-SSB with control/data in the same slot is discussed. In LTE, the whole subframe is used only for SLSS transmission. No data are allowed in the subframe considering the half-duplex limitation to the SLSS transmitter. However, for NR-V2X, there are critical time delay requirements. If the synchronization slot is used only by S-SSB, additional time delay will be introduced for other transmissions and system overhead of the S-SSB slot will be relatively high, especially compared to the NR Uu design. Hence, multiplexing S-SSB with data in the same slot should be supported. 
The mapping pattern within the slot based on PSSCH/PSSCH multiplexing option 3 is shown in Figure 7. S-SSB symbols can be located at the 5th to 10th symbols within the slot. 
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Figure 7: S-SSB and control/data multiplexing

For rate matching purpose when UE receiving data in slot with S-SSB, UE shall assume that PRBs containing S-SSB are not available for PSSCH in the OFDM symbols where S-SSB is transmitted according the indication of actual transmitted S-SSB from transmitting UE. 
Proposal 5: NR V2X support multiplex S-SSB with control/data in the same slot. 

PSBCH
In Rel-15 NR Uu, there are total 56 bits (i.e. 32 bits payload plus 24 bits CRC) in PBCH. In NR V2X, system information should be delivered via MIB to facilitate the upcoming sidelink control and data channel transmission. The following PSBCH content should be considered in which a total 48 bits for the PSBCH content are supported.
 

	MasterInformationBlock-NR-V2X
	bits
	Notes

	sl-Bandwidth
	4
	

	tdd-ConfigSL
	[10]
	

	directFrameNumber
	10
	

	S-SSB time index
	3
	L_v2x=8

	inCoverage
	2
	In coverage for eNB coverage or gNB coverage, or out of coverage

	reserved
	19
	

	Total
	48
	



The PSBCH decoding performance depends on the following aspects: 
· The S-SSB structure. Different S-SSB structures imply different receiver detection algorithms, which will impact the channel estimation method and decoding performance. 
· The effective code rate. If the payload size is fixed, the effective code rate depends the PSBCH bandwidth and number of symbols. 
· The bandwidth of PSBCH. For a given effective code rate, a smaller bandwidth of PSBCH allows larger power boosting per RE, leading to higher received SNR. However, larger high system overhead will be as a result and the sequence performance will be impacted by the smaller bandwidth. 
The evaluation results for the 12 PRB and 20 PRB cases are shown in Figure 8. For both cases, the PSBCH payload size is assumed to be the same, which contains 48 bits calculated from the aforementioned PSBCH payload. It is observed that for both 12 and 20 PRB cases, the PSBCH decoding performance can achieve the 1% BLER at -5.5dB SNR in different speed scenarios. Note that the 12 PRB design can achieve more spectrum efficiency than the 20PRB design. 
               			    [image: ]
Figure 8: PSBCH decoding probability

Observation 3: Both 12 PRB and 20 PRB S-SSB produce acceptable and comparable PSBCH decoding performance, for 48 bits PSBCH content size. 
Proposal 6: NR V2X supports 48 bits PSBCH payload size as a baseline. 

Synchronization procedures 
For LTE V2X, a UE may transmit SLSS when it is configured by the network with dedicated signaling (network-based) or when the UE is not configured by dedicated signaling or it is out of coverage (UE-based). For the UE-based case, the SLSS transmission can be triggered when the RSRP/S-RSRP of the synchronization reference measured at the UE is below a threshold, where the threshold is broadcasted by the network when in coverage or the threshold is preconfigured when out of coverage. The above flexibility for LTE SLSS transmission should be supported for NR-V2X as well: 
Proposal 7: NR-V2X synchronization should support: 
Network configured transmission of SLSS; and 
UE triggered transmission of SLSS with defined triggering condition.

As discussed above, the S-SSB structure of NR V2X supports the transmission of SLSS in multiple beams, either in the same beam multiple times or in different beams. The transmission of SLSS in certain beams may not be efficient. For example, transmission of SLSS in the beams used for reception of SSBs from the gNB, may lead to interference without providing increased coverage for the synchronization information, as mentioned in our companion paper[4]. To avoid this interference, the beams used for the SLSS transmission should be different than the beams used for the reception of SSBs from the gNB.
Proposal 8: For UE triggered transmission of SLSS, the UE transmits SLSS in a beam which satisfies the triggering conditions based on measurements on that beam, where the triggering conditions are either provided by the gNB or preconfigured.

When both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the same priority should be assumed. However the timing difference between eNB and gNB should be also considered since NR Uu link support different timing between eNB and gNB. A single sidelink timing should be achieved when the timing between eNB and gNB is different. An RSRP/RSRQ threshold can be used for UE to choose a suitable synchronization source, as proposed above, although the different numerologies between Uu link and sidelink should be considered in order to derive the slot number in the sidelink. 
For out-of-coverage UE and if no GNSS is available, the UE will need to rely on received SLSS. In order to prioritize among the received SLSSs, the UE has to obtain information on the type of synchronization source of the UE transmitting the SLSS and/or the number of hops from its original synchronization source. Providing this type of information by the SLSS and/or PSBCH assists the receiving UE to quickly select and synchronize to the desired incoming signal sent by the highest priority UE. 
Proposal 9: NR V2X sidelink synchronization supports the following:
gNB and eNB as synchronization sources with equal priority. Both timing sync and timing async gNB and eNB operations are supported. 
 Indication of the synchronization source type and number of hops through the S-SSB and/or PSBCH. 

In LTE, only two hops from the GNSS to the UE are supported: {hop 0: UE1 directly synchronizes to GNSS, hop 1: UE2 synchronizes to UE1}. The related agreements from LTE V2X are as follows: 
Agreements:
· If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 
· P1: GNSS
· P2: the following UE has the same priority:
· UE directly synchronized to GNSS
· UE directly synchronized to eNB 
· P3: the following UE has the same priority:
· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)
· UE indirectly synchronized to eNB 
· P4: the remaining UEs have the lowest priority.
· The priority order between P1 and P2 can be (pre-) configured.
· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 
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Figure 9: Multiple hops from GNSS
After the UE has obtained timing from some type of synchronization source, the frequency error would be within ±0.1 PPM observed over a period of 1 ms. Thus, the frequency error is much better than the UE’s initial frequency offset. Assume there are n-hops from the GNSS, the maximum frequency offset between any two UEs is 0.2*n PPM. For example, if n = 5, the maximum frequency offset is 1 PPM which is still much smaller than 5 PPM. As shown in Figure 3, if UE2 and UE3 can further forward the timing to UE4, then all the UEs from UE1 and UE5 has the same timing with GNSS. The worst frequency offset between UE1 and UE5 is 1PPM. 
But if UE5 can detect UE1 transmitted SLSS, then the UE5 would synchronize to UE1. If UE2 and UE3 cannot forward the timing from GNSS, then UE3 will detect the S-SSB both from UE4 and UE2, and their timing will be different. It will increase some trouble for UE3 to detect multiple different sidelink timing, e.g. more interruption on its sidelink transmission and reception; longer detection time, etc. 
Proposal 10: NR-V2X supports more than 2 hops of timing forwarding from GNSS. 

Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals are listed in the following:
Proposal 1: NR-V2X supports the S-SSB structure which consists of 6 symbols with {S-PSS, S-PSS, S-SSS, S-SSS, PSBCH, PSBCH}.
Principle 1: As in NR SSB, the S-SSB bandwidth should be within the UE supported minimum bandwidth. 
Principle 2: The NR SS sequence design is reused for NR V2X S-PSS and S-SSS. Specifically, for NR V2X:
The length of S-PSS and S-SSS is 127
m sequence(s) is used for S-PSS
Gold sequences are used for S-SSS

Principle 3: For licensed bands, the protection of the reception of Uu link SSB must be taken into consideration. 
Principle 4: RAN4 should study the feasibility to design different GSCN for S-SSB with NR SSB.  
Principle 5: For the S-PSS and S-SSS sequences, the polynomial family as defined for NR Uu PSS and SSS can be re-used for the S-PSS and S-SSS; and different cyclic shifts can be applied.

Proposal 2: NR-V2X supports length-127 S-PSS and S-SSS sequences.
Proposal 3: The total number of SLSS IDs supported of no more than 1008 is sufficient for NR V2X: 
· At least two  values are defined for the generation of the S-PSS sequences, one defined for in-coverage and another one defined for out-of-coverage. 

Proposal 4: NR V2X supports number of SSB up to L_v2x (L_v2x=2/4/8 for <3GHz/3~6GHz/>6GHz) SSBs transmitted within a 5ms S-SSB burst set.
Proposal 5: NR V2X support multiplex S-SSB with control/data in the same slot. 
Observation 3: Both 12 PRB and 20 PRB S-SSB produce acceptable and comparable PSBCH decoding performance, for 48 bits PSBCH content size. 
Proposal 6: NR V2X supports 48 bits PSBCH payload size as a baseline. 
Proposal 7: NR-V2X synchronization should support: 
Network configured transmission of SLSS; and 
UE triggered transmission of SLSS with defined triggering condition.
Proposal 8: For UE triggered transmission of SLSS, the UE transmits SLSS in a beam which satisfies the triggering conditions based on measurements on that beam, where the triggering conditions are either provided by the gNB or preconfigured.
Proposal 9: NR V2X sidelink synchronization supports the following:
gNB and eNB as synchronization sources with equal priority. Both timing sync and timing async gNB and eNB operations are supported. 
 Indication of the synchronization source type and number of hops through the S-SSB and/or PSBCH. 
Proposal 10: NR-V2X supports more than 2 hops of timing forwarding from GNSS. 

Observation 1: Length-127 S-PSS and S-SSS sequence with S-PSS – S-PSS – S-SSS – S-SSS – PSBCH – PSBCH provides good detection performance under different speeds. 
Observation 2: For licensed band, the mapping pattern of S-SSB within S-SSB burst set should take the typical DL/UL configurations into account.
Observation 3: Both 12 PRB and 20 PRB S-SSB produce acceptable and comparable PSBCH decoding performance, for 48 bits PSBCH content size. 



Annex: Simulation assumptions
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL-C, ds = 30ns
	CDL-C, ds = 100ns

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

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference
Scenario 2: effect of interference includes in the model
	Scenario 1: no interference


	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
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S-SSB detection probability, 3km/h.
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S-SSB detection probability, 120km/h.

098

0.96

0.92

09

0.88

0.86

== Al
-e-ar
—a— A3





image5.png
S-SSB detection probability, 250km/h.
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PSBCH decoding performance, SCS = 60kHz
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