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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

· Remaining details of S-SSB structure
· Sequence design of sidelink synchronization signals
· Transmission of S-SSB

· S-SSB index

· QCL assumption for S-SSB

· PSBCH content

· DM-RS of PSBCH

· Scrambling of PSBCH

Synchronization procedure

· Overall sidelink synchronization procedure

· S-SSB RSRP measurement
· Triggering conditions for S-SSB transmission

2 S-SSB Design
In RAN1 #98bis [1], the following agreements on S-SSB design were made. 
	Agreements:

· The following fields with “green” background are agreed

PSBCH contents

Number of bits

Notes

DFN
Indication of TDD configuration

System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

SL-BWP information
In-coverage indicator

Type of sync source
Slot index within a subframe

???

CRC

24

Total bits

Agreements:

672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 

· Set id_net {0, 1, …, 335}

· Set id_oon{336, 337, 338, …, 671}

· The usage of 0 is the same as 0 as in LTE

· The usage of 336 is the same as 168 as in LTE

· The usage of 337 is the same as 169 as in LTE

Agreements:

· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.


And a further agreement was made by email: 

	Agreements:

· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping

· Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)

· Same DM-RS sequence generation with NR Uu PBCH

· length-31 Gold sequence with QPSK modulation

· FFS DM-RS RE position shift in frequency domain

· FFS the number of PSBCH symbols that contain DM-RS


This section discusses remaining details and open issues for S-SSB design.
2.1 Remaining details of S-SSB structure

In the RAN1 meeting #98 [2], the S-SSB structure was agreed, for both normal CP and extended CP cases. There is one remaining detail on the antenna port for the transmission of signals and channels in S-SSB. In NR Uu, the synchronization signals and PBCH (including its DM-RS) are transmitted using the same antenna port, such that synchronization signals could be utilized, together with the dedicated DM-RS of PBCH, for the decoding of PBCH, subject to UE’s implementation. It was testified that utilization of synchronization signals as DM-RS could improve the decoding performance of PBCH. We believe a similar principle should be adopted for S-SSB as well, and have the following proposal. 
Proposal 1: The same antenna port is used for the transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH.

2.2 Sequence design of synchronization signals

One remaining issue for SLSS is regarding the sequence mapped to the two S-PSS symbols and two S-SSS symbols, wherein a working assumption was made in RAN#97 [3] that same sequence is used. There was one discussion point that whether further information, e.g. synchronization source priority, could be carried by the S-PSS sequence, e.g. by using different combination of sequences for S-PSS, however, there is no strong motivation to carry such information as early as in the S-PSS sequence, and it will lead to performance degradation and complexity increment. Hence, we didn’t see the need to revert or modify the working assumption, and have the following proposal. 

Proposal 2: Confirm the following working assumption: 

	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


The sequence for generating S-PSS shall be strived for being orthogonal with NR Uu PSS and SSS, such that the ambiguity of time/frequency synchronization could be minimized. For this purpose, reusing the polynomial and initial condition of NR Uu PSS sequence but with new cyclic shifts is the more straightforward way. 

Proposal 3: The sequence of S-PSS is based on the same generator and initial condition of NR Uu PSS sequence, and uses two different cyclic shifts from NR Uu PSS sequence: 21 corresponding to 
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Since the number of synchronization IDs is proposed to be smaller than NR Uu, the method for generating NR Uu SSS sequences (including the polynomial of generator and initial condition) can be reused for S-SSS. Hence, we have the following proposal for S-SSS sequence, which is the same as NR Uu, with noting that 
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only (i.e., the only difference from NR Uu SSS sequence). 
Proposal 4: The sequences for generating S-SSS can be down-selected from the sequences for generating NR Rel-15 SSS, such that
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2.3 Transmission of S-SSB
In RAN1 meeting #98 [2], it was agreed to support transmission of one or multiple S-SSBs within one S-SSB period of 160 ms, wherein the number of transmitted S-SSBs is (pre-)configured and the candidate values are determined according to the supported SCS of S-SSB. One remaining issue is to determine the slots wherein the S-SSBs are transmitted. 
For NR V2X, there is a need to support single transmission burst within a S-SSB period of 160 ms, such that the transmission of S-SSBs can be as compact as possible in time domain, which is similar to NR Uu. Moreover, there is also a need to distribute the transmitted S-SSBs into multiple bursts within a S-SSB period of 160 ms, such that each transmission burst may not occupy too much duration, especially when a large number of S-SSBs are (pre-)configured. In order to support both transmission patterns, we propose to introduce a parameter referring the number of transmission bursts within a S-SSB period, wherein the parameter is (pre-)configured. Meanwhile, a (pre-)configured offset indicating the location of the starting location of each transmission burst should also be supported, similar to LTE V2X, to allow the flexible transmission locations within a S-SSB period. 

Figure 1 illustrates an example of (pre-)configurable transmission patterns of S-SSBs, where an offset and a number of bursts within a S-SSB period are part of the (pre-)configuration. A sidelink UE can determine the slots containing S-SSBs based on the (pre-)configured offset and number of bursts. 
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Figure 1 Illustration of the (pre-)configurable transmission patterns of S-SSBs.
Proposal 5: Support (pre-)configurable transmission patterns of S-SSBs by using:

· A (pre-)configured number of transmission bursts within a S-SSB period;

· A (pre-)configured offset for the transmission of S-SSBs within a S-SSB period.

2.4 S-SSB index

In the last RAN1 meeting [1], it was agreed to support transmission of one or multiple S-SSBs within one S-SSB period of 160 ms, wherein the number of transmitted S-SSBs is (pre-)configured and the candidate values are determined according to the supported SCS of S-SSB. In order to determine the timing within the S-SSB period, and also to determine the QCL assumption within a S-SSB period, it is necessary to support an S-SSB index, similar to NR Uu. 

In NR Uu, an SSB index can take value from 0 to Lmax-1, wherein Lmax is the maximum number of SSBs supported per a carrier frequency range. For NR sidelink, since the number of transmitted S-SSBs is (pre-)configured, the sidelink UE can assume the S-SSB index takes value from 0 to NSSB-1, wherein NSSB is the (pre-)configured number of transmitted S-SSBs. 

Moreover, similar to NR Uu, the S-SSB index or part of the S-SSB index (e.g. up to 3 LSBs) can be reliably carried by the DMRS sequence of PSBCH, and the remaining part (if any) can be carried by the contend of PSBCH. 

Proposal 6: Support S-SSB index on sidelink, wherein the value is taken from 0 to NSSB-1, and NSSB is the (pre-)configured number of transmitted S-SSBs. 

Proposal 7: S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is smaller than or equal to 8; and 3 LSBs of S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is larger than 8.
2.5 QCL assumption for S-SSB
First of all, a baseline QCL assumption should be analog to NR Uu, i.e., the S-SSBs with the same S-SSB index are assumed to be QCLed across S-SSB periods, which could be potentially used by the sidelink UE for combining to improve the coverage of S-SSB. 

Then, the remaining issue for S-SSB is whether or not to support extra QCL assumption within a S-SSB period, e.g. repetition, to further improve the coverage of S-SSB. This topic was argued in the last meetings, and at least its need for large SCS was discussed. If the need for repetition within a S-SSB period is verified, the QCL assumption within the S-SSB period should be properly defined. For this purpose, we propose to introduce a (pre-)configured parameter with respect to the QCL assumption within a S-SSB period (e.g. denoted as QSSB), such that the sidelink UE is aware this parameter in synchronization procedure, and is capable of determining the group of QCLed S-SSBs (e.g. in order to perform soft combining of S-SSBs). 

Proposal 8: Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as QSSB), such that at least one of the following alternatives is supported, where ISSB is the S-SSB index: 

· Alt 1: S-SSBs with same (ISSB mod QSSB) are assumed to be QCLed;
· Alt 2: S-SSBs with same ⌊ISSB/QSSB⌋ are assumed to be QCLed.
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. In the last meeting [1], DFN, Indication of TDD configuration, In-coverage indicator, and CRC have been agreed as part of the PSBCH content, and at least the following fields, in our understanding, should also be supported. 

Proposal 9: In addition to the ones agreed in RAN1 98bis, PSBCH content shall contain at least: 

· Direct slot number within a frame; 

· Part of S-SSB index (other than 3 LSBs carried by DM-RS), when the (pre-)configured number of transmitted S-SSB is larger than 8.
2.7 DM-RS of PSBCH
Similar to NR Uu, the REs for DM-RS of PSBCH should be using an interlace structure within the symbols for PSBCH, and the sequence of DM-RS of PSBCH can reuse the one of DM-RS of PBCH in NR Uu (which is possible since information carried by DM-RS of PSBCH is at most 3 bits as in our previous proposal), in order to save the effort on sequence design. More precisely, in addition to the agreement made in the email after RAN1 #98bis, we have the following proposal. 
Proposal 10: DM-RS of PSBCH uses an interlace structure within every symbol for PSBCH, and the following aspects are the same as DM-RS of PBCH:
· The shift of RE for DM-RS
· Replace cell ID with sidelink synchronization ID 

· The sequences for generating DM-RS of PSBCH 

· Replace cell ID with sidelink synchronization ID in the initial condition
· Remove half frame indicator in the initial condition

2.8 Scrambling of PSBCH
In NR Uu, the decoding of MIB may require soft combining of QCLed SSBs, such that two levels of scrambling are supported, wherein the first level scrambling is before the CRC attachment, and the second level scrambling is after rate matching. 
In NR V2X, there is such requirement for soft combing across S-SSB periods for decoding accuracy, and single level of scrambling after rate matching is sufficient. Hence, we have the following proposal for the scrambling sequence, wherein the principle is same as the one for the second level scrambling of PBCH in NR Uu. 

Proposal 11: Support single scrambling of PSBCH, which is performed after rate matching. 

· The initial condition of the scrambling sequence is sidelink synchronization ID;

· The S-SSB index or part of S-SSB index carried by DM-RS of PSBCH is utilized for the generation of scrambling sequence.
3 Synchronization Procedure
This section discusses remaining issues on synchronization procedure.

3.1 Overall sidelink synchronization procedure
In last RAN1#98bis, it was agreed that PSBCH contains in-coverage indicator but there was no consensus on how to interpret it, i.e., whether it has the same meaning as in LTE V2X or it is considered as an indicator to distinguish different types of synchronization sources, which is different from LTE V2X. This issue is relevant to overall sidelink synchronization procedure in NR V2X. Considering that this meeting is the last one for Rel-16 NR V2X WI, according to the following agreements made in RAN1#98bis, we prefer to confirm the below working assumption, i.e., in-coverage indicator carried in PSBCH plays the same role as in LTE V2X.

	Agreements:

· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL

· FFS SSIDs used for each priority

· FFS other potential impacts due to P3/P4/P5

· FFS whether there is an issue with prioritization among references of the same priority

Send an LS to RAN2 regarding the above – Teng (CATT), R1-1911710, which is approved (by adding cc-ing to RAN4) with final LS in R1-1911718


On the other hand, a new synchronization procedure was proposed in [2] to merge multiple independent asynchronous clusters into a single cluster. In general, it may be beneficial in terms of synchronization performance as shown in [2] because it can realize a global synchronization.  However, in reality, we are not sure how often this situation happens because it was assumed that multiple clusters co-exist over a large period (e.g., 20 sec) without GNSS. Basic assumption of designing NR SL synchronization is that UE can be directly or indirectly synchronized with GNSS and/or gNB/eNB. So, from our perspective, the scenario where UE cannot detect GNSS or gNB/eNB during a quite long time is a corner case and we don’t find the necessity of optimizing sidelink synchronization procedure for such extreme case.

Having said that, the following are proposed as overall sidelink synchronization procedure in NR V2X.

When GNSS-based synchronization is (pre-)configured:

· For a UE directly synchronized to GNSS (P1),

· If the UE is in network coverage, in-coverage indicator = TRUE and SL-SSID = 0.

· Otherwise (the UE is in out-of-coverage), in-coverage indicator = FALSE and SL-SSID = 0

· For a UE indirectly synchronized to GNSS (P2),

· If the UE is in network coverage, in-coverage indicator = TRUE and SL-SSID = 336
· Otherwise (the UE is in out-of-coverage), in-coverage indicator = FALSE and SL-SSID = 336
· For a UE directly synchronized to gNB/eNB (P4), 
· This means that the UE is in network coverage and in-coverage indicator = TRUE and SL-SSID is selected from {1, …, 335}

· For a UE indirectly synchronized to gNB/eNB (P5),

· This means that the UE is in out-of-coverage and it has one-hop distance from another UE, which is directly synchronized to gNB/eNB, in-coverage indicator = FALSE and SL-SSID is selected from {1, …, 335}

· For the remaining UEs (P6),

· This means that these UEs are out-of-network coverage, in-coverage indicator = FALSE and SL-SSID is selected from {338, …, 671}.

When gNB/eNB-based synchronization is (pre-)configured:

· For a UE directly synchronized to gNB/eNB (P1),

· This means that the UE is in network coverage and in-coverage indicator = TRUE and SL-SSID is selected from {1, …, 335}

· For a UE indirectly synchronized to gNB/eNB (P2),

· This means that the UE is in out-of-coverage and it has one-hop distance from another UE, which is directly synchronized to gNB/eNB, in-coverage indicator = FALSE and SL-SSID is selected from {1, …, 335}
· For a UE directly synchronized to GNSS (P4), 

· If the UE is in network coverage, in-coverage indicator = TRUE and SL-SSID = 0.

· Otherwise (the UE is in out-of-coverage), in-coverage indicator = FALSE and SL-SSID = 0

· For a UE indirectly synchronized to GNSS (P5),

· If the UE is in network coverage, in-coverage indicator = TRUE and SL-SSID = 336.

· Otherwise (the UE is in out-of-coverage), in-coverage indicator = FALSE and SL-SSID = 336
· For the remaining UEs (P6),

· This means that UEs are out-of-network coverage, in-coverage indicator = FALSE and SL-SSID is selected from {338, …, 671}

Proposal 12: The working assumption that the procedure for signaling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is reused for NR SL is confirmed, and no further optimization is considered.
3.2 S-SSB RSRP measurement
In LTE 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. According to the following agreement in RAN1#98bis [1], this function is supported in NR V2X as well. 

	Agreements:

· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source


However, which signal is used for S-SSB RSRP measurement still needs to be discussed. For example, in LTE V2X, S-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DMRSs associated with PSBCH. So, for S-SSB RSRP measurement in NR V2X, one candidate signal is to use DMRSs associated with PSBCH as in LTE V2X. Another candidate is to use S-SSS only or to use both S-SSS and DMRSs associated with PSBCH as DL RSRP measurement in NR Uu, where 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, using DMRSs associated with PSBCH would be sufficient for S-SSB RSRP measurement because there are larger enough DMRS REs than LTE V2X, i.e., 3 REs/PRB/symbol x 9 symbols x 11 PRBs = 297 REs. So, we don’t see any justification to additionally use S-SSS for S-SSB RSRP measurement on top of using DMRSs associated with PSBCH, while increasing UE complexity. 
Proposal 13: Only DMRSs associated with PSBCH are used for S-SSB RSRP measurement in NR V2X.
3.3 Triggering 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 14: Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X as follows: A UE transmits S-SSB when gNB configures it to do so by dedicated signaling (i.e., network based), or when not configured by dedicated signaling (i.e., UE based) and gNB broadcasts (in-coverage) or pre-configures a threshold (out-of-coverage).
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: The same antenna port is used for the transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH.

Proposal 2: Confirm the following working assumption: 

	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


Proposal 3: The sequence of S-PSS is based on the same generator and initial condition of NR Uu PSS sequence, and uses two different cyclic shifts from NR Uu PSS sequence: 21 corresponding to 
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Proposal 4: The sequences for generating S-SSS can be down-selected from the sequences for generating NR Rel-15 SSS, such that
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Proposal 5: Support (pre-)configurable transmission patterns of S-SSBs by using:

· A (pre-)configured number of transmission bursts within a S-SSB period;

· A (pre-)configured offset for the transmission of S-SSBs within a S-SSB period.

Proposal 6: Support S-SSB index on sidelink, wherein the value is taken from 0 to NSSB-1, and NSSB is the (pre-)configured number of transmitted S-SSBs. 

Proposal 7: S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is smaller than or equal to 8; and 3 LSBs of S-SSB index is carried by the DM-RS sequence of PSBCH, if NSSB is larger than 8.
Proposal 8: Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as QSSB), such that at least one of the following alternatives is supported, where ISSB is the S-SSB index: 

· Alt 1: S-SSBs with same (ISSB mod QSSB) are assumed to be QCLed;
· Alt 2: S-SSBs with same ⌊ISSB/QSSB⌋ are assumed to be QCLed.
Proposal 9: In addition to the ones agreed in RAN1 98bis, PSBCH content shall contain at least: 

· Direct slot number within a frame; 

· Sidelink bandwidth;
· Part of S-SSB index (other than 3 LSBs carried by DM-RS), when the (pre-)configured number of transmitted S-SSB is larger than 8.
Proposal 10: DM-RS of PSBCH uses an interlace structure within every symbol for PSBCH, and the following aspects are the same as DM-RS of PBCH:
· The shift of RE for DM-RS

· Replace cell ID with sidelink synchronization ID 

· The sequences for generating DM-RS of PSBCH 

· Replace cell ID with sidelink synchronization ID in the initial condition

· Remove half frame indicator in the initial condition

Proposal 11: Support single scrambling of PSBCH, which is performed after rate matching. 

· The initial condition of the scrambling sequence is sidelink synchronization ID;

· The S-SSB index or part of S-SSB index carried by DM-RS of PSBCH is utilized for the generation of scrambling sequence.
Synchronization procedure

Proposal 12: The working assumption that the procedure for signaling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is reused for NR SL is confirmed, and no further optimization is considered.

Proposal 13: Only DMRSs associated with PSBCH are used for S-SSB RSRP measurement in NR V2X.
Proposal 14: Triggering condition on SLSS transmission specified in LTE V2X is reused for NR V2X as follows: A UE transmits S-SSB when gNB configures it to do so by dedicated signaling (i.e., network based), or when not configured by dedicated signaling (i.e., UE based) and gNB broadcasts (in-coverage) or pre-configures a threshold (out-of-coverage).
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