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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#97 [2]:
Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
FFS (aim to conclude this week – see below)
· The power difference between S-PSS and S-SSS symbols.
· The transient duration.

Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms.

Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)

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
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. 
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Figure 1: Structure of LTE V2X synchronization subframe 
The first symbol of synchronization subframe is used to for AGC in LTE-V2X. 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 to decide whether it can use the symbol to aid decoding or not. 
Proposal 1: The first PSBCH symbol in the synchronization slot is used as AGC symbol.
Another related issue is the MPR impact on different S-SSB symbols. In the last meeting, the MPR issue between S-PSS and S-SSS has been raised. The MPR between S-PSS and S-SSS will be around 3 dB (the exact MPR will be up to RAN4) according to the last meeting RAN1 agreements. Furthermore, since the waveform used for PSBCH is CP-OFDM, then the PAPR of S-SSS will be almost the same as the PAPR of PSBCH. So in the synchronization slot, only the S-PSS symbols have lower PAPR then the S-SSS and PSBCH. For the PAPR difference, we check PAPR value for S-PSS, S-SSS and PSBCH in the following table 1. 
Table 1: Comparison of PAPR for S-SSS and PSBCH
	
	S-PSS
	S-SSS
	PSBCH

	Mean PAPR
	5.2245 dB
	7.5791 dB
	6.9206 dB



It is observed that the S-SSS and PSBCH have a similar PAPR value, while the one of S-PSS are lower by about 2.3 dB.  
There are two alternatives to treat this issue: 
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent. 3 dB MPR for all symbols in the synchronization slot can be set. Then no transient period is needed. Since there is no guard symbol used for transient period, there is no performance loss on the PSBCH detection. The downside is the transmission power of S-PSS also is reduced. 
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent. 3d B MPR only for S-SSS and PSBCH can be set, and some transient period would be needed between S-SSS and S-PSS symbols. If S-PSS and S-SSS symbols are time adjacent, then a gap will be needed between S-PSS and S-SSS to reduce the impact on the S-SSS detection.

The benefits for alternative 1 is keep the S-PSS higher transmission power and the shortcoming is the impact on the PSBCH detection performance if a gap symbol is inserted between S-PSS and S-SSS, i.e. less symbol used for PSBCH and the code rate of PSBCH will be increased.
To evaluate which alternative is better, we check the joint detection performance for S-SSB and PSBCH for Alt 1 and Alt 2 in the following figure 2. 
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Figure 2: the joint detection performance for MPR option 1 and option 2
In figure 2, the green curve corresponds to Alt 2 where a transient period (TP) symbol is inserted between the S-PSS and the S-SSS. Therefore the transmit power of S-PSS of Alt 2 could be 3 dB higher than that of the S-SSS for Alt 2. The red curve corresponds to Alt 1 where the S-PSS and the S-SSS needs to be applied with the same MPR, i.e., the transmit power of S-PSS and S-SSS are the same.
Alt 2 will achieve better S-PSS detection probability since more transmit power can be assigned to S-PSS comparing to Alt 1. However, Alt 2 needs to use one gap symbol for the TP, while Alt 1 can dedicate all the remaining symbols to PSBCH, therefore the decoding performance depends on the joint detection performance. From the above figure 2, we notice that the Alt 1’s joint decoding performance is better than Alt 2. 
Observation 1: From the simulation results, no benefits are observed for Alt 2 with non-adjacent symbols.
Proposal 2:  S-PSS symbols and S-SSS symbols are adjacent without a transient period 
· RAN1 assumes the same MPR will be used for the whole synchronization slot 
· The detail MPR value is up to RAN4.

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. 
Proposal 3: For NR-V2X, the synchronization symbols are placed as PSS-PSS-SSS-SSS.
The two symbols allocated for each of the S-PSS and S-SSS can be used to carry different sequence combinations through a set of different S-PSS and S-SSS signals, respectively. The different combinations of sequences used for the S-PSS and/or S-SSS mapped on each of the symbol pairs, provide additional synchronization priority information to the Rx UE. Priority synchronization information can depend on the Tx UE synchronization status, based e.g. on the synchronization source type of the Tx UE and/or the number of hops from the original synchronization source. 
The Rx UE, especially the UEs out of coverage, can benefit from obtaining priority information depending on the Tx UE synchronization source via the SLSS, i.e. as early as possible. In the initial synchronization phase such priority information allows the Rx UE to immediately select and prioritize the SLSS sent by UEs with the highest priority status and directly synchronize to those. Compared to the case where such information is provided later, e.g. in the PSBCH, this avoids that the Rx UE performs unnecessary SLSS detection, synchronization and PSBCH decoding before identifying the Tx UE synchronization source, which may possibly not be the one with highest priority. Similarly, after initial synchronization, during the regular ongoing detection of SLSS, obtaining priority information via the SLSS will reduce the set of SLSS which the UE needs to search for, limiting them to the SLSS with higher priority than the one which it is already synchronized to. This is very important, as the UE has limited computational resources, power and buffering capabilities for detection of multiple SLSS and PSBCH decoding in parallel. Using priority dependent SLSS will thus reduce the UE complexity and need for buffering of multiple SLSS and ultimately reduce the overall synchronization time e.g. by avoiding cases where the Rx UE needs to wait for next SLSS to synchronize to a higher priority synchronization source.
Proposal 4: SLSS provide synchronization priority information depending on the Tx UE synchronization status by using differently prioritized sequence combinations in the two symbols of each of the two S-PSS and/or S-SSS symbols.    
Another issue for S-SSB structure is 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 5: At least 6 PSBCH symbols are used for NR-V2X synchronization slot for 15 kHz.
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Figure 3: 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 3 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 [10]:
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 4 to figure 6, where the S-PSS/S-SSS jointly detection performance become worse when the higher SCS is used for SLSS. 
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Figure 4: One shot S-PSS/S-SSS detection performance for different SCS under 6km/h
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Figure 5: One shot S-PSS/S-SSS detection performance for different SCS under240km/h
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Figure 6: 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 2: 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 especially for FR1, the best alternative is to allow the system to (pre-)configure the supported maximum number of S-SSB for every synchronization resource. For FR2, there is also the coverage requirement on the S-SSB, multiple (pre-)configured 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/3~7.125 GHz/>7.125 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 7 shows an example of different numbers of S-SSBs for different SCS. 
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Figure 7: A design example for multiple S-SSB

Observation 3: (Pre-)configured S-SSB periodicity gives flexible coverage support for S-SSB.
Proposal 6: Alt1 is supported for NR-V2X S-SSB
· Alt 1: the number of S-SSB(s) transmitted within the periodicity of S-SSB is (pre-)configurable; 
· For FR1: Up to at least 2 S-SSBs are configured for 30 kHz, and up to at least 4 S-SSBs are configured for 60kHz
· For FR2: Up to L_v2x  S-SSBs are configured.

Since at most 8 S-SSB can be configured, then the same mechanism can be reused as in NR-Uu link to indicate the S-SSB index by PSBCH DMRS. 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. Furthermore, the larger periodicity will require larger UE buffer size and worsen detection performance. Hence the periodicity should be no more than 160ms.
Proposal 7: Support configurable S-SSB periodicity values.
· The S-SSB periodicity value should be no more than 160ms.

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 8: 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)
In order to keep a low cross-correlation between the two m sequences used for S-PSS and the PSS, two options can be considered: 
· Option 1: Different polynomials are used for the S-PSS without the limitation on the cyclic shift.
· Option 2: The same polynomial as for PSS is used for S-PSS, but with different cyclic shifts.

For option 1, to keep low cross-correlation, the following polynomial, which is the same one as the one used for the NR Uu SSS, can be used since they form an uncorrelated sequence pair:

                                                      (2)
As using different polynomial than for S-PSS, no cyclic shift limitation applies.
For option 2, since the same polynomial as Uu is used, then different cyclic shift should be used for S-PSS. This means that the same m sequence is used for both PSS and S-PSS. This may generate a side peak to the NR Uu PSS as well as to the NR S-PSS receiver, if a correlation with the full-length sequence is performed in the time domain at the receiver. Especially in the initial synchronization phase, where large frequency errors are expected, this may result in a large time synchronization error due to the time shift of the cross-correlation peak. Therefore, we prefer Option 1 as a general S-PSS design approach. 
Similar as for the NR Uu PSS sequence, if exactly the same m sequence, or the same polynomial with a different cyclic shift, is used for creating the second m sequence of the two sequences used for S-PSS, the repetitive structure will create side peaks before and after the main peak. Therefore, using different polynomials for the second m sequence in the two S-PSS symbols is recommended to avoid this ambiguity problem. For the second m sequence following polynomial is proposed 


In combination with Proposal 4 in Section 2, using these two different m sequences to build the four combinations to be used for the S-PSS, t can convey additional priority information based on four Tx UE synchronization states.
Proposal 9: For S-PSS, the following polynomials are used to generate the two different m sequences: 
· 

· 


Next, following two Options are evaluated: 
· Option A: Using different m sequences in the two S-PSS symbols, which are generated according to Proposal 10, and the same Gold sequence in the two S-SSS symbols.
· Option B: Using the same (repetitive) sequence in both of the S-PSS symbols and the same Gold sequence in the two S-SSS symbols.

The generation of the S-SSS is based on the m-sequence in the first symbol of the S-PSS. The performance in terms of joint S-PSS/S-SSS detection probability of Options A and B is shown in Figure 8. The two curves evaluate the probability of correct detection of both S-PSS and S-SSS, based on the identification of the two peaks generated by cross-correlation. For the S-PSS, detection is considered as correct when both peaks generated by cross-correlation with the two sequences forming the S-PSS are correctly identified. From Figure 8 it is observed that the detection performance is the same for Option A and Option B, confirming the very good sequence correlation properties using the proposed polynomials   
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[bookmark: _Ref7789073]Figure 8: 2-symbol S-PSS sequences detection probability
 
Observation 4: The joint S-PSS/S-SSS detection probability when using repeated S-PSS and S-SSS sequences is the same when using differentiated sequences for S-PSS.
As already mentioned in Section 2, using different sequence combinations in the two symbols of the S-PSS 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. As mentioned, the benefit of providing such information as early as possibly via S-PSS to the Rx UE is to assist the initial selection of the highest priority synchronization source and limit the further search of S-PSS to the ones sent by Tx UEs with a higher priority synchronization source. For example, if we labelled two different sequence as 0 and 1, then the set of four combinations is {00, 01, 10, 11}, which carries 2 bits of information. Mapping each combination uniquely to a combination of the sequences in Proposal 10, results into the proposed scheme for S-PSS design. In Figure 8, performance for combinations {01, 10} correspond to Option 1, whereas the performance of combinations {00, 11} to Option 2, respectively. Conveying priority synchronization information via S-PSS does not have any performance penalty, as having different m sequences in the two symbols of S-PSS performs the same as having the same sequence in the two symbols.   
Observation 5: Using different m sequences in the two symbols of the S-PSS conveys additional priority information based on the Tx UE synchronization source without any performance degradation. 
Proposal 10: A scheme with the two-symbol S-PSS chosen from a set of four combinations of two different m sequences is used, providing synchronization priority information depending on the Tx UE synchronization status. 
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. The generation of the S-SSS is based on the m-sequence in the first symbol of the S-PSS.

                                (3)
Proposal 11: For S-SSS, the same polynomial as NR Uu SSS is adopted with different cyclic shift values.
Number of SLSS IDs
In LTE, for Uu link, there are 504 PCIs with 3 different PSS sequences. Every SSS sequence 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 9. The detection complexity is similar with NR-Uu link, so no implementation difficulties are expected. 
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Figure 9: Comparison of SSID numbers
Proposal 12: 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 {336, 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 [7]. 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 13: 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 priority information by the S-SSB assists the Rx UE to select and synchronize to the Tx UE with 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 14: Support indication through S-SSB of information to assist synchronization source selection, e.g. hops, priority, etc. 
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 15: For the transmission of SLSS, LTE-V2X mechanism will be reused for NR-V2X, i.e.: 
•	Network configured transmission of SLSS; and 
•	UE triggered transmission of SLSS with defined triggering conditions.
The S-SSB structure of NR V2X enables transmission of multiple SLSS in different directions (e.g., from different TX antenna ports or from non-collocated TX antennas). Depending on the configurable number of S-SSBs, the SLSS can be transmitted in the same direction multiple times or in distinct directions, i.e. with distributed TX antennas, e.g. at the rear or front bumper of the TX UE. When in coverage, for example, transmission of SLSS in the direction of the gNB may lead to interference without providing increased coverage for synchronization purposes. The efficiency of the transmission of synchronization information can be improved by not transmitting SLSS on all TX antennas, and defining whether TX UE transmits on specific TX antenna(s) or antenna port(s) based on measurements between that TX antenna(s) and the gNB.
Proposal 16: The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements over the RX antennas.
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 2: Candidate fields of PSBCH
	field
	Number of bits
	notes

	Offset between S-SSB and channel bandwidth
	3
	

	Channel bandwidth
	4
	Indicate the channel bandwidth

	TDD configuration
	FFS
	Only cell common TDD configuration are needed.

	DFN
	10
	

	InCoverage indication
	1
	Indicate the sync source coverage states

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

	Periodicity
	2
	40ms, 80ms, 160ms

	Type of sync source
	1
	Indicate the synchronization source is eNB or gNB



Proposal 17: The following fields are included in the PSBCH payload:
· Bandwidth
· TDD configuration
· DFN
· InCoverage indication
· Hop number
· Periodicity
· Type of sync source

The TDD configuration within the PSBCH helps the partial coverage V2X UE operating in the licensed band. The in-coverage UE forwards the TDD configuration to the out-of-coverage to ensure the latter not using the DL spectrum of nearby cell for SL transmission to avoid severe interference to nearby receiving UEs.  
Note that in LTE V2X the TDD configuration within PSBCH occupies 3 bits, as there are only eight TDD configurations with a period of one radio frame. The subframe in LTE is either UL or DL, or it is a special subframe (S frame) which would only be used for sending reference signals. In NR Uu, the TDD configuration is much more complicated than which in LTE V2X. Firstly, the TDD configuration period is flexibly configured with up to 80 slots in current release. Secondly, besides the UL and DL slots, there are also configurable slots, i.e., the symbols within the slot can be either UL, DL or flexible. This design enables more frequent UL/DL switching, however, it results in considerable overhead in TDD configuration indication. The indication of symbol-level UL/DL information requires more than 30 bits. In NR Uu, the TDD configuration is configured to the UE via DCI or dedicated RRC, hence the size is not a critical issue. In NR V2X, the TDD configuration is put in PSBCH. The PSBCH requires ultra-high reliability, moderate coverage with limited resources, so the payload size is not expected to be large.
In NR V2X, the RX UE who receives the S-SSB only cares about which resources can be utilized for sidelink communications. Therefore we can reduce the size of TDD configuration by delivering only the information of UL/flexible slots/symbols. A typical TDD configuration is illustrated in the following figure 10. 
[image: C:\Users\y00367708\AppData\Roaming\eSpace_Desktop\UserData\y00367708\imagefiles\6A1DAB59-19DC-450A-8AD7-98F5773FAB42.png]
Figure 10: TDD configuration in NR
We seek to utilize both the F and U symbols in the configurable slots for sidelink transmission. In this case, we need to identify these symbols within the configurable slots. As illustrated in figure 10, the slot format indicator can be delivered to the RX UE to identify the potential resource for sidelink transmission. 
Note that a complete sidelink transmission at least occupies four consecutive symbols, which are the AGC, the PSCCH, the PSSCH and the GAP symbols. If we assume both the F and U symbols can be configured to be S (sidelink) symbols, only the slot format containing more than four consecutive F and/or U symbols is considered to be utilized for sidelink transmission. Based on this observation, a compressed version of the slot format configuration modified from which defined in TS38.213 can be delivered. The slot format suitable for sidelink transmission is concluded in a look-up table, as illustrated in table 3. The indication of UL symbols according to table 2 requires only 4 bits. 
Table 3: Slot format indication
	Index
	F and U symbols
	Description

	1
	10th to 13th symbol
	Corresponds to SFI table index: 3,6,32

	2
	9th to 13th symbol
	Corresponds to SFI table index: 7,33,43,47,50,53

	3
	8th to 13th symbol
	Corresponds to SFI table index: 48,51,52

	4
	6th to 13th symbol
	Corresponds to SFI table index: 44,45

	5
	3rd to 13th symbol
	Corresponds to SFI table index: 18,21,24,27,36,37,40

	6
	2nd to 13th symbol
	Corresponds to SFI table index: 17,20,23,26,35,38,41

	7
	1th to 13th symbol
	Corresponds to SFI table index: 16,19,22,25,34,39,42

	8
	0th to 13th symbol
	Corresponds to SFI table index: 1,2,8,9,10,11,12,13,14,15

	9
	0th to 6th symbol
	Corresponds to SFI table index: 54

	10
	2nd to 7th symbol
	Corresponds to SFI table index: 55



The F symbols can be configured to be S (sidelink) symbols. Note that only cell-specific configuration is transmitted to the partial coverage UE. If UE-specific configuration is passed to the partial coverage UE, problem occurs. For example, if UE A sends its UE-specific TDD configuration to UE C, in some particular symbols UE A is configured to be UL, however, another UE B near UE C is configured to be DL in the same symbols. When UE C receives UE A’s PSBCH and performs sidelink transmission in these particular symbols, UE B experiences serious interference from UE C. 
Proposal 18: At least the simplified SFI can be carried by the PSBCH, how to deliver the slot level TDD-UL-DL configuration is FFS. 
[image: ]
Figure 11: Communication in partial overlap
Channel bandwidth is also needed in PSBCH, especially for partial-coverage scenario. For out-of-coverage UE, the preconfigured bandwidth will be used, but it might be different from the cellular bandwidth. Hence it is necessary to include the channel bandwidth information in PSBCH to override the pre-configuration so that in-coverage and out-of-coverage UEs could communicate with each other and give the network the flexibility to adjust the configured sidelink bandwidth in the licensed carrier.
Proposal 19: The channel bandwidth information should be indicated by PSBCH.
[image: ]
Figure 12: Frequency location of S-SSB and sidelink carrier
Following agreement was achieved in the Adhoc 1901 meeting:
Agreements:
· The frequency location for S-SSB is (pre-) configured
· [bookmark: OLE_LINK11]Note: it implies that there is no intended hypotheses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4

To avoid hypotheses detection, S-SSB frequency location should be configured together with the synchronization resources for the V2X sidelink communication.
For LTE V2X, the frequency location of synchronization is allocated in the central subcarriers. The frequency location of S-SSB in NR V2X is different from LTE V2X, and not fixed in the central subcarriers. As explained, the frequency location of S-SSB can be signaled together with V2X communication carrier frequency. Through this way, we can get the location of S-SSB, but the relative frequency location of S-SSB and channel bandwidth should be configured by network to reduce detection complexity.
[bookmark: OLE_LINK139]Proposal 20: S-SSB frequency location should be configured to sidelink UE together with V2X communication carrier frequency.
Proposal 21: The frequency offset between S-SSB and channel bandwidth is indicated by the in-coverage UE in the PSBCH. 
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 detection ability. 
Finally, it is unclear what specification support is needed for this in RAN1.
Proposal 22: 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: The first PSBCH symbol in the synchronization slot is used as AGC symbol.
Observation 1: From the simulation results, no benefits are observed for Alt 2 with non-adjacent symbols.
Proposal 2:  S-PSS symbols and S-SSS symbols are adjacent without a transient period 
· RAN1 assumes the same MPR will be used for the whole synchronization slot 
· The detail MPR value is up to RAN4.
Proposal 3: For NR-V2X, the synchronization symbols are placed as PSS-PSS-SSS-SSS.
Proposal 4: SLSS provide synchronization priority information depending on the Tx UE synchronization status by using differently prioritized sequence combinations in the two symbols of each of the two S-PSS and/or S-SSS symbols.    
Proposal 5: At least 6 PSBCH symbols are used for NR-V2X synchronization slot for 15 kHz.
Observation 2: 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 3: (Pre-)configured S-SSB periodicity gives flexible coverage support for S-SSB.
Proposal 6: Alt1 is supported for NR-V2X S-SSB
· Alt 1: the number of S-SSB(s) transmitted within the periodicity of S-SSB is (pre-)configurable; 
· For FR1: Up to at least 2 S-SSBs are configured for 30 kHz, and up to at least 4 S-SSBs are configured for 60kHz
· For FR2: Up to L_v2x  S-SSBs are configured.
Proposal 7: Support configurable S-SSB periodicity values.
· The S-SSB periodicity value should be no more than 160ms.
Proposal 8: The sequences for S-PSS and S-SSS should be of low cross-correlation with NR Uu PSS and SSS.
Proposal 9: For S-PSS, the following polynomials are used to generate the two different m sequences: 
· 

· 

Observation 4: The joint S-PSS/S-SSS detection probability when using repeated S-PSS and S-SSS sequences is the same when using differentiated sequences for S-PSS.
Observation 5: Using different m sequences in the two symbols of the S-PSS conveys additional priority information based on the Tx UE synchronization source without any performance degradation. 
Proposal 10: A scheme with the two-symbol S-PSS chosen from a set of four combinations of two different m sequences is used, providing synchronization priority information depending on the Tx UE synchronization status. 
Proposal 11: For S-SSS, the same polynomial as NR Uu SSS is adopted with different cyclic shift values.
Proposal 12: 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 {336, 337, …, 671} for out-of-coverage. 
Proposal 13: 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 14: Support indication through S-SSB of information to assist synchronization source selection, e.g. hops, priority, etc. 
Proposal 15: For the transmission of SLSS, LTE-V2X mechanism will be reused for NR-V2X, i.e.: 
•	Network configured transmission of SLSS; and 
•	UE triggered transmission of SLSS with defined triggering conditions.
Proposal 16: The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements over the RX antennas.
Proposal 17: The following fields are included in the PSBCH payload:
· Bandwidth
· TDD configuration
· DFN
· InCoverage indication
· Hop number
· Periodicity
· Type of sync source
Proposal 18: At least the simplified SFI can be carried by the PSBCH, how to deliver the slot level TDD-UL-DL configuration is FFS. 
Proposal 19: The channel bandwidth information should be indicated by PSBCH.
Proposal 20: S-SSB frequency location should be configured to sidelink UE together with V2X communication carrier frequency.
Proposal 21: The frequency offset between S-SSB and channel bandwidth is indicated by the in-coverage UE in the PSBCH. 
[bookmark: _GoBack]Proposal 22: RS based synchronization can be supported by UE implementation without RAN1 specification impact. 

 
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 8
	 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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