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Introduction
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
In this contribution, we further develop the design of sidelink synchronization, taking into account the related agreements and SI outcome [2]. 
Sidelink SSB Structure
S-SSB structure for multiple S-SSB transmission
Before discussing the S-SSB structure, how to multiplex data and S-SSB in the synchronization slot should be decided. To avoid the half-duplex impact when UE transmits or receives S-SSB, TDMed multiplexing as in LTE-V2X should be reused in NR-V2X.
Proposal 1: S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. 
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Figure 1: One shot S-PSS/S-SSS detection performance for different SCS under 500km/h
In LTE-V2X, every synchronization resource associates with a SLSS subframe. If multiple S-SSB configured, it should be configured to one S-SSB resource. Otherwise, it would result multiple different S-SSB resources which will be discussed separately. As discussed as above, the multiple S-SSB under one S-SSB resource should be transmitted by repetition way at least for FR1. The repetition means the transmitted R S-SSBs are QCL with each other both to the S-SSB transmission UE and reception UE.  Different from the NR Uu link SSB transmission, whether supporting repetition or not is up to network implementation. While, if repetition is supported, the repetition factor R should be (pre-)configured to both S-SSB transmitter and receiver. When the S-SSB transmitter knows the repetition factor R, then it can transmit S-SSB in the same direction by repetition as the configuration. When the S-SSB receiver knows the repetition factor R, then it can combine the repeated S-SSBs accordingly. This is very helpful to reduce the synchronization detection time and increase the S-SSB coverage. 
Proposal 2: The repetition factor R for S-SSB should be (pre-)configured to a synchronization resource.
The following Figure 2 shows the structure of SSB of NR Uu link. There are 4 or 8 SSBs for 15 kHz or 30kHz, and 64 SSB for 120kHz or 240kHz respectively within the 5ms SSB burst set. The periodicity of SSB can be configured from 5ms to 160ms. All the candidate SSBs are contained within 5ms which can help to reduce the UE receiver buffer. It means the UE can only need buffer a 5ms SSB data when the first SSB is detected. We think this design principle can be reused to the NR-V2X. 
Furthermore, since the maximum duration for all candidates S-SSB is 8ms. We can arrange the S-SSB location within the S-SSB burst set continuously or discontinuously. If all 8ms S-SSB continuously in time domain, then during the 8ms, no data transmission can be permitted. This will introduce some additional time delay for sidelink UE. Considering there is 3ms and 10ms end to end time delay requirement for NR-V2X, continuously transmission all the candidate S-SSB is not a suitable way. 
Proposal 3: All the candidate S-SSB should be contained within a short time window which can be defined as S-SSB burst set. 
· All the candidate S-SSB should be located in the S-SSB burst set by a discontinuous way.
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[bookmark: _Ref19643922][bookmark: _Ref19643912]Figure 2: The structure of SSB for NR Uu link

For NR-V2X, there are at most 4 candidate S-SSB for FR1 which occupies 1ms, and at most 64 candidate S-SSBs for FR2 which occupies 8 ms. All the candidate S-SSB can be limited within a 10ms radio frame. Limit the all the S-SSB burst set into a 10ms radio frame can also benefit the SL-MIB indication to the receiver. If  the S-SSB burst set occupy two different radio frames, some of the contents (e.g. S-SSB index, DFN) of SL-MIB will be different among the two radio frames. This will make the receiver cannot do the PSBCH combination directly. 
[bookmark: OLE_LINK5]Proposal 4: The S-SSB burst set is transmitted within a radio frame. 
For LTE-V2X, the synchronization resources within the SLSS periodicity can be (pre-)configured. We can reuse this principle to NR-V2X, i.e. the time domain location of S-SSB within the 160ms S-SSB periodicity should be configured which can give the flexibility to configuration. The proposed structure of S-SSB within 160ms periodicity is shown in the following Figure 3. A time offset can be used to indicate the S-SSB burst set location within the 160ms S-SSB periodicity. This methods can reduce the signaling overhead to indicate every S-SSB resource separately since the offset is the common part to all S-SSB. 
Proposal 5: A time offset can be (pre-)configured within the S-SSB periodicity to indicate the S-SSB burst set.
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[bookmark: _Ref21250690]Figure 3: The proposed structure of S-SSB burst set within the S-SSB periodicity

For FR1, single S-SSB can be configured to 15 kHz, 30 kHz and 60 kHz respectively. When there are more than one S-SSB are configured, i.e. N S-SSB, then the configured N S-SSB should be repeated within the S-SSB burst set for FR1. In NR Uu link design, the SSB structure can support both FR1 and FR2 with S-SSB repetition or analog beamforming. This design principle should also be reused to NR-V2X. 
Proposal 6: A unified S-SSB structure is preferred to support FR1 and FR2 with S-SSB repetition or analog beamforming. 
To further limit the candidate S-SSB transmission location, multiple S-SSB can be defined within the S-SSB burst set, which is shown in the Figure 4. For FR2, there are 32 or 64 S-SSB within the S-SSB burst set, in order to limit the actually transmitted S-SSB location within the S-SSB burst, an S-SSB group can be defined. For the S-SSB group, every S-SSB group occupy 1ms time resource, every S-SSB burst set includes M S-SSB groups. The included maximum S-SSB (denoted S) within each S-SSB group can be determined by S = Lmax/M where Lmax is the total candidate S-SSB within the S-SSB burst set. In the Figure 4, we give some design example for S-SSB burst set with M (equals 8) S-SSB groups.
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[bookmark: _Ref19700366]Figure 4: The structure of S-SSB within the S-SSB burst set

The following Table 1 shows the related S-SSB configuration parameters for different SCS per synchronization resource.  
Table 1: S-SSB configuration parameters for different SCS per synchronization resource
	SCS
	Max S-SSB Lmax
	Candidate S-SSB groups M
	Max S-SSB per group S
	Actual number of S-SSB group 
	Actual S-SSB per group x
	Interval between two S-SSB group Ig

	120kHz for FR2
	64
	8
	8
	<=8
	1, 2, 4, 8
	2 slots

	60kHz for FR2
	32
	8
	4
	<=8
	1, 2, 4, 8
	1 slots

	60kHz for FR1
	4
	8
	4
	1
	1, 2, 4
	0

	30kHz for FR1
	2
	8
	2
	1
	1, 2
	0

	15kHz for FR1
	1
	8
	1
	1
	1
	0



As shown in the above Figure 4, which is a design example for S-SSB for every synchronization resource. This is very similar with NR Uu. The main difference would be: one S-SSB occupy 1 slot while a SSB occupy 4 OFDM symbols. The further details are as following: 
· For FR1, the multiple S-SSB should be actually transmitted within one of the candidate S-SSB groups. 
· For FR2, every group can be used to transmit by the same analog beam which points to different directions. And if necessary, every S-SSB group can be further used to several different beams to narrower space direction. For FR2, there are Lmax (32 or 64) S-SSB in the S-SSB burst set. Every S-SSB group can be the actually transmitted S-SSB. But the actually transmitted x S-SSB within the group can be equal or smaller than S. Different S-SSB groups can have different transmission beam directions. And even for every S-SSB, the S S-SSB can further divided into different beam directions. From the configuration aspects, the gNB only need to configure the transmitted S-SSB as in NR Uu link by bitmap, and the actually transmitted S-SSB x within every S-SSB and the repetition factor R.

Proposal 7: the following structure can be used for NR-V2X S-SSB burst set:
· 8 S-SSB candidate groups are defined which occupies 1ms.
· Every S-SSB group includes multiple candidate S-SSB.
· The interval between different S-SSB can be pre-defined.
· The following signaling can be used to configure the actually transmitted location for every S-SSB resource: 
· The actually transmitted S-SSB group(s).
· S-SSB repetition factor R. 
· The actually transmitted number x of S-SSB within each group. 
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In order that the receiver UE obtains the accurate timing information from the detected S-SSB, the related of timing information should be indicated to the receiver. One solution will be to indicate the group index and the S-SSB index within the group. The S-SSB group index can be indicated by PSBCH with 3 bits. While the S-SSB index within the group can be indicated by the SL-MIB scrambling sequence with 3bits at most for FR2 and 2 bits at most for FR1.  For example: 
v = 0, 1,….,7.
si=c(j+vM)
Where v is the index of S-SSB index within the S-SSB group, si is the scrambling sequence of SL-MIB, M is the length of to be scrambled bits. 
The above operation can help the S-SSB receiver directly combine the S-SSB within the S-SSB group since the contents of PSBCH is the same within the same S-SSB group. And according to these information and the configured S-SSB location within the periodicity, the S-SSB receiver can derive the timing from the reference UE’s S-SSB.
Proposal 8: To let the S-SSB receiver to derive the S-SSB location within an S-SSB burst set, the following information is indicated:
·  The actually transmitted S-SSB group index is indicated by SL-MIB with 3 bits
· The actually transmitted S-SSB index within the group is indicated by the scrambling sequence of SL-MIB with 3 bits for FR2 and 2 bits for FR1.

In LTE-V2X at most three synchronization resources can be configured for InC and OoC UE in the same synchronization periodicity. The main principle is that, in one S-SSB periodicity, there are least two S-SSB resources: one used for transmission and another used for reception. For FR2, all the candidates S-SSB within the S-SSB burst set would be used by the UE. Hence, multiple S-SSB burst sets associating to multiple synchronization resources should be defined.  
Proposal 9: At least two S-SSB resources which are allocated in two different S-SSB burst sets can be defined within the 160 ms S-SSB periodicity. 

DM-RS pattern for single S-SSB
For the PSBCH DMRS, we need consider different DMRS density for different SCS since the duration of a synchronization slot s different while the coherence time of the propagation channel is fixed. As shown in the following Figure 5 and Figure 6 for normal CP and extended CP respectively. We gave three DMRS patterns both for normal CP and extended CP. The number of DMRS symbols are reduced from Pattern-1 (or 1a) to Pattern-3 (or 3a). The main consideration is that: for 15 kHz SCS, more DMRS symbols are needed to support 500km/h relative speed since one slot occupy 1ms duration. For higher SCS, since the duration of every slot will be reduced then fewer DMRS symbols can be considered. 
And for the Pattern-1 and Pattern-1a, there are 4 DMRS symbols after the S-SSS and two pairs of PSBCH DMRS symbols are time adjacent which can further be used to do frequency offset estimation.
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[bookmark: _Ref20477969]Figure 5: The DMRS patterns evaluated for normal CP
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 Figure 6: The DMRS patterns evaluated for extended CP

In this evaluation, we consider the worst case that the first PSBCH symbol of the S-SSB is used for AGC purposes, such that it is not used in decoding at the receiver. The mapping of PSBCH DMRS is assumed to be with ¼ density frequency domain at the symbols which contain PSBCH DMRS. The purpose for this evaluation is to find the best DMRS pattern for different SCS and UE speed. We use the DMRS pattern-0/0a as benchmark, in which every PSBCH symbol contains a DMRS.
From the below simulation results we found:
· When SCS is 15 kHz, pattern-1a and pattern-1 outperforms other choices in ECP and NCP when UE speeds equals to 6km/h and 240km/h scenarios, respectively. The pattern-0/0a performs the best when UE speed is 500km/h. The reason is that in 15 kHz, the symbol time is long, so the DMRS needs to be denser to give a good estimation result. While for the 500km/h, the performance of Pattern0 and Pattern0a have better performance than the pattern 1 and 1a.
· When SCS is 30 kHz, pattern-2a and pattern-1a achieve a similar performance in ECP when UE speeds equal to 6km/h and 240km/h, while the pattern-1a performs slightly better when UE speed equals to 500km/h. In NCP, pattern-2 performs better than others in 6km/h, while pattern-1 performs the best in other vehicle speeds. Similar as in 15 kHz case, these results also suggest that the DMRS should be densely deployed to give an accurate channel estimation when UE speed is high. Even for 500km/h relative speed, the pattern 2 and 2a show better performance. 
· When SCS is 60 kHz, both pattern-3a and pattern-3 achieve good performance in ECP and NCP scenarios. The reason is that in 60 kHz, symbol time is shortest in FR1, so the channel could be assumed to be coherent in several symbols after the one used for channel estimation, such that the DMRS can be sparse in time domain. We also witness that the pattern-0a and pattern 0 performs the worst, as in this case the DMRS brings too much overhead. The gain is around 0.5dB, 1dB and 0.5dB for ECP for 6km/h, 240km/h and 500km/h @0.01BLER.  And the gain is around 0.5dB for NCP at all speed@0.01BLER. 
· Comparing the DMRS pattern in every symbols, the gain comes from the lower code rate of PSBCH when the DMRS pattern can be used to overcome the speed impact and to estimate the channel parameters for decoding PSBCH. 
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 Figure 7: simulation results for PSBCH DMRS patterns

Proposal 10: The following DMRS pattern for PSBCH is applied for NR-V2X:
· For normal CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbol.
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 9, 12
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0,7, 10
· For extended CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbols. 
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 8, 10
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0, 6, 9.

We noticed, the above proposal is required different SCS using different PSBCH DMRS pattern and the pattern cannot be changed for a certain SCS under different UE speed. Since there is only one single DMRS pattern, no impact on the SFN way transmission to the S-SSB. Furthermore, the S-RSRP measurement of LTE-V2X bases on the PSBCH DMRS with the bandwidth 6PRB, while the proposed DMRS pattern for PSBCH with more DMRS symbols than LTE-V2X under 15kHz SCS with 11PRB bandwidth. So comparing the S-RSRP for LTE-V2X, no reason the proposed DMRS pattern cannot be used for S-SSB S-RSRP measurement. For CFO estimation, both the two S-SSS symbols and other DMRS symbols and in our design can be used to do CFO estimation since the adjacent DMRS symbols for every pattern are within the coherent time. So no issue to the CFO estimation. The above simulation shows the gain. Synchronization is very important to quickly obtain the timing when the UE type synchronization sources are used. Better performance can help quickly obtaining the timing. This is not only the coverage balance issue, then never over optimization.

For the DMRS frequency location, since no power boosting on PSBCH DMRS and S-SSB can be transmitted by SFN way, hence the DMRS frequency location cannot be shifted. For DMRS sequence generation, the SLSSID can be used to generate the DMRS sequence. We noticed when the UE directly synchronizes the GNSS, then the SLSS ID will be the same. Using different SLSSID to obtain DMRS sequence will not impact the SFN combination. 
Proposal 11: for the PSBCH DMRS:
· DM-RS RE position shift in frequency domain is not supported.
· SLSSID is used to generate the DMRS sequence. 

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 12: 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 following:  



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

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

                                                      (2)
For option 1, if different polynomial is used for S-PSS, no cyclic shift limitation is required, the same or similar cyclic shift value can be used for S-PSS. 
For option 2, since the same polynomial as Uu is used, then different cyclic shift should be used for S-PSS. Since the cyclic shift 0, 43, 86, have been used by three PSS sequences, then another values pair like {21, 64} or {22, 65} can be used to generate the pair of S-PSS sequences and at the same time  keep the farthest cyclic shift distance with PSS. It is preferred to have as large as possible distances in the cyclic shift between the two different S-PSS sequences and also with the PSS, so that the probability of false detection of the correlation peak due to ambiguity is reduced.  
Proposal 13: For S-PSS, the following two options can be used to generate the two different m sequences: 
· 
Option 1: the polynomial is , no limitation on the cyclic shift, e.g. the same cyclic shift of {0, 43} can be used for S-PSS.
· Option 2: the polynomial is the same as PSS, and the two cyclic shift can be {21, 64} or {22, 65}.

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 Δ 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. In following equation (3), the value Δ = 45 is used as an example in the proposed mathematical framework. 

                                (3)
It  might be thought that the same SSS sequence can be reused to S-SSS. We also noticed in LTE-V2X, the SSSS are different from SSS, i.e. the SSSS for LTE-V2X uses sequences of subframe-5 SSS. Then the subframe 10 SSS still different from the LTE-V2X. For NR-V2X, both licensed and ITS carriers are supported. In the TDD licensed carrier, the SSB for RRM measurement can be configured to any frequency location. If the S-SSS is the same as SSS, the SSS for RRM measurement will interfere the S-SSS when the sidelink UE loses its timing when the S-SSB frequency and SSS for RRM measurement configured in the same frequency. This will happen, since every cell can independently configure the RRM resource. Considering above, different cyclic shift values for S-SSS can solve the above issue.
Proposal 14: For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value as following:



Synchronization procedures
In RAN1#94bis meeting [13], we have the following agreement as:

Agreements on sidelink synchronization references
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
· Whether a source is supported is for further NR V2X UE capability consideration

Whether SA or NSA network will be deployed depends on different countries or operators. And it can be expected that more and more SA network will be deployed. From this point, make the eNB as a mandatory synchronization of NR-V2X is not suitable. The reason is that: if there is only gNB deployed, and in order to get the timing to require the UE always has the LTE Uu modem to support the eNB type synchronization source will increase the chipset cost. So we suggest set the eNB synchronization source as a UE capability.
Proposal 15: eNB as a synchronization source for NR V2X UEs should be an optional UE capability. 

When both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the UE should select based 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 16: For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported.  
In LTE-V2X, the DFN is defined as follows: 
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–offsetDFN) mod 10
OffsetDFN is the value offsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
The offsetDFN is used to align the timing between DFN and SFN. 
So the same mechanism in LTE-V2X should be reused to NR-V2X, two timing offset will be configured when UE’s serving cell is eNB or gNB.
Proposal 17: If GNSS type synchronization source is (pre-)configured, the following timing difference should be configured to the sidelink UE:
· OffsetDFN: The timing difference between GNSS timing and gNB or eNB timing to derive the DFN when the serving cell is gNB or eNB.

Furthermore, since the SCS of the sidelink can be (pre-)configured, the slot number also need to be derived. Hence, for the serving cell being eNB or gNB, and if the synchronization source is GNSS, then 
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SlotN= Floor (0.1*(Tcurrent –Tref–offsetDFN)/2μ) mod (10*2μ)
Where μ is the SCS of the sidelink, for 15kHz, μ=0, for 30/60120kHz, μ= 1, 2, 3, respectively.
Proposal 18: If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as:
SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ)
Where the value μ depends on  the SCS of the sidelink. 
Since the timing offset between the eNB and gNB cannot be aligned always, and the UE will use eNB or gNB as its synchronization source according to the signal quality, then a timing offset offetDFN should be indicated to sidelink UE to align the DFN. This time offset between eNB and gNB is also needed for UEs synchronized to one of these sourced indirectly, so that they can derive the same timing. If the offsetDFN is not configured, it can be treated as 0.
Proposal 19: If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE.
For LTE V2X, a UE transmits SLSS when it is configured to do so by the network with dedicated signaling (network-based) or without dedicated signaling, or it is out of coverage (UE-based). For the UE-based case, the SLSS are transmitted 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 reason for not transmitting always SLSS is to avoid unnecessary transmission close to the eNB and only transmit close to the cell edge to allow out-of-coverage UEs to receive SLSS and synchronize. The above flexibility of LTE SLSS transmission should be supported and be used as a design starting point for NR-V2X.For the triggering conditions of SLSS transmission, it is proposed 
Proposal 20: For the transmission of SLSS, LTE-V2X mechanism is reused for NR-V2X, i.e.: 
•	Network configured transmission of SLSS; and 
•	UE triggered transmission of SLSS with triggering conditions to be defined.
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,, transmission of SLSS in the direction of synchronization references, e.g. gNB/eNB or SyncRefUE, 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 synchronization references (gNB/eNB or SyncRef UE).
Proposal 21: The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements of synchronization reference signals at the RX antennas or antenna ports.

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))
}

In the RAN1#98bis meeting, we have the following agreements as:

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
	
	



For NR-V2X, the candidate fields of PSBCH are listed in the following table: 
Table 5: Candidate fields of PSBCH
	field
	Number of bits
	notes

	Offset between S-SSB and channel bandwidth
	3
	To indicate the frequency offset between S-SSB and the channel bandwidth

	BWP bandwidth
	4
	Indicate the channel bandwidth

	TDD configuration
	22
	Only cell common TDD configuration are needed.

	DFN
	4
	The frame number of sidelink

	In coverage indicator
	1
	Agreed content

	S-SSB Group index
	3
	Indicate the S-SSB group index

	S-SSB index within group
	
	By SL-MIB scrambling sequence. 
3bits for FR2, 2bits for FR1 at most. 

	Total payload bits
	37
	

	CRC bits
	24
	

	Total bits with CRC
	61
	



Proposal 22: The following fields are included in the PSBCH payload:
· TDD configuration: 22 bits
· BWP bandwidth: 4 bits
· DFN: 4bits
· S-SSB group index: 3 bits
· The frequency offset between S-SSB and channel bandwidth: 3bits

According to the above table 3, the total bits carried by PSBCH is 67 bits including the CRC, which is larger than 56 bits. Considering the PSBCH symbols within the S-SSB could be 9 symbols with NCP and 7 symbols with ECP. Assuming the DMRS mapping are with ¼ density in every PSBCH symbols, we evaluate the performance of the proposed PSBCH payload. 
As illustrated in Figure 8, the decoding performance of proposed S-SSB under urban-nlos channel models is comparable with which in LTE-V2X. Note that the transmit power is normalized considering the bandwidth difference. If we further consider the combining decoding of PSBCH within a period, the performance could be even better. Therefore, we have the following observation and proposals:
Observation 1: The 70bits payload size satisfies the performance requirements in both NCP and ECP cases. 
Proposal 23: The PSBCH payload size could be greater than 56bits, e.g., it could be 70bits. 
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[bookmark: _Ref20490268][bookmark: _Ref21421984]Figure 8: PSBCH decoding performance

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 configurations are much more complicated than 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 9. 
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[bookmark: _Ref19728812]Figure 9: TDD configuration in NR
The delivery of TDD configuration could be decomposed into two steps:
· Step 1): Indicating the slot-level information. This could be achieved by indicating the configuration period and the number of UL slots. As defined in [11], the all possible configuration periods in the unit of slots are as in the following table 6. 

Table 6: Configuration Period
	Index
	No. of slots = P*
	P
	

	1
	1
	0.5
	1

	2
	2
	0.5/1
	2 or 1

	3
	4
	0.5/1/2
	3 or 2 or 1

	4
	8
	1/2
	3 or 2

	5
	16
	2
	3

	6
	5
	0.625/1.25/2.5
	3 or 2 or 1

	7
	10
	1.25/2.5/5
	3 or 2 or 1

	8
	20
	2.5/5/10
	3 or 2 or 1

	9
	40
	5/10
	3 or 2

	10
	80
	10
	3



It is observed that the configuration period could be indexed via 4 bits. The number of UL slots within a period could be no more than 80, i.e., 7 bits. Therefore, in total 11 bits is enough to indicate the slot-level information. 
· Step 2): Indicating the symbol level information. We also seek to utilize the F and U symbols in the configurable slots for sidelink transmission. In this case, we need to firstly indicate the number of configurable slots then identify those F and U symbols within the configurable slots. The number of configurable slots could be no more than 80, so 7 bits are enough for the indication. 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 [11] can be delivered. The slot format suitable for sidelink transmission is concluded in a look-up table, as illustrated in table 7. The indication of UL symbols according to table 2 requires only 4 bits. 
Table 7: 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. 
Based on the above analysis, we have the following observation:
Observation 2: The indication of TDD configuration could be achieved using 22 bits. 
Proposal 24: Both the slot level TDD-UL-DL configuration and the simplified SFI can be carried by the PSBCH. 
· The configuration periodicity is indicated by [4]bits
· The number of UL slots within a period is indicated by [7]bits
· The number of configurable slots is indicated by[7] bits 
· The number of UL symbols in flexible slot is indicated by [4]bits.
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Figure 10: Communication in partial overlap
Whether SL-BWP information is indicated in PSBCH is discussed at last meeting. SL-BWP bandwidth is needed in PSBCH, both in in-coverage and out-of-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 25: The SL-BWP bandwidth information should be indicated by PSBCH.
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Figure 11: Frequency location of S-SSB within sidelink BWP
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. Considering the frequency location of SL-BWP, it is amount of bits to indicate the frequency location. A more reasonable way is to indicate the SL-BWP bandwidth and the frequency offset of S-SSB and SL-BWP. For in-coverage and out-of-coverage UE, the indicated frequency location of S-SSB may be different, and the relative frequency location of S-SSB and SL-BWP can be configured by network to reduce detection complexity.
[bookmark: OLE_LINK139][bookmark: _GoBack]Proposal 26: S-SSB frequency location is configured to sidelink UE together with V2X communication carrier frequency.
Proposal 27: The frequency offset between S-SSB and SL-BWP bandwidth is indicated by the in-coverage UE in the PSBCH. 

Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals are listed in the following:
Proposal 1: S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. 
Proposal 2: The repetition factor R for S-SSB should be (pre-)configured to a synchronization resource.
Proposal 3: All the candidate S-SSB should be contained within a short time window which can be defined as S-SSB burst set. 
· All the candidate S-SSB should be located in the S-SSB burst set by a discontinuous way.
Proposal 4: The S-SSB burst set is transmitted within a radio frame. 
Proposal 5: A time offset can be (pre-)configured within the S-SSB periodicity to indicate the S-SSB burst set.
Proposal 6: A unified S-SSB structure is preferred to support FR1 and FR2 with S-SSB repetition or analog beamforming. . 
Proposal 7: the following structure can be used for NR-V2X S-SSB burst set:
· 8 S-SSB candidate groups are defined which occupies 1ms.
· Every S-SSB group includes multiple candidate S-SSB.
· The interval between different S-SSB can be pre-defined.
· The following signaling can be used to configure the actually transmitted location for every S-SSB resource: 
· The actually transmitted S-SSB group(s).
· S-SSB repetition factor R. 
· The actually transmitted number x of S-SSB within each group. 
[image: ]
Proposal 8: To let the S-SSB receiver to derive the S-SSB location within an S-SSB burst set, the following information is indicated:
·  The actually transmitted S-SSB group index is indicated by SL-MIB with 3 bits
· The actually transmitted S-SSB index within the group is indicated by the scrambling sequence of SL-MIB with 3 bits for FR2 and 2 bits for FR1.
Proposal 9: At least two S-SSB resources which are allocated in two different S-SSB burst sets can be defined within the 160 ms S-SSB periodicity. 
Proposal 10: The following DMRS pattern for PSBCH is applied for NR-V2X:
· For normal CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbol.
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 9, 12
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0,7, 10
· For extended CP:
· For 15kHz SCS, i.e. DMRS are in every PSBCH symbols. 
· For 30kHz SCS, i.e. DMRS are in the symbols: 0, 6, 8, 10
· For 60kHz and 120kHz, i.e. DMRS are in the symbols: 0, 6, 9.
Proposal 11: for the PSBCH DMRS:
· DM-RS RE position shift in frequency domain is not supported.
· SLSSID is used to generate the DMRS sequence. 
Proposal 12: The sequences for S-PSS and S-SSS should be of low cross-correlation with NR Uu PSS and SSS.
Proposal 13: For S-PSS, the following two options can be used to generate the two different m sequences: 
· 
Option 1: the polynomial is , no limitation on the cyclic shift, e.g. the same cyclic shift of {0, 43} can be used for S-PSS.
· Option 2: the polynomial is the same as PSS, and the two cyclic shift can be {21, 64} or {22, 65}.
Proposal 14: For S-SSS, the same polynomial as NR Uu SSS is adopted with a different cyclic shift value as following:


Proposal 15: eNB as a synchronization source for NR V2X UEs should be an optional UE capability. 
Proposal 16: For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported.  
Proposal 17: If GNSS type synchronization source is (pre-)configured, the following timing difference should be configured to the sidelink UE:
· OffsetDFN: The timing difference between GNSS timing and gNB timing to derive the DFN when the serving cell is gNB.
Proposal 18: If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as:
SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ)
Where the μ is the SCS of the sidelink. 
Proposal 19: If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE.
Proposal 20: For the transmission of SLSS, LTE-V2X mechanism is reused for NR-V2X, i.e.: 
•	Network configured transmission of SLSS; and 
•	UE triggered transmission of SLSS with triggering conditions to be defined.
Proposal 21: The selection of TX antenna(s) or antenna port(s) for SLSS transmission depends on measurements of synchronization reference signals at the RX antennas or antenna ports.
Proposal 22: The following fields are included in the PSBCH payload:
· TDD configuration: 22 bits
· BWP bandwidth: 4 bits
· DFN: 4 bits
· S-SSB group index: 3 bits
· The frequency offset between S-SSB and channel bandwidth: 3bits
Observation 1: The 70bits payload size satisfies the performance requirements in both NCP and ECP cases. 
Proposal 23: The PSBCH payload size could be greater than 56bits, e.g., it could be 70bits. 
Observation 2: The indication of TDD configuration could be achieved using 22 bits. 
Proposal 24: Both the slot level TDD-UL-DL configuration and the simplified SFI can be carried by the PSBCH. 
· The configuration periodicity is indicated by [4]bits
· The number of UL slots within a period is indicated by [7]bits
· The number of configurable slots is indicated by[7] bits 
· The number of UL symbols in flexible slot is indicated by [4]bits.
Proposal 25: The SL-BWP bandwidth information should be indicated by PSBCH.
Proposal 26: S-SSB frequency location is configured to sidelink UE together with V2X communication carrier frequency.
Proposal 27: The frequency offset between S-SSB and SL-BWP bandwidth is indicated by the in-coverage UE in the PSBCH. 

Annex A: 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




References
[bookmark: _Ref525804019][bookmark: _Ref536782035][bookmark: _Ref525804233][bookmark: _Ref525654501][bookmark: _Ref513023823][bookmark: _Ref509941210][bookmark: _Ref520448007]RP-190984, “Revised WID on 5G V2X with NR sidelink”, LG Electronics, RAN#84, Newport Beach, USA, June 3-6, 2019.
[bookmark: _Ref7281342][bookmark: _Ref7281274][bookmark: _Ref4416694]TR 38.885 v16.0.0, “Study on Vehicle-to-Everything”, March, 2019.
[bookmark: _Ref19642778]Chairman notes, RAN1#98, Aug. 16 - 20, 2019.
[bookmark: _Ref7335304]R1-1906007, “Sidelink physical layer structure for NR V2X”, May. 13 -17, 2019.
[bookmark: _Ref7290293]R4-1905241, “Draft reply LS on NR V2X UE RF parameters for NR V2X service”, RAN4#90bis, April. 8 –12, 2019.
[bookmark: _Ref7335428]R1-1903946, “Sidelink synchronization mechanisms for NR V2X”, RAN1#96bis, April. 8 -12, 2019.
[bookmark: _Ref7335763][bookmark: _Ref15132391][bookmark: _Ref4831259]TS38.133-f60.
Chairman notes, RAN1#96, Feb. 25 - March 1, 2019.
[bookmark: _Ref7612348]TS36.331-f60.
[bookmark: _Ref15115064][bookmark: _Ref19691168]Chairman notes, RAN1#AH1901, Jan. 21 – 25, 2019.
[bookmark: _Ref21267708]TS38.213.
Chairman notes, RAN1#98bis, Oct. 14 – 20, 2019.
[bookmark: _Ref23931678]Chairman notes, RAN1#94bis, Oct. 8 – 12, 2019.

image3.png
— —offset— —

10ms S-SSB
Burst set




image4.png
Candidate 5-55B group

Actually transmitted S-SSB group




image5.png
-———-—-—-—-—-—-—-—-———————-5SSBperiodicity: 160ms- — —— ——————— —— —— — — — —

— —offset— —

/ i
K e _

/ " "
s IIATG
/ _
7 A !
Wi
8g a
I 11:1
E S 3
=% 0D <
i

\ ——
v T _
\ _

\ ——— =
- |E|| _
\ T
MITEIL ¢





image6.emf
 

B B B B B B B B GAP P P S S B

B B B B B B B B GAP P P S S

Pattern-1

Pattern-2

Pattern-3

0 1 2 3 4 5 6 7 8 9 10 11 12 13

P P S S B B B B B B B B B GAP

B

B

B

PSBCH 

with 

DMRS

PSBCH 

without 

DMRS

Pattern-0 P P S S B B B B B GAP B B B B


image7.emf
 

B P P S S B B B

B

GAP

B P P S S B GAP B B

B P P S S B B B B B B GAP

Pattern-1a

Pattern-2a

Pattern-3a

0 1 2 3 4 5 6 7 8 9 10 11

B B B

B

B

B

B

PSBCH 

with 

DMRS

PSBCH 

without 

DMRS

B P P S S GAP B

Pattern-0a

B B B B B


image8.JPG
PSBCH decoding performance, 6GHz, 15kHz, 6km/h.
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PSBCH decoding performance, 6GHz, 15kHz, 500km/h.
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PSBCH decoding performance, 6GHz, 30kHz, 6km/h.

— — —ECP, Pattern-0a
— — —ECP, Pattern-1a
— — —ECP, Patiern-2a
~ — ECP,Pattem-3a
—-==NCP, Pattern-0
—==NCP, Pattern-1
—-—-=NCP, Patiern-2
~ —  NCP, Pattern-3

100

NERE]

10

12

SNR(dB)




image12.JPG
PSBCH decoding performance, 6GHz, 30kHz, 240km/h.
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PSBCH decoding performance, 6GHz, 30kHz, 500km/h.
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PSBCH decoding performance, 6GHz, 60kHz, 6km/h.
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PSBCH decoding performance, 6GHz, 60kHz, 240km/h.
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PSBCH decoding performance, 6GHz, 60kHz, 500km/h.
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