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1. Introduction
Regarding the synchronization mechanism in NR V2X, the following agreements have been achieved in the previous meetings[1]:

	Agreements:

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

· 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
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.

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


In this paper, we provide the performance evaluations and discuss the details of S-SSB transmission/reception.

2. SLSS

2.1. S-PSS sequence generation
In NR, two polynomials (i.e., 145 and 131) are used to generate SSS, and the first polynomial 145 is also used for PSS. In NR sidelink, it was agreed to use m sequence and golden sequence for S-PSS generation and S-SSS generation respectively. The most straightforward approach would be to reuse the polynomials of NR SSS. 

As shown in Figure(a) and Figure(b), it is evident that both polynomials have far more significant autocorrelation peak than the mean cross-correlation, implying that they both have well-focused time-domain autocorrelation property. In this respect, it seems either reusing 145 with additional cyclic shifts or using the second polynomial would be feasible. 

Nevertheless, to prevent false detection between NR Uu and NR sidelink, the low cross-correlation between S-PSS and PSS must be guaranteed. One main concern of reusing 145 for S-PSS generation is that the side effect of correlation property will aggravate if two additional CSs are introduced. More specifically, the gap between two neighboring used CSs will be halved to 21 if two S-PSS sequences are supported. As the estimated CS will be offset by several steps from the target CS due to frequency drift, a narrowed CS gap not only increases the cross-correlation value between used CSs but also weakens the reliability of the sequence detection. For example, assuming that 145 with CS=21 is used for S-PSS, SNR=6dB, and initial frequency offset (IFO) =15kHz, we observed that the CS corresponds to the peak correlation value is 33, which is in the middle of CS=21 and CS=43. Therefore UE has a risk of mistaking the S-PSS for PSS.

To estimate the impact of the frequency offset on the property of 145 with narrowed CS gap, we have performed evaluations by comparing the cross-correlation between 145 with different CSs, and the cross-correlation between 145 and 131. The autocorrelation of 145 with target CS=21 is also provided in Figure (c) and Figure (d). We observed that the peak value of the cross-correlation of 145 and the autocorrelation value of target CS=21 change with respect to IFO. As the IFO keeps increasing, autocorrelation further decreases and becomes much lower than subpeak at IFO=20kHz. By contrast, the peak of the cross-correlation between 131 and 145 is more impervious to IFO and is always much lower than the peak and subpeaks of 145, making it good from the robustness point of view. From the evaluation results, it is seen desirable to use the second polynomial, i.e., 131, for S-PSS generation, which not only ensures excellent cross-correlation property but also avoids potential misdetection. The simulation results of 15kHz and 60kHz in the appendix also show similar trends.
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	(a) Correlation of 145
	(b) Correlation of 131
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	(c) 30kHz, 6km/h
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	(d) 30kHz, 250km/h


Observation 1: The autocorrelation of 145 and the cross-correlation between 145 with different CSs change with frequency offset; if 145 is used for S-PSS generation, the estimated CS is far apart by several steps from the target CS when IFO is high, resulting in confusion between S-PSS and PSS.

Observation 2: The cross-correlation between 131 and 145 is more impervious to the initial frequency offset and is much lower than the peak and subpeaks of 145 correlation.
Proposal 1: For S-PSS sequence generation, the second polynomial of SSS, i.e., x7+x+1, is used.

2.2. S-SSS sequence generation
In addition to S-PSS, it was discussed in the previous meeting that whether additional CS should be introduced for S-SSS generation. Applying additional CSs for S-SSS also facilitates the elimination of misunderstanding between S-SSB and SSB on the shared band as different sequences are introduced for S-SSS. However, it doubles the detection complexity as the hypotheses of S-SSS sequences scales with the introduced additional CS. Moreover, UE can distinguish S-SSB and SSB at the stage of PSS/S-PSS detection; further differentiation between SSS and S-SSS may be redundant.
Proposal 2: For S-SSS sequence generation, the polynomials and sequences of SSS are reused.

Proposal 3: Confirm the working assumption:

· Same sequence is used for both symbols of S-PSS

· Same sequence is used for both symbols of S-SSS
3. S-SSB transmission/reception
3.1. Sync resource

In LTE V2X, two or three sync resources are (pre-)configured for SLSS transmission and reception. If two sync resources are configured, one is for SLSS reception, and the other one is for SLSS transmission. If the third dedicate resource is configured, it should be used for SLSS transmission of OoC UE directly synced to GNSS. Together with the in-coverage indication and SLID, UE is able to announce its sync source type. 
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Figure 1. Excluding sync resources before determining LTE resource pool

In order to ensure that (IC) UE and out-of-coverage (OoC) UE can detect each other, the sync resource shall be defined in physical time. Otherwise, IC UE and OoC UE may have different understandings of the absolute time of SLSS transmission/reception.

While sync resources are excluded from the resource pools for PSSCH/PSCCH in LTE, LTE V2X UE can't transmit/receive synchronization signals and other signals simultaneously. In this case, if a packet arrives at the slot of SLSS, it is forced to be delayed until the next subframe where communication is available. This issue also exists in NR. Considering the half-duplex restriction, it is not feasible to multiplex S-SSB and another signal in the frequency domain to solve the above issues. Generally, UEs who choose the same synchronization resource to transmit S-SSB usually share the same sync priority. If they send packets with S-SSB together in an FDM manner, they will miss packets from each other.

Proposal 4: The sync resource for S-SSB transmission/reception are excluded from the candidate resources for any sidelink resource pool, and should be defined in physical time.

In LTE V2X, UE firstly excludes the configured sync resources, DL/special subframes and reserved subframes from 10240 subframes, further applies a subframe bitmap to the remaining subframes and finally derives the time-domain resources of the resource pool.

However, in NR, flexible numbers of S-SSB transmission are supported for large SCS. Therefore, different numbers of S-SSB transmission can be are applied to IC UE and OoC UE. For example, gNB configures IC UE to send 1 S-SSB with 60kHz to reduce the sidelink overhead, while the OoC UE is pre-configured to transmit 2 S-SSBs to ensure service coverage. This means, the sync resources for transmission and reception can be divergent in size, and it is not clear which assumption (1/2/4) should be made about each sync resource when determining the resource pool. 

There are several alternatives:

· Alt.1: Sync resource size is determined as the (pre-)configured number of S-SSB slots, UE excludes sync resources based on its (pre-)configuration.

· Alt.2: Sync resource size is determined as the maximum number of S-SSB slots for each SCS, UE excludes (N*maximum number of S-SSB slots) if N sync resources are configured.
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Figure 2. Alternatives for defining sync resources 
For Alt.1, it is not clear that how OoC UE can possibly know the number of S-SSB configured by gNB and determine the size of resource 1 such that IC UE and OoC UE may have misaligned understandings of sync resources and resource pools. 

Alt.2 may result in resource waste if the number of actually transmitted S-SSB is much smaller than the maximum S-SSB number. To avoid low resource efficiency, if a slot in a sync resource is not actually used for S-SSB, it should be allowed to be reutilized by gNB for another purpose.

Proposal 5: For the sync resource for S-SSB transmission/reception, sync resource size is determined as the maximum number of S-SSB slots for each SCS.

3.2. S-SSB frequency position

In RAN1 it was agreed that there are no multiple hypotheses of frequency location of S-SSB in a carrier. In the last meeting, RAN4 achieved the following agreements:

	No need to define sync raster for NR V2X for both licensed bands and unlicensed bands.


Since there is no restriction from RAN4 on the candidate frequency positions of S-SSB, it is possible for gNB and OEM to configure any frequency position for S-SSB transmission/reception purpose by indicating an NR-ARFCN number. 
In LTE, the PSSS and SSSS are always located at the center of the SL carrier. Since the SL carrier can be deployed on an arbitrary location over a carrier raster of 100 kHz, a high flexibility of SL deployment is allowed for both IC UE and OoC UE. The drawback of this design is that UE without knowledge of carrier deployment has to search each possible channel raster.

In NR, gNB has the flexibility to re-configure the SL BWP for connected UE. For example, as shown in Figure 3 and Figure 4, for idle UE2 on SL carrier1, an SL BWP2 is provided; while for connected UE1, gNB re-configures SL BWP1 which fully contains the SL BWP2.   

If an approach similar to LTE, i.e., always locating the S-SSB at the center of the carrier is used for NR, then there is only 1 possible S-SSB position for each SL carrier. As shown in Figure 3 REF _Ref23852835 \h 
 \* MERGEFORMAT , S-SSB position1 and S-SSB position2 are aligned, but the offsets between S-SSB and the lowest usable subcarrier of the SL BWP are different between UE1 and UE2. However, in this case, the offset must be explicitly included in PSBCH.
If S-SSB locates at the center of the SL BWP, as illustrated in Figure 4, then the S-SSB positions for SL BWP1 and SL BWP2 can be different. In this case, with an indicated SL BWP BW in PSBCH, UE can determine the location of the re-configured BWP.

Proposal 6: For a connected NR V2X UE, the SL BWP for an SL carrier can be re-configured by gNB.

Proposal 7: For an SL BWP, the frequency position for S-SSB transmission/reception is located at the center of the SL BWP.
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Figure 3. Example of transmitting S-SSB at the center of SL carrier
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Figure 4. Example of transmitting S-SSB at the center of SL BWP
3.3. S-SSB pattern
Due to oscillator imperfections, UE must keep receiving SSB to compensate for variations in time and frequency and maintain DL timing strictly. An issue of operating NR sidelink in the NR shared band is the limited candidate resources for S-SSB due to the large number of always-on signals transmitted by gNB. In addition to always-on SSB, since both NR SIB1 and the new SIB-x (for sidelink configurations) are necessary for IC sidelink operation, they are also visible and in some sense, are sort of always-on transmissions to IC sidelink UE. Typically, the SIB-x can share the same search space of SIB1. However, the NR SSB and search space#0 may span a long duration. Consequently, as shown in Figure 5, the resources left for sidelink are quite limited. 
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Figure 5. Example of resource available for sidelink in shared band
The candidate positions of S-SSB, therefore, should be carefully designed to ensure that in most cases the network can find an S-SSB pattern configuration that does not overlap with always-on Uu transmissions (i.e., SSB and search space #0) in the time domain. Some design principles can be considered for this purpose:
Generally, within a period, e.g., within a TDD pattern cycle, DL resources are always located in the front of the cycle, while UL/F resources are located in the end. Thereby, a compact S-SSB pattern where S-SSBs are mapped to the end of a time window should be considered to avoid potential collision and interference with DL signals. It is also feasible to support a front-loaded S-SSB pattern. Given that up to 64 S-SSBs are supported for 120kHz, the time window for S-SSB burst can be 10ms to support the compact pattern. In this case, the offset of the time window can be defined in frame level and directly derived by DFN.
[image: image10.png][ofofofololo[o o D D [F[F[F[F[F]FIFIF]F[F] TOD Config

——sm———|

5540
Fumaon]

Uu slot containing 2 55B

Monitoring slot of search spaced

SLslot containing 5-5sB



 
Figure 6. Examples of end-loaded S-SSB 
Potential candidates of the compact S-SSB pattern are shown below.
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Figure 7. Example of compact S-SSB pattern
Proposal 8: Support a compact S-SSB pattern where slot(s) containing N S-SSB(s) are the first N or the last N slot(s) in a 10 ms time window.
In addition to the compact pattern, a distributed S-SSB pattern was also discussed. For the distributed pattern. If the number of bursts, burst size, the interval between two distributed S-SSB bursts and the offset to the first burst are (pre-)configured, TX UE should indicate these types of information in its PSBCH to inform RX UE of its pattern.
With these configurable parameters, the distributed S-SSB pattern can be quite flexible. However, there are some issues on how to exclude the sync resources. Taking 120kHz as an example. If two sync resources are provided by both configuration and pre-configuration, then 64*2 slots are expected to be excluded before determining the RX pool according to the previous discussion. Since RX OoC UE has no prior knowledge of the distributed pattern used by the TX IC UE before PSBCH decoding, it is not able to identify either the number of burst within a pattern or the burst size that are configured for the TX UE. 
This ambiguity may lead to RX OoC UE remains conservative, such that it excludes 2*S*64 slots based on its pre-configuration where S is the maximum number of S-SSB burst supported. Consequently, the resources remained for the RX pool will be highly limited. Alternatively, it can determine the number of bursts and interval after PSBCH decoding, after which it excludes 2*Sa*64 slots from the 10240ms where Sa is the indicated number of S-SSB burst in PSBCH. However, this alternative tightly couples RX pool definition with a (pre-)configurable pattern, which is not robust enough to determine the RX pool.
Observation 3: If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, TX UE has to indicate the number of bursts and burst size in its PSBCH to inform RX UE of its pattern.
Observation 4: If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, there are some issues on how to define the sync resource and how to exclude the sync resources from the resource pool.
Proposal 9: Distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is not supported.
In order to guarantee the PSBCH detection performance and transmission coverage, S-SSB repetition with the same QCL assumption should be supported. One way of supporting QCL pattern design is that S-SSB with the same value of (S-SSB index mod M) can be assumed as QCLed, where the value of QCL factor M can be pre-defined. For example, S-SSB number=16, SCS=60kHz, and M=4, then for S-SSB with S-SSB index equals 1/5/9/13 (satisfying S-SSB index MOD 4 = 1) are QCLed with each other, while S-SSB with different values of (S-SSB index MOD 4) can be used for beam sweeping. Alternatively, S-SSB with the same value of (S-SSB index/M) can be assumed as QCLed, examples of both alternatives are shown below.
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Figure 8. QCL assumption of S-SSB
Proposal 10: A subset of S-SSB can be assumed as QCLed. For example, the S-SSB with the same value of (S-SSB index MOD M) or (S-SSB index/M) can be assumed as QCLed, where M is a QCL factor.
4. PSBCH 
4.1. S-SSB index
In R15 Uu, the SSB index implicitly provides the relative location of the SSB within a 5ms time window. In FR1, the SSB index is fully carried by DMRS while for FR2 it is carried as two-part, i.e., 3 bits in DMRS and 3 bits in PBCH. After obtaining the SSB index from DMRS (and PBCH), in combination with HFI indicating the location of the 5ms time window, UE is able to derive the frame boundary and slot boundary.
The benefit of this design is to keep MIB unchanged over an 80ms TTI at least for FR1, while for FR2 due to limited bit size conveyed by DMRS, MIBs of different SSBs in the same periodicity are inherently different from each other. Thereby, only combining of inter-periodicity SSB with the same index is expected for R15 UE.
A similar design can be reused for NR sidelink, that is, the S-SSB index identifies the relative location of S-SSB within a burst. For FR1, 3 bits S-SSB index are indicated in DMRS; while for FR2, 3 bits S-SSB index are indicated by DMRS, and 3 bits S-SSB index are indicated in PSBCH.
Proposal 11: For FR1, 3 bits S-SSB index are carried by DMRS, while for FR2, 3 bits S-SSB index are carried by DMRS, and 3 bits S-SSB index are carried by PSBCH.
4.2. TDD-configSL in intra-RAT scheduling
In LTE, if an IC sidelink UE obtains SIB1, it sets TDD-configSL in PSBCH to the value representing the same meaning as of TDD-config in the received SIB1. The main reason is to inform the partial coverage UE of the frame structure configured on Uu such that the partial coverage UE can identify UL sub-frames and derive its TX/RX resource pool.

NR TDD-config in SIB1 can be constructed by up to two distinct TDD patterns, each of which spans a configurable period belonging to {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms. Thus, the periodicity of NR TDD-config can be a concatenation of two specific periodicities if 2 patterns are configured. It is noted that the semi-statically configured pattern duration shall divide 20 ms evenly to align with the default SSB periodicity. 
Different periodicities should also be supported by TDD-configSL. In order to adapt to the Uu configuration, the periodicity of TDD-configSL should be the same as Uu TDD-config. Denoting the periodicity of TDD-config as P, the periodicities of each TDD pattern as P1 and P2, we summarize all possible values and combinations of P in Table 3 and Table 4, respectively.
Proposal 12: Multiple periodicities are supported for TDD-configSL in S-SSB, the periodicity of TDD-configSL is the same as that of NR Uu TDD-config in SIB1.
Table 2. Periodicity of NR TDD-config with single TDD pattern
	
	P1, Periodicity of single TDD pattern(ms)

	15 kHz
	0.5
	1
	2
	5
	10
	
	
	

	30 kHz
	0.5
	1
	2
	2.5
	5
	10
	
	

	60 kHz
	0.5
	1
	1.25
	2
	2.5
	5
	10
	

	120 kHz
	0.5
	0.625
	1
	1.25
	2
	2.5
	5
	10


Table 3. Periodicity of NR TDD-config with up to two TDD patterns
	
	P, Periodicity of single or two TDD patterns(ms)
P=P1+P2 if two TDD patterns are configured,
P=P1 if single TDD pattern is configured

	15 kHz
	0.5
	1
	2
	4
	5
	10
	20
	
	
	

	30 kHz
	0.5
	1
	2
	2.5
	4
	5
	10
	20
	
	

	60 kHz
	0.5
	1
	1.25
	2
	2.5
	4
	5
	10
	20
	

	120 kHz
	0.5
	0.625
	1
	1.25
	2
	2.5
	4
	5
	10
	20


Table 4. Combinations of the periodicity of NR TDD-config
	P


	0.5
	0.625
	1
	1.25
	2
	2.5
	4
	5
	10
	20

	P1
	0.5
	0.625
	1
	1.25
	2
	2.5
	/
	5
	10
	/

	P1+P2
	/
	/
	0.5+0.5
	0.625+0.625
	1+1
	1.25+1.25
	2+2
	2.5+2.5
	5+5
	10+10

	P1+P2
	/
	/
	/
	/
	/
	2+0.5
	/
	/
	/
	/

	P1+P2
	/
	/
	/
	/
	/
	0.5+2
	/
	/
	/
	/


To indicate the periodicity of TDD-configSL in PSBCH, there are two options:

· Option1. If P1, P2 are indicated separately, 3*2=6 bits are required. Additionally, 1 bit is needed to indicate whether there are 1 pattern or two patterns configured, thereby 6+1=7 bits are needed.

· Option2. As shown in Table 4, there are 18 combinations in total, thus 5 bits are required.
As the analysis above, option.2 incur less PSBCH overhead. Therefore, option 2 is preferred and the following proposal is made.
Proposal 13: 5 bits in PSBCH are used to indicate the periodicity of TDD-configSL.
In NR, in addition to periodicity, over 50 bits are used to indicate UL-DL partitioning in SIB1. It is impossible for NR sidelink UE to convey so many bits in PSBCH. Some simplifications or restrictions are required. 

One straightforward solution is that PSBCH contains indicator(s) of either the number of resources available for sidelink or the number of resources prohibited for sidelink. For the most extreme case, when SCS=120kHz, P1=10ms, and P2=10ms, each TDD pattern contains 80 slots, thereby 7*2=14 bits are sufficient to indicate the number of slots available for sidelink.
Observation 5: If PSBCH indicates the number of resources available for sidelink with slot-level granularity, 14 bits are required.
If the full flexibility is supported, based on the above discussion, 14+5=19 bits in total are needed. However, given that PSBCH payload is very limited, further optimizations can be considered. A coarse granularity can be used to derive TDD-configSL. For example, regardless of the reference SCS used by NR Uu TDD-config, a sidelink UE converts the NR TDD-config into a lower SCS, e.g., 15kHz, and then indicates the number of subframes available for sidelink in PSBCH. With millisecond-level scaling, then the overhead of indicating the number of resources available for sidelink can be reduced to 4*2=8 bits. Thereby the total overhead of TDD-configSL can be further squeezed to 8+5=13 bits.

Observation 6: If PSBCH indicates the number of resources available for sidelink with millisecond-level granularity, 8 bits are required.
Proposal 14: 8 bits in PSBCH are used to indicate the resources available for sidelink in TDD-configSL.
It is noted when the periodicity of TDD-config is one slot, the TDD-config, in some sense, is a semi-statically configured slot format which repeats every slot, in this case, it is feasible to indicate SFI which represents the slot format in PSBCH.

Proposal 15: When the periodicity of TDD-configSL is 1 slot for a given SCS, PSBCH directly indicates an SFI index which represents the slot format of each slot.
4.3. TDD-configSL in inter-RAT scheduling
Moreover, since the NR sidelink UE can also obtain the 3-bit LTE TDD-config from eNB (in the case of LTE controlling NR sidelink), whether it should just follow the LTE sidelink UE behavior or not need to be discussed. If it does, the TDD-configSL filed has two structures, depending on the RAT type. In this case, the receiver may be confused about how to interpret the TDD-config SL part. In our view, from the perspective of consistency, TDD-configSL of NR should be designed in a standard format to handle intra-RAT/inter-RAT cases in the same way. 

Observation 7: The TDD-configSL configurations provided by eNB and gNB have different formats.
Proposal 16: A unified PSBCH payload should be defined for in all cases, e.g., under the controlled of NR network or LTE network.
4.4. Sync source type indication
In the last meeting, it was discussed whether a sync source type indication is necessary or not since offsetDFN values configured by eNB and gNB can be different. 

For an IC UE using GNSS as its sync resource, it identifies the sync type (e.g., eNB or gNB) by DL SS detection, and uses the offsetDFN in NW configuration to align DFN and SFN. The only usage of indicating the sync resource type in PSBCH is to inform the OoC UE of the NW type. However, if an OoC UE decides to sync to an IC UE, it can obtain the frame-level timing and slot-level timing information from the received PSBCH. Thereby there is no need to apply offsetDFN. In LTE V2X, the RX OoC UE directly applies the received DFN and subframe number in received PSBCH.
	36.331
Upon receiving MasterInformationBlock-SL or MasterInformationBlock-SL-V2X, the UE shall:

1>
apply the values of sl-Bandwidth, subframeAssignmentSL, directFrameNumber and directSubframeNumber included in the received MasterInformationBlock-SL or MasterInformationBlock-SL-V2X message;


Observation 8: If an OoC UE has synced to an IC UE, it aligns its timing to that of the IC UE.
Proposal 17: Sync source type indication is not needed for both OoC and IC UE.
4.5. PSBCH content
Based on the above discussion, Table 5 summarizes the information to be included in PSBCH. 

Table 5. PSBCH content

	
	FR1
	FR2
	Description 

	DFN
	10
	10
	Direct frame number, also indicates the offset of S-SSB pattern

	S-SSB index
	0

(0-3 LSB in DMRS)
	3 

(3 LSB in DMRS)
	Reusing the mechanism of NR Uu as much as possible.

	S-SSB pattern
	1
	1
	1 bit indicates S-SSB pattern (front-loaded or end-loaded)

	TDD-configSL

(periodicity+SL resources)
	Periodicity:5 bits
	Periodicity:5 bits 
	This field mainly benefits the partial-coverage cases. Specifically, if an out-coverage UE obtains the TDD-config from an IC UE, it will not try any sidelink operations in the resources classified as DL.

If the periodicity is 1 slot, 6 bits are used to indicate an SFI which represents the slot format of each slot.

	
	SL resources :

8 bits
	SL resources :

8 bits
	

	Bandwidth
	3
	3
	This field is used to provide the bandwidth of the (pre-)configured sidelink BWP 

	In-coverage indication
	1
	1
	Same as LTE V2X

	     Reserved bits

Reserved bits Reserved bits
	1
	1
	Further extension


Proposal 18: PSBCH payload includes:

· DFN: 10 bits

· Part of S-SSB index: 3 bits
· S-SSB pattern: 1 bit
· TDD-configSL: 13 bits 

· periodicity: 5 bits
· resources: 8 bits

· The bandwidth of the SL BWP: 3 bits
· In-coverage indication: 1 bit

· Reserved bits for future extension: 1 bit
5. PSBCH Scrambling

Two-layer scramblings are used for the PBCH in R15. In the 2nd scrambling, the scrambling sequence is generated base on the 2/3 LSB of the SSB index. That is, 4/8 scrambling sequences are determined after DMRS detection, which not only randomizes the interference between different SSBs but also avoids multiple hypotheses of de-scrambling. In the 1st scrambling, information which impacts multi-shot combining, i.e., 2/3 LSB of SFN and 3MSB of SSB index that changes over a TTI, are not scrambled, so that UE can obtain the values of 2/3 LSB of SFN before de-scrambling and determine whether two received PBCH instances can be combined or not, thereby avoiding unnecessary polar decoding attempts. 
NR sidelink can reuse the design of two-layer scrambling. However, given that the TTI for PSBCH is twice of PBCH and repetition is supported for PSBCH, information impacts combining will be different from that in Uu and should be further discussed.
Proposal 19: Two-layer of scrambling are supported for NR PSBCH.

Proposal 20: For 1st PBCH scrambling, the gold sequence initialized by SLID and a part of frame number is used. 
Proposal 21: 1st scrambling is applied to PSBCH payload excluding the S-SSB index and the part of frame number for initialization, prior to CRC attachment and encoding process.
Proposal 22: For the 2nd PBCH scrambling, the gold sequence initialized by SLID is used. 

6. PSBCH DMRS
PSBCH decoding performance relies on the DMRS pattern. We have performed evaluations assuming different DMRS patterns as shown in Figure 9. 

In Figure 9, ‘B(D)’ indicates that the PSBCH symbol contains DMRS where ‘B’ means that this symbol is purely for PSBCH content mapping. In option 1, which is similar to NR Uu, each PSBCH symbol contains DMRS. In option 2 and option 3, sparser time-domain DMRS patterns are used, i.e., DMRS occupies every second PSBCH symbol and every third PSBCH symbol, respectively. Table 6 shows the code rate of PSBCH with different DMRS patterns, which ranges from 0.027 to 0.031. Figure(e)-Figure(j) give PSBCH decoding performance comparison assuming different DMRS time-domain densities. 
According to the results, it can be observed that the performance of PSBCH decoding performance of option 1 is slightly better than the others when UE speed is 6km/h. Meanwhile, for the high-speed scenario, it also shows a 0.7~ 1dB gain over that of the other two options in 15/30/60 kHz SCS cases. This is because, in option 1 where up to 9 DMRS symbols are included in an S-SSB, the receiver is allowed to use these DMRS symbols for more precise channel estimation by doing time-domain interpolation. It also implies that the advantages of interpolating channel estimates in frequency based on pure DMRS symbol outweigh the disadvantages brought by a higher PSBCH code rate. In some sense, PSBCH code rate lower than 0.031 is sort of over-optimization and brings negligible improvement from the perspective of PSBCH detection probability. The coverage will also be restricted due to the worse PSBCH performance in this case. Additional simulation results for high speed (i.e., 500km/h) as well as ECP are shown in the appendix.
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Figure 9. Examples of time-domain DMRS patterns

Observation 9: When DMRS frequency domain density is fixed, there is only a little difference between PSBCH decoding performances assuming PSBCH DMRS with different time-domain patterns in low-speed case, while in high-speed case, option.1 shows a 0.7~ 1dB gain over that of the other two options.
Observation 10: When the PSBCH code rate is less than 0.031, further reduction of PSBCH code rate can only provide negligible performance gain.
Proposal 23: Each PSBCH symbol contains DMRS.

Proposal 24: PSBCH DMRS sequence is generated based on SLID and a part of the S-SSB index.
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	(e) 15kHz (option1), 6km/h
	(f) 15kHz (option1), 250km/h
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	(g)  30kHz, 6km/h
	(h) 30kHz, 250km/h
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	(i) 60kHz, 6km/h
	(j) 60kHz, 250km/h


Table 6. Code rate of PSBCH with different DMRS patterns 
	
	freq density
	Symbols with DMRS
	Symbols w/o  DMRS
	Effective PSBCH symbols
	Code rate

	Gap=1
	1/4
	9
	0
	6.75
	0.031

	Gap=2
	1/4
	5
	4
	7.75
	0.027

	Gap=3
	1/4
	4
	5
	8
	0.027


7. Conclusion

In this contribution, we discuss some remaining issues of NR sidelink synchronization mechanism and have the following observations and proposals: 
Observation 1: The autocorrelation of 145 and the cross-correlation between 145 with different CSs change with frequency offset; if 145 is used for S-PSS generation, the estimated CS is far apart by several steps from the target CS when IFO is high, resulting in confusion between S-PSS and PSS.
Observation 2: The cross-correlation between 131 and 145 is more impervious to the initial frequency offset and is much lower than the peak and subpeaks of 145 correlation.
Observation 3: If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, TX UE has to indicate the number of bursts and burst size in its PSBCH to inform RX UE of its pattern.
Observation 4: If the distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is supported, there are some issues on how to define the sync resource and how to exclude the sync resources from the resource pool.
Observation 5: If PSBCH indicates the number of resources available for sidelink with slot-level granularity, 14 bits are required.
Observation 6: If PSBCH indicates the number of resources available for sidelink with millisecond-level granularity, 8 bits are required.
Observation 7: The TDD-configSL configurations provided by eNB and gNB have different formats.
Observation 8: If an OoC UE has synced to an IC UE, it aligns its timing to that of the IC UE.
Observation 9: When DMRS frequency domain density is fixed, there is only a little difference between PSBCH decoding performances assuming PSBCH DMRS with different time-domain patterns in low-speed case, while in high-speed case, option.1 shows a 0.7~ 1dB gain over that of the other two options.
Observation 10: When the PSBCH code rate is less than 0.031, further reduction of PSBCH code rate can only provide negligible performance gain.
Proposal 1: For S-PSS sequence generation, the second polynomial of SSS, i.e., x7+x+1, is used.
Proposal 2: For S-SSS sequence generation, the polynomials and sequences of SSS are reused.
Proposal 3: Confirm the working assumption:
· Same sequence is used for both symbols of S-PSS

· Same sequence is used for both symbols of S-SSS

Proposal 4: The sync resource for S-SSB transmission/reception are excluded from the candidate resources for any sidelink resource pool, and should be defined in physical time.
Proposal 5: For the sync resource for S-SSB transmission/reception, sync resource size is determined as the maximum number of S-SSB slots for each SCS.
Proposal 6: For a connected NR V2X UE, the SL BWP for an SL carrier can be re-configured by gNB.
Proposal 7: For an SL BWP, the frequency position for S-SSB transmission/reception is located at the center of the SL BWP.
Proposal 8: Support a compact S-SSB pattern where slot(s) containing N S-SSB(s) are the first N or the last N slot(s) in a 10 ms time window.
Proposal 9: Distributed S-SSB pattern with a configurable number of bursts and a configurable burst size is not supported.
Proposal 10: A subset of S-SSB can be assumed as QCLed. For example, the S-SSB with the same value of (S-SSB index MOD M) or (S-SSB index/M) can be assumed as QCLed, where M is a QCL factor.
Proposal 11: For FR1, 3 bits S-SSB index are carried by DMRS, while for FR2, 3 bits S-SSB index are carried by DMRS, and 3 bits S-SSB index are carried by PSBCH.
Proposal 12: Multiple periodicities are supported for TDD-configSL in S-SSB, the periodicity of TDD-configSL is the same as that of NR Uu TDD-config in SIB1.
Proposal 13: 5 bits in PSBCH are used to indicate the periodicity of TDD-configSL.
Proposal 14: 8 bits in PSBCH are used to indicate the resources available for sidelink in TDD-configSL.
Proposal 15: When the periodicity of TDD-configSL is 1 slot for a given SCS, PSBCH directly indicates an SFI index which represents the slot format of each slot.
Proposal 16: A unified PSBCH payload should be defined for in all cases, e.g., under the controlled of NR network or LTE network.
Proposal 17: Sync source type indication is not needed for both OoC and IC UE.
Proposal 18: PSBCH payload includes:
· DFN: 10 bits
· Part of S-SSB index: 3 bits

· S-SSB pattern: 1 bit

· TDD-configSL: 13 bits 

· periodicity: 5 bits

· resources: 8 bits

· The bandwidth of the SL BWP: 3 bits

· In-coverage indication: 1 bit

· Reserved bits for future extension: 1 bit

Proposal 19: Two-layer of scrambling are supported for NR PSBCH.
Proposal 20: For 1st PBCH scrambling, the gold sequence initialized by SLID and a part of frame number is used.
Proposal 21: 1st scrambling is applied to PSBCH payload excluding the S-SSB index and the part of frame number for initialization, prior to CRC attachment and encoding process.
Proposal 22: For the 2nd PBCH scrambling, the gold sequence initialized by SLID is used.
Proposal 23: Each PSBCH symbol contains DMRS.
Proposal 24: PSBCH DMRS sequence is generated based on SLID and a part of the S-SSB index.
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Annex A：Sequence evaluation
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	(k) 15kHz, 6km/h
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	(l) 15kHz, 250km/h
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	(m) 60kHz, 6km/h
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	(n) 60kHz, 250km/h


Annex B：DMRS evaluation
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	(a) 15kHz, 500km/h
	(b) 30kHz, 500km/h
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	(c) 60kHz, 500km/h
	(d) 15kHz, 6km/h, ECP
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	(e) 15kHz, 250km/h, ECP
	(f)  15kHz, 500km/h, ECP
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	(g) 30kHz, 6km/h, ECP
	(h) 30kHz, 250km/h, ECP
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	(i)  30kHz, 500km/h, ECP
	(j)  60kHz, 6km/h, ECP
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	(k) 60kHz, 250km/h, ECP
	(l)  60kHz, 500km/h, ECP


