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Introduction
In RAN1#98, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [1]:
 (
Agreements
:
For S-SSB pattern design, the first symbol is PSBCH
Note: no specific symbol(s) reserved for AGC tuning
Agreements
:
T
he number of NR V2X SSID is 672
 with
 the combination of {2 S-PSS candidates 
*
 
336
 S-SSS candidates}
.
Agreements
:
NR S-SSB structure for NCP is as follows:
For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6
Send LS to RAN4 
(
R1-1909788
, 
Teng
, 
CATT
) 
with the above agreements, and add:
It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol. 
The draft LS is 
approved 
with the following updates:
Remove the 2
nd
 & the 3
rd
 last agreements
, and respectfully asks RAN4’s feedbacks on whether a transient period is needed or not
With the final LS in R1-1909874
Agreements
:
160ms is supported as the S-SSB periodicity for all SCS.
The number of S-SSB transmissions within one S-SSB period is (pre)configurable
The following values with 
change marks
 are further agreed:
Note: the values in bracket are subject to further discussion regarding potential removal all-together
For FR1:
For 15kHz SCS, {1, 
[
2
]
}
For 30kHz SCS, {1, 2
, 
[4]
}
For 60kHz SCS, {
1, 
2, 4, 
[
8
]
}
For FR2:
For 60kHz SCS, {
1, 
2, 4, 8
, 16, 32
}
For 120kHz SCS, {
1, 2, 4, 
8, 16, 32
, 64
}
FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition
?,
 etc.)
Agreements:
RS based synchronization can be supported by UE implementation
 without RAN1 specification impact
.
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This contribution discusses sidelink synchronization mechanism in NR V2X with the evaluation results. Section 2 discusses and evaluates the sequences of sidelink synchronization signals, S-SSB structure, 2/4/8 S-SSB transmission for 15/30/60 KHz SCS, PSBCH contents, payload size of PSBCH, and synchronization priorities. Section 3 summarizes the proposals with conclusions.

Discussion
This section discusses and evaluates the sequences of sidelink synchronization signals, S-SSB structure, 2/4/8 S-SSB transmission for 15/30/60 KHz SCS, PSBCH contents, payload size of PSBCH, and synchronization priorities. 

Sequences of S-PSS and S-SSS

From RAN1#96bis [3], length-127 M-sequences should be used for S-PSS and length-127 Gold sequences for S-SSS in NR V2X. The sequence types of NR V2X S-PSS/S-SSS are the same as that of NR DL-PSS/DL-SSS. The sequence generation schemes of NR DL-PSS and DL-SSS should be the starting point for the sequence generation of NR V2X SLSS. The S-PSS/S-SSS sequence generation should reuse the existing methods of sequence generation of DL-PSS/DL-SSS as much as possible to minimize standardization efforts.
Considering the characteristics of M-sequence, S-PSS should use the same polynomial and initial values as those of DL-PSS to generate sequences with different cyclic shifts. The S-PSS and DL-PSS can have low correlation to each other. The two cyclic shifts of S-PSS should keep the maximum distance from {0, 43, 86}, which had been used as cyclic shifts by DL-PSS. According to this criterion, the two candidate cyclic shifts of S-PSS can be set to {22, 65}.
For S-SSS sequence generation, S-SSS can directly reuse DL-SSS Gold sequences with the same polynomials, initial values and cyclic shifts as that of DL-SSS. 
And In order to support symbol-level detection, the working assumption that same sequence is used for both symbols of S-PSS or S-SSS is confirmed.
In LTE V2X, SLSS_ID(0~335) and InC(0,1) are used to inform the priority of synchronization sources. SLSS_ID has been divided into two groups: SLSS_net and SLSS_oon:
· SLSS_net(0~167): generated from root index 26 and represents “within network coverage”. 
· SLSS_oon(168~335):generated from root index 37 and represents “out of network coverage”. 
As agreed in RAN1#98 [1], the number of NR V2X SSID has extended to 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates} in order to support higher number of users/vehicles in generating V2X SSID randomly with low collision probability. Similar to that in the LTE sidelink design, S-PSS should use the two candidates to differential the S-PSS transmitted from in-coverage and out-of-coverage synchronization sources. As 672 SLSS IDs are agreed, the set {0, 1, … 335} should be used for in-coverage and the set {335, 337, …, 671} for out-of-coverage. In order to minimum the standardization efforts, the indication of the priority of the synchronization source in LTE V2X should be reused to the maximum extends for that of NR V2X. As LTE V2X, both SL-SSID and InC should be used to indicate the times of SLSS relaying hops for NR V2X.

Proposal 1: S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with NR DL-PSS,  the two cyclic shifts of S-PSS can be set to {22, 65} .
Proposal 2: S-SSS reuses the Gold sequences of DL-SSS, i.e., use the same polynomials, initial values and cyclic shifts as that of DL-SSS.
Proposal 3: Confirm the working assumptions that same sequence is used for both symbols of S-PSS or S-SSS.
Proposal 4: In order to minimum the standardization efforts, the indication mechanism of the priority of the synchronization source in LTE V2X should be reused to the maximum extends for that of NR V2X.
Proposal 5: As LTE V2X, both SL-SSID and InC should be used to indicate the times of SLSS relaying hops for NR V2X.

S-SSB structure

In RAN1#98 [1], NR S-SSB structure had been agreed, with the condition that it is up to RAN4 to decide whether a transient period is necessary or not. If the transient period is required, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol.
If RAN4 concluded that a transient period between S-PSS symbol and S-SSS symbol is not necessary, the NR S-SSB structure agreed in RAN1#98 can be confirmed as shown in Figure 1a. If RAN4 concluded that a transient period between S-PSS symbol and S-SSS symbol is necessary, the two S-SSS symbols have to be shifted backward at least by one symbol to avoid the performance loss due to the transient period. 
When we consider how many symbols should the two S-SSS symbols be shifted by, it should be clarified that whether the allowed MPRs for S-SSS and PSBCH are the same, in order to confirm whether a transient period is necessary or not between S-SSS and PSBCH. In LTE V2X, according to 36.101[8], the allowed MPRs for PSBCH and PSSS are the same value, but less than that of SSSS. If RAN4 concluded the allowed MPRs for PSBCH and S-PSS are the same but different with S-SSS, just like LTE V2X, the two S-SSS symbols have to be shifted to the end of slot to avoid the additional transient period between S-SSS and PSBCH, as shown in Figure 1b.
Otherwise, if RAN4 concluded the allowed MPRs for PSBCH and S-SSS are the same but different with S-PSS,  the two S-SSS symbols can be shifted by one symbol, as shown in Figure 1c, and whether one symbol is sufficient to address the transient period had been analyzed in below.
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a) No PSBCH symbol between S-PSS and S-SSS symbols
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b) Eight PSBCH symbols between S-PSS and S-SSS symbols
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c) One PSBCH symbol between S-PSS and S-SSS symbols

Figure 1: Candidate S-SSB structures for NCP

Table 1 gives the comparison between duration of one symbol and transient period for different SCS in NCP, it can be observed that for all SCS cases, the duration of one symbol is long enough to accommodate the transient period (10us for FR1 or 5us for FR2), so shifting one symbol is sufficient for 15/30/60/120KHz SCS to avoid the performance loss of S-SSS. 
Table 1: Comparison between duration of one symbol for different SCS and transient period in NCP
	SCS
	Duration of one symbol
	Transient period

	15KHz
	71.43us
	10us

	30KHz
	35.71us
	10us

	60KHz
	17.85us
	FR1:10us; FR2:5us

	120KHz
	8.93us
	5us



Observation 1: The duration of one symbol is long enough to accommodate the transient period for all SCS cases.
Proposal 6: S-SSB structure should be confirmed based on whether a transient period is necessary or not between S-PSS symbol and S-SSS symbol, in addition to between S-SSS symbol and PSBCH symbol, as shown in the below table. 
	Alternatives
	Whether a transient period between S-PSS symbol and S-SSS symbol is necessary or not
	Whether a transient period between S-SSS symbol and PSBCH symbol is necessary or not
	S-SSB structure

	Alt.1
	No
	-
	Figure 1a

	Alt.2
	Yes
	Yes
	Figure 1b

	Alt.3
	Yes
	No
	Figure 1c



2/4/8 S-SSB transmission for 15/30/60 KHz SCS

According to 5G V2X WID [5], no beam management is supported in NR sidelink design. Moreover, PSBCH decoding from single S-SSB cannot achieve the 1% target BLER at -6dB SNR according to the simulation results in Figure 2 and feature lead summary of NR V2X synchronization mechanism [6]. 
In order to extend the S-SSB coverage and maintain the transmission flexibility of S-SSB, multiple S-SSB transmissions within one period had been agreed for NR V2X sidelink in RAN1#98 meeting [1]. The number of S-SSB transmissions within one period is configurable, and it is FFS whether 2/4/8 S-SSB transmissions within one S-SSB period is supported for 15/30/60KHz SCS in FR1, respectively. The performance evaluation results of PSBCH decoding for 15 KHz and 30 KHz SCS with the soft combining of 1/2/4 S-SSBs and demodulation at low-speed and high-speed scenarios are shown in Figure 2. It can be observed that the soft combining of 2 S-SSB decoding brings about 2dB performance gain comparing to single S-SSB decoding for 15KHz SCS; and the soft combining of 4 S-SSB decoding brings about 4dB performance gains comparing to the soft combining of 2 S-SSB decoding for 30KHz SCS; in both low-speed and high-speed scenarios. Therefore, 2/4/8 S-SSB transmissions within one S-SSB period should be supported for 15/30/60KHz SCS in FR1, respectively, as obvious performance gains can be obtained.

Observation 2: The soft combining of 2 S-SSB decoding brings over 2dB performance gain comparing to single S-SSB decoding for 15KHz SCS; and the soft combining of 4 S-SSB decoding bring over 4dB performance gains comparing to the soft combining of 2 S-SSB decoding for 30KHz SCS; in both low-speed and high-speed scenarios. 
Proposal 7: 2/4/8 S-SSB transmissions within one S-SSB period should be supported for 15/30/60KHz SCS in FR1, respectively, as obvious performance gains can be obtained.
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a) SCS=15 KHz and UE relative speed=6Kmph                       b) SCS=15 KHz and UE relative speed=240Kmph
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c) SCS=30 KHz and UE relative speed=6Kmph                        d) SCS=30 KHz and UE relative speed=240Kmph

Figure 2: Comparison of PSBCH performance for 1/2/4 shots of S-SSB
	Legend in Figure 2
	Types of S-SSB decoding

	1-Shot
	Single S-SSB decoding

	2-Shots
	Soft combining of 2 S-SSB decoding

	4-Shots
	Soft combining of 4 S-SSB decoding



PSBCH contents

In LTE V2X, the PSBCH contents include:
· System timing: direct Frame Number and direct Subframe Number
· TDD Configuration
· Sidelink Bandwidth
· In Coverage Indicator.

In 5G NR, the PBCH payload consists of MIB and the additional timing information. The NR PBCH contents can be classified into the following information:
· System timing: SFN, half radio frame
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]Initial access: subCarrierSpacingCommon, ssb-SubcarrierOffset, dmrs-TypeA-Position, pdcch-ConfigSIB1, MSB of the subcarrier offset between SSB and the common resource block grid (FR1) / SSB index(FR2)
· Cell related: cellBarred, intraFreqReselection.

For NR V2X, system timing information should be included into the NR PSBCH for UE to derive the frame number and slot number. And TDD UL/DL configuration information or slot format indicator (SFI), location and index of S-SSB transmission, location of SL-BWP and In Coverage indicator should also be included into PSBCH.

Proposal 8: PSBCH for NR V2X should include system timing information, TDD UL/DL configuration information or slot format indicator (SFI), location and index of S-SSB transmission, location of SL-BWP and InC indicator. 

TDD UL/DL configuration

In order to protect the data transmission of NR Uu users, the TDD UL-DL configuration needs to be transmitted to out-of-coverage UEs in PSBCH. In LTE V2X, TDD Configuration occupies 3 bits in PSBCH, which corresponding to 8 TDD configurations in one radio frame. In NR Uu, in order to support more flexible transmission, the mechanism of TDD configuration becomes more complicated and needs more bits to indicate the slot/symbol format to be downlink, flexible or uplink. 
In NR Uu, the slot format can be configured by semi-static signaling or dynamic signaling. The TDD configuration of semi-static signaling includes SIB1, cell-specific RRC configuration and UE-specific RRC configuration. Dynamic signaling refers to SFI via DCI format 2_0. Table 2 summarizes the signaling for TDD configuration in NR Uu.
Table 2: Summary of signaling for TDD configuration in NR Uu
	No.
	Signaling
	Container
	Semi-static or Dynamic
	Cell or UE specific

	1
	tdd-UL-DL-ConfigurationCommon
	SIB1
	Semi-static signaling
	Cell-specific

	2
	tdd-UL-DL-ConfigurationCommon
	ServingCellConfigCommon
	Semi-static signaling
	Cell-specific

	3
	tdd-UL-DL-ConfigurationDedicated
	ServingCellConfig
	Semi-static signaling
	UE-specific

	4
	Slot Format Indicator
	DCI format 2_0
	Dynamic signaling
	UE-group-specific



As the DL and UL slots/symbols configured by cell-specific configuration signaling cannot be changed to other directions by UE-specific or dynamic signaling, and only flexible symbols can be changed, cell-specific configuration signaling can be chosen as the TDD UL-DL configuration signaling indicated by PSBCH.
Cell-specific “tdd-UL-DL-ConfigurationCommon” in SIB1 and servingCellConfigCommon defined in 38.331[7] includes reference SCS and two TDD-UL-DL-Patterns, and each pattern includes periodicity, number of DL Slots, number of DL Symbols, number of UL Slots, and number of UL Symbols, as shown in below. 

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
	dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                               OPTIONAL -- Need R
    ]]
}

The indication of only one TDD-UL-DL-Pattern requires more than 30 bits, and the number of bits for NR Uu TDD UL-DL configuration is so large that NR V2X PSBCH cannot accommodate these bits. Therefore, how to reduce the number of bits for TDD configuration and include them into NR PSBCH needs to be further studied. As only uplink slots/symbols can be used for NR sidelink communication, one solution is to only inform the number of consecutive uplink slots/symbols, instead of full downlink/uplink pattern. 
Moreover, The Slot Format Indicator (SFI) is used to dynamically configure the slot format per slot based on the semi-static configuration signaling. SFI is an alternative solution and it is the subset of TDD UL-DL configuration. As SFI has limited bits with good indication of the potential TDD configuration, it can be transmitted to out-of-coverage UEs in PSBCH. 

Proposal 9: NR Uu TDD UL/DL Configuration information should be carried by PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. 

Location and index of S-SSB transmission

· Location of S-SSB transmission

In NR Uu, for RRC CONNECTED users, the number and the location of SSBs in one period actually sent are indicated to UE by RRC signaling. And for idle users, the number and the location of SSBs actually sent in one period are informed to UE in RMSI via 16 bits bitmap (8 bits bitmap for groups + 8 bits bitmap within one group). For NR V2X, it is impossible to put so many bits into PSBCH due to its limited payload size, so flexibility of S-SSB transmission pattern can not be justified with the excessive overhead. The number of S-SSBs actually sent within one period need to be pre-configured or indicated by SIB, with the location of S-SSB fixed in the specification. For FR1,  maximum number of 8 S-SSBs can be sent within one period which is 2 ms.  It is feasible to adopt the scheme of continuous S-SSB transmission with tolerable latency. 
However, for FR2, up to 64 SSBs will be sent, and the duration of continuous S-SSB transmission will become 8 ms, which will introduce higher traffic delay. As shown in Figure 3, a small rectangle represents one slot, and white rectangles represent the slots transmitting traffic data, such as PSCCH/PSSCH/PSFCH, etc. Colorful rectangles represent the slots transmitting S-SSBs. The traffic delay will be 8ms corresponding to 64 S-SSBs continuous transmission expressed as 64 continuous colorful rectangles in Figure 3.
In order to reduce the traffic delay caused by plenty of S-SSB transmission for FR2, it is necessary to adopt the mode of burst S-SSB transmission, in which 64 S-SSBs will be divided into several burst, each burst contains several S-SSBs, then each time one burst of S-SSBs is transmitted, a few slots are spaced between two bursts for data transmission/reception to avoid excessive delay for data transmission/reception. 
As shown in Figure 4, there are 64 S-SSBs transmission within one synchronization period for 120KHz SCS, and divided into 8 burst of S-SSBs. Each burst contains 8 S-SSBs. The interval between two bursts is 8 slots. With this configuration of burst S-SSB transmission, the maximum traffic delay is only 1ms as shown in Figure 4, compared to 8ms delay under the configuration of continuous S-SSB transmission as shown in Figure 3.
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Figure 3: 64 S-SSBs Continuous transmissions for 120KHz SCS
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Figure 4: 64 S-SSBs Burst transmissions for 120KHz SCS

The number of S-SSBs sent in each burst and the interval between two bursts should be pre-configured or boardcasted by PSBCH. PSBCH indication can provide more flexible configuration than pre-configuration with more overhead. If PSBCH indication is used, several mapping tables between bits in PSBCH and burst configurations can be used for different combinations of SCS and FR. As shown in the following Table 3, using 2 bits in PSBCH to indicate 4 candidate combinations of number of S-SSBs in one burst and interval between two bursts, in which the number of S-SSBs sent in each burst expressed as N, and the interval between two bursts is express as M(slots). 

Table 3: Mapping tables between bits in PSBCH and burst configurations for different combinations of SCS and FR
(N: the number of S-SSBs sent in each burst; M: the number of slots between two bursts)
	FR
	SCS
	The mapping table between 2 bits in PSBCH and burst configuration

	FR1
	15KHz
	
	2 bits in PSBCH
	N
	M

	00
	1
	1

	01
	1
	2

	10
	2
	4

	11
	2
	8




	FR1
	30KHz
	
	2 bits in PSBCH
	N
	M

	00
	1
	2

	01
	2
	4

	10
	2
	8

	11
	4
	16




	FR1
	60KHz
	
	2 bits in PSBCH
	N
	M

	00
	2
	1

	01
	4
	2

	10
	4
	4

	11
	8
	8




	FR2
	60KHz
	
	2 bits in PSBCH
	N
	M

	00
	4
	4

	01
	8
	8

	10
	16
	16

	11
	32
	32




	FR2
	120KHz
	
	2 bits in PSBCH
	N
	M

	00
	8
	8

	01
	16
	16

	10
	32
	32

	11
	64
	64






Proposal 10: Burst S-SSB transmission should be supported to reduce the traffic delay for FR2. And the burst configuration information should be carried by PSBCH.

· Index of S-SSB transmission

In order to let the UE knows the index of current received S-SSB in all S-SSBs sent in the synchronization period, so that the UE receiving S-SSB can obtain timing information and the location of the remaining S-SSBs in the period, the index of the S-SSB currently sent should be indicated by PSBCH explicitly or implicitly. It is suggested that reuse the indication mechanism of SSB index in NR Uu, i.e., for FR1, the 2 or 3 bits indicating S-SSB index can be obtained from blind detection of sequences of PSBCH DMRS, while for FR2, the 3 MSBs of 6 bits indicating S-SSB index come from PSBCH payload and the 3 LSBs of the S-SSB index from blind detection of sequences of PSBCH DMRS.

Proposal 11: The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X.

Location of SL-BWP

In order to coordinate the SL-BWP information used in the sidelink communication between the transmitter and the receiver, SL-BWP information needs to be informed to both the transmitter and receiver, including bandwidth and location of SL-BWP. At the RAN1 #95 meeting, it was agreed that no signalling is exchanged in sidelink for activation and deactivation of SL BWP. At the RAN1 #1901AH meeting, the working assumption is confirmed that only one SL BWP is configured in a carrier for a NR V2X UE. In this way, the bandwidth of SL-BWP should be configured as the sidelink system bandwidth, and the offset between SL-BWP and S-SSB should be indicated by PSBCH for future V2X release.
As the capacity of PSBCH is restricted, the overhead in PSBCH needs to be evaluated. In NR Uu, dedicated BWP is configured by resource indication value (RIV), which corresponds to a starting virtual resource block and a length in terms of contiguously allocated resource blocks. If this indication method for dedicated BWP in NR Uu is reused in NR V2X, the signaling overhead in PSBCH is very high, even only the offset need to be indicated.
In order to reduce the overhead, we can consider an indication method similar to that of initial DL BWP specified in NR Uu. The proposed indication method is using several SL-BWP tables to indicate the SL-BWP locations shown as an offsets between the SL-BWP and the S-SSB. At the RAN1#95 meeting, it is agreed that the transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP. So it reduces a lot of candidate relative positions between SL-BWP and S-SSB, such as SL-BWP bandwidth smaller than S-SSB bandwidth or not contains S-SSB bandwidth. Figure 5 shows 4 kinds of possible relative positions between SL-BWP and S-SSB, in which the transmission bandwidth for S-SSB is within the BW of the SL-BWP.
With such assumption, the offset between SL-BWP and S-SSB can be indicated with less overhead of PSBCH, and several bits are enough for SL-BWP indication in PSBCH, e.g., 2 bits in PSBCH to indicate 4 candidates offset between the starting RB of SL-BWP and that of S-SSB.

Proposal 12: SL-BWP location shown as the offset between the starting RB of SL-BWP and that of S-SSB should be indicated in PSBCH for NR V2X.
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a)                                                                                                  b)
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c)                                                                                                  d)

Figure 5: Locations of SL-BWP

In Coverage Indicator

As LTE V2X, In Coverage Indicator (InC) should be also informed to UE for selection of synchronization priorities for NR V2X. In previous meetings, it is proposed that InC can be implicitly carried by PSBCH DMRS implicitly instead of PSBCH contents explicitly. The merit of such implicit indication is that UE can obtain the information of synchronization priority before decoding PSBCH, so that reduce the complexity and the overhead of PSBCH. 
However, as described in section 2.4.2, the indication mechanism of S-SSB index should reuse that of SSB index in NR Uu, so PSBCH DMRS need to implicitly carry S-SSB index information, and no room for indication of InC. Therefore, In Coverage Indicator has to be carried by PSBCH contents explicitly in NR V2X.

Proposal 13: In Coverage Indicator can be carried by PSBCH contents explicitly in NR V2X. 

Payload size of PSBCH

In RAN1#96bis meeting [3], it is agreed that for the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC. And in section 2.4, the contents of PSBCH is discussed and system timing information, TDD UL/DL configuration information or slot format indicator (SFI), Location of S-SSB transmission, Index of S-SSB transmission, Location of SL-BWP and InCoverage indicator should be included into PSBCH payload. Whether such information can be contained by PSBCH with the payload size of 56 bits need to be evaluated.
Table 4 in below gives one candidate composition of PSBCH content with net payload size of 32 bits (NOT including 24 bits CRC), and it is equal to current agreements of payload size of 32 bits. PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.

Table 4: One candidate composition of PSBCH content with net payload size of 32 bits 
	PSBCH contents
	bits
	Notes

	DirectFrameNumber
	10
	[0,1023]

	TDD-UL-DL Configuration
	14
	14bits = 3bits (Period) + 7bits (UL Slot) + 4bits (UL Symbol) 

	Location of S-SSB transmission
	2
	2bits indicate 4 candidate combinations of number of S-SSBs in one burst and interval between two bursts

	S-SSB index
	3
	3 MSBs of 6 bits indicating S-SSB index come from PSBCH payload for FR2

	Location of SL-BWP
	2
	Indicate the offset between SL-BWP and S-SSB

	InCoverage
	1
	Carried by PSBCH Payload explicitly

	Total
	32
	　



Proposal 14: PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.

Synchronization priorities

According to the agreements in RAN1#96 [4], whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured. And In the email discussion after RAN1#98bis meeting, RAN1 reached the following agreements about priority rules:
	· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•    P0: GNSS
•    P1: UE directly synchronized to GNSS
•    P2: UE indirectly synchronized to GNSS
•    P3: gNB/eNB
•    P4: UE directly synchronized to gNB/eNB
•    P5: UE indirectly synchronized to gNB/eNB
•    P6: 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 GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2.
· Send an LS to RAN2/4 to inform this agreement.



When there are two or more synchronization references of a same priority to be selected as the highest priority, such as gNB and eNB, the UE should select reference based on UE implementation, for example, SL-RSRP can be used as criteria to select the reference. 

Proposal 15: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., SL-RSRP).

Conclusion

In this contribution, we discusses and evaluates the sequences of sidelink synchronization signals, S-SSB structure, 2/4/8 S-SSB transmission for 15/30/60 KHz SCS, PSBCH contents, payload size of PSBCH, and synchronization priorities, and give the following observations and proposals:
Observation 1: The duration of one symbol is long enough to accommodate the transient period for all SCS cases.
Observation 2: The soft combining of 2 S-SSB decoding brings over 2dB performance gain comparing to single S-SSB decoding for 15KHz SCS; and the soft combining of 4 S-SSB decoding bring over 4dB performance gains comparing to the soft combining of 2 S-SSB decoding for 30KHz SCS; in both low-speed and high-speed scenarios. 
Proposal 1: S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts with NR DL-PSS,  the two cyclic shifts of S-PSS can be set to {22, 65} .
Proposal 2: S-SSS reuses the Gold sequences of DL-SSS, i.e., use the same polynomials, initial values and cyclic shifts as that of DL-SSS.
Proposal 3: Confirm the working assumptions that same sequence is used for both symbols of S-PSS or S-SSS.
Proposal 4: In order to minimum the standardization efforts, the indication mechanism of the priority of the synchronization source in LTE V2X should be reused to the maximum extends for that of NR V2X.
Proposal 5: As LTE V2X, both SL-SSID and InC should be used to indicate the times of SLSS relaying hops for NR V2X.
Proposal 6: S-SSB structure should be confirmed based on whether a transient period is necessary or not between S-PSS symbol and S-SSS symbol, in addition to between S-SSS symbol and PSBCH symbol, as shown in the below table. 
	Alternatives
	Whether a transient period between S-PSS symbol and S-SSS symbol is necessary or not
	Whether a transient period between S-SSS symbol and PSBCH symbol is necessary or not
	S-SSB structure

	Alt.1
	No
	-
	Figure 1a

	Alt.2
	Yes
	Yes
	Figure 1b

	Alt.3
	Yes
	No
	Figure 1c


Proposal 7: 2/4/8 S-SSB transmissions within one S-SSB period should be supported for 15/30/60KHz SCS in FR1, respectively, as obvious performance gains can be obtained.
Proposal 8: PSBCH for NR V2X should include system timing information, TDD UL/DL configuration information or slot format indicator (SFI), location and index of S-SSB transmission, location of SL-BWP and InC indicator. 
Proposal 9: NR Uu TDD UL/DL Configuration information should be carried by PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. 
Proposal 10: Burst S-SSB transmission should be supported to reduce the traffic delay for FR2. And the burst configuration information should be carried by PSBCH.
Proposal 11: The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X.
Proposal 12: SL-BWP location shown as the offset between the starting RB of SL-BWP and that of S-SSB should be indicated in PSBCH for NR V2X.
Proposal 13: In Coverage Indicator can be carried by PSBCH contents explicitly in NR V2X. 
Proposal 14: PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.
Proposal 15: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., SL-RSRP).
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Appendix: Simulation assumptions
Table 5 gives the link-level simulation assumptions for PSBCH BLER performance in section 2.3.
Table 5: Link-level Simulation Assumptions for PSBCH BLER performance 
	Parameters
	Below 6GHz

	Carrier Frequency
	6 GHz

	Channel Model
	V2X CDL channel model (Urban LOS)

	Antenna Configuration at the TX-UE and RX-UE
	(1,1,2) with Omni-directional antenna element

	Subcarrier Spacing(s)
	15kHz, 30KHz

	UE relative speed
	6 km/h, 240 km/h

	Interference model
	Scenario 1: no interference

	Payload size
	56 bits

	Modulation
	QPSK

	Channel coding
	Polar coding

	Channel estimation
	L-MMSE
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