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Introduction

In RAN1#98bis meeting, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [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
I
ndication 
of TDD configuration
S
ystem-wide information, e.g. TDD-UL-DL common configuration
 and/or 
potential SL slots
SL-BWP information
I
n-coverage indicator
Type of sync source
S
lot index within a subframe
???
CRC
24
Total bit
s
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.
)

This contribution discusses sidelink synchronization mechanism in NR V2X. Section 2 discusses the sequences of sidelink synchronization signals, S-SSB structure, S-SSB burst set transmission, PSBCH contents, payload size of PSBCH, and synchronization procedures. Section 3 summarizes the proposals with conclusions.

Discussion

This section discusses the sequences of sidelink synchronization signals, S-SSB structure, S-SSB burst set transmission, PSBCH contents, payload size of PSBCH, and synchronization procedures. 

Sequences of S-PSS and S-SSS

From RAN1#96bis [4], 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. 
In RAN1#97 [3], the working assumption was made that for the NR SLSS, same sequence is used for both symbols of S-PSS and S-SSS, respectively. In order to support symbol-level detection, the working assumption that same sequence is used for both symbols of S-PSS or S-SSS should be confirmed.

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.

S-SSB structure

Impact of transient period

In RAN1#98 [2], 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 separated from S-PSS with backward shift at least by one symbol to avoid the performance loss due to the transient period. 
The number of symbols for the shift of the two S-SSS symbols should consider whether the MPRs of S-SSS and PSBCH are the same. In LTE V2X, according to 36.101[6], the MPRs of PSBCH and PSSS are the same value, but less than that of SSSS. If RAN4 concluded the allowed MPRs of PSBCH and S-PSS are the same but different to that of S-SSS, 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 4: 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



PSBCH DM-RS design

In the email discussion [98b-NR-17] after RAN1#98bis, RAN1 reached the following agreements about PSBCH DM-RS design:
 (
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 NR Uu, the roles of PBCH DM-RS include channel estimation, RSRP measurement, residual frequency error estimation and implicit indication of SSB index (indicating all bits of SSB index for FR1 and 3 LSBs of SSB index for FR2).  And every symbol of NR PBCH contains DM-RS to obtain the accurate channel estimation of PBCH. In addition, the frequency shifts of DM-RS RE are decided by Cell ID, i.e., v_shift = Celll_ID mod 4, in order to randomize the interference from neighboring cells.
For NR V2X PSBCH DM-RS, it will take on the similar functions as NR PBCH DM-RS. Therefore, a similar design like NR PBCH DMRS should be used. every symbols of PSBCH should contain DM-RS with the density of 3REs/PRB, and DM-RS RE position shift in frequency domain based on SL-SSID for different clusters should be supported, so that to ensure good enough performance for estimation, measurement and indication. Moreover, if not every symbol of PSBCH has the DM-RS, the performance of PSBCH in high-speed case will be expected to suffer obvious performace loss, compared to every symbol of PSBCH has the DM-RS. 
As shown in Figure 2, every symbol of PSBCH has the DM-RS, and the v_shift of PSBCH DM-RS in Figure 2a and 2b is 1(SL-SSID = 89) and 3 (SL-SSID = 91), respectively. 

[image: ]
a) SL-SSID =  89 (v_shift = 1)                                                       b) SL-SSID = 91 (v_shift = 3)
Figure 2: PSBCH DM-RS pattern for NR V2X

In conclusion, NR PBCH DM-RS pattern can be reused, including every symbol of PSBCH has the DM-RS and support DM-RS RE position shift based on SL-SSID in frequency domain. 
Proposal 5: NR V2X PSBCH DM-RS pattern should reuse that of NR PBCH, including every symbol of PSBCH has the DM-RS and support DM-RS RE position shift based on SL-SSID in frequency domain.

S-SSB burst set 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. 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, 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 S-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 delay of S-SSB transmission 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, different colors represent differnet bursts. Each burst contains 8 S-SSBs, the S-SSBs within one burst have the same color. The interval between two bursts is 8 slots. With this configuration of burst S-SSB transmission, the maximum transmission 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.

[image: ]
Figure 3: 64 S-SSBs Continuous transmissions for 120KHz SCS

[image: ]
Figure 4: 64 S-SSBs burst set transmissions for 120KHz SCS (Continuous S-SSB within one burst)

However, due to the flexibility of TDD UL-DL configuration in shared spectrum, it is possible that 8 consecutive sidelink available slots (e.g. UL slots) shown in Figure 4 are not easy to find with a burst spanning S-SSBs on 8 slots. Therefore, within a burst, S-SSBs may be sent discontinuously, and there will be non-sidelink slots (e.g. DL slots) between the two S-SSBs within a burst. Even if there are enough consecutive sidelink slots available for a burst transmission, a set of S-SSBs within a burst can be transmitted discontinuously, in order to further reduce the delay of sidelink traffic data.
Figure 5 shows three patterns of one S-SSB burst set containing 16 S-SSBs transmissions for 60KHz  SCS FR2, in which assume discontinuous S-SSB transmission within one burst. 
Figure 5a shows a pattern of one S-SSB burst set containing 16 S-SSBs, in which include 4 bursts, different colors represent differnet bursts. Each burst contains 4 S-SSBs, the S-SSBs within one burst have the same color. It can be observed that the interval between two neighboring S-SSBs within one burst is not the same, e.g., the interval between the two yellow S-SSBs in SF2 is one slot, but the interval between the two yellow S-SSBs in SF3 is three slots. Such configuration has the advantage of flexibility, but the cost is that a lot of parameters need to be pre-configured, as the intervals between any two neighboring S-SSBs within one burst need to be configured.
In order to reduce the complexity of pre-configuration, the interval between two neighboring S-SSBs within one burst can be set to be the same value. Figure 5b shows a pattern of one S-SSB burst set containing 16 S-SSBs, in which include 4 bursts, and each burst contains 4 S-SSBs. Every interval between two neighboring S-SSBs within one burst is the same (one slot). Figure 5c shows another pattern of one S-SSB burst set containing 16 S-SSBs, in which include 8 bursts, and each burst contains 2 S-SSBs. Every interval between two neighboring S-SSBs within one burst is the same (two slots). Compared to Figure 5a, the configurations of Figure 5b and 5c have the advantage of simplicity for pre-configuration and need less parameter, as the interval of two neighboring S-SSBs within one burst is the same. 

[image: ]
a) Patten of 4 bursts x 4 S-SSBs per burst with different interval between two S-SSBs in one burst
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b) Pattern of 4 bursts x 4 S-SSBs per burst with the same interval between two S-SSBs in one burst
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c) Pattern of 8 bursts x 2 S-SSBs per burst with the same interval between two S-SSBs in one burst

Figure 5: Pattern of 16 S-SSBs burst set transmissions for 60 KHz SCS FR2 (Discontinuous S-SSB within one burst)
[Note: different colors represent different bursts. The S-SSBs within one burst have the same color]

As discussed aforementioned, the number of S-SSBs within one period( ), the number of S-SSBs within each burst( ), the number of interval slots between two bursts within one period( ) and  the number of interval slots between two S-SSBs within one burst( ) should be pre-configured. As the number of S-SSBs within one period is dependant on the operation Frequence Range and SCS, the above parameters of S-SSB burst set transmission should be pre-configured according to different cases of operation FR and SCS. Table 2 gives one example of pre-configuration of these four parameters. As shown in the following Table 2, under the different combinations of FR and SCS, the four parameters , ,and  of S-SSB burst set transmission have different values of pre-configuration. 

Table 2: Pre-configuration of S-SSB burst set for different combinations of SCS and FR
(: the number of S-SSBs within one period, : the number of S-SSBs within each burst,
 : the number of interval slots between two bursts,  : the number of interval slots between two S-SSBs within one burst)
	FR
	SCS
	
	
	
	

	FR1
	15KHz
	1
	1
	\
	\

	
	30KHz
	1
	1
	\
	\

	
	
	2
	2
	\
	\

	
	60KHz
	1
	1
	\
	\

	
	
	2
	2
	\
	\

	
	
	4
	2
	5
	1

	FR2
	60KHz
	1
	1
	\
	\

	
	
	2
	2
	\
	\

	
	
	4
	2
	5
	1

	
	
	8
	2
	5
	1

	
	
	16
	4
	9
	1

	
	
	32
	4
	9
	1

	
	120KHz
	1
	1
	\
	\

	
	
	2
	2
	\
	\

	
	
	4
	2
	5
	1

	
	
	8
	2
	5
	1

	
	
	16
	4
	9
	1

	
	
	32
	4
	9
	1

	
	
	64
	4
	9
	1



Proposal 6: S-SSB burst and S-SSB burst set should be supported for the flexibility of S-SSB configuration and adaption to available sidelink slots. The following parameters should be pre-configured.
· Number of S-SSBs within one period( )
· Number of S-SSBs within each burst( )
· Number of interval slots between two bursts within one period( ) 
· Number of interval slots between two S-SSBs within one burst( )

[bookmark: _Ref23343468]PSBCH contents

In RAN1#98bis meeting [1], the following fields in PSBCH contents with “green” background were 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
	
	



From above table, DFN, indication of TDD configuration and In-coverage indicator had been agreed as the contents of PSBCH. DFN should be 10 bits to carry the direct frame number information from 0 to 1023, and In-coverage indicator should be 1 bit to indicate whether the synchronization source is in the coverage of network or GNSS directly. 
For indication of TDD configuration, it had been agreed that to be system-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots, and FFS the details of how to inform it in PSBCH Contents. For NR V2X, except the agreed information, S-SSB index and slot index of 1st S-SSB should also be included into the PSBCH contents. Indication of TDD configuration, S-SSB index and slot index of 1st S-SSB will be discussed in the section 2.4.1, 2.4.2, 2.4.3, respectively.

Proposal 7: DFN is 10bits.
Proposal 8: In-coverage indicator is 1bit.
Proposal 9: PSBCH for NR V2X should include DFN, Indication of TDD configuration, S-SSB index, Slot index of 1st S-SSB and In-coverage indicator. 

[bookmark: _Ref23693230]Indication of TDD 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 3 summarizes the signaling for TDD configuration in NR Uu.
Table 3: 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 text. Figure 6 give an example of indication of one Cell-specific TDD-UL-DL-Pattern for the case of 120KHz SCS and 10ms period of TDD configuration. 

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. 8 periods of TDD configurations can be informed by 3 bits. At most 80 numbers of UL slots and 13 numbers of UL symbols can be informed by 7 bits and 4 bits, respectively. Therefore, totally 14bits (14bits = 3bits (Period) + 7bits (UL Slot) + 4bits (UL Symbol)) should be included in PSBCH for indication of TDD configuration.

[image: ]
Figure 6: Indication of one Cell-specific TDD-UL-DL-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 10: NR Uu Cell-specific TDD-UL-DL-Pattern should be used as indication of TDD configuration in PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. 
Proposal 11: Only inform the number of consecutive uplink slots/symbols and periodicity of NR Uu TDD UL-DL configuration information in order to reduce the overhead.

[bookmark: _Ref23693238]S-SSB index

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.
On the other hand, as proposed in previous meetings by some companies, slot index can also be used to fulfill the timing function of S-SSB index, but the slot index will be 7 bits for 120KHz SCS, in which one frame contains 80 slots. Therefore, the overhead of slot index in PSBCH will be more than S-SSB index. And slot index cannot carry the information of beam index when beam sweeping was introduced in future release. Moreover, the slot index of each S-SSB is different, which will hinder the merging of multiple S-SSBs.
Proposal 12: The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X.
· For FR1, the 2 or 3 bits indicating S-SSB index are carried by DMRS sequence of PSBCH 
· For FR2, the 3 MSBs of 6 bits indicating S-SSB index are carried by PSBCH payload and the 3 LSBs of the S-SSB index by DMRS sequence of PSBCH. 

[bookmark: _Ref23693245]Slot index of 1st S-SSB

For the receiver UE, it needs to know the time domain position of the first S-SSB of one S-SSB burst set (denoted as 1st S-SSB) in a wireless frame, or know the offset between 1st S-SSB and the head of frame, so that the UE can obtain the time domain position of the wireless frame head from detecting 1st S-SSB, in order to complete the timing. The offset can be expressed in the form of slot index of 1st S-SSB. 
As NR Uu has a very flexible TDD UL-DL configuration and 1st S-SSB should be transmitted in sidelink available slot (e.g. UL slot), the slot index of 1st S-SSB within one S-SSB burst set cannot be fixed or pre-configured, and it should be notified in PSBCH according to the TDD configuration of the current network configuration.
For the slot index of 1st S-SSB, it will be 7 bits for 120KHz SCS, in which one frame contains 80 slots. Such overhead in PSBCH is too large and need to be reduced. As the slot index of 1st S-SSB needs to be indicated, it don’t have to traverse all possible positions in a frame, but several possible positions, so that the overhead of slot index of 1st S-SSB indication can be reduced. For example, only 2 bits are used to indicate four possible positions of 1st S-SSB. As shown in Figure 7, the blue slot is the position of the frame head, and the three red slots and the first yellow slot are the four possible positions of 1st S-SSB. Therefore, only 2 bits in PSBCH are enough to indicate the four possible positions.

[image: ]

Figure 7: Four possible positions of 1st S-SSB within one S-SSB burst set

Proposal 13: Slot index of 1st S-SSB within one S-SSB burst set should be carried by PSBCH to indicate the time position of 1st S-SSB in one direct frame for NR V2X.

Payload size of PSBCH

In RAN1#96bis meeting [4], 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. The contents of PSBCH discussed in section 2.4 along with DFN, Indication of TDD configuration, S-SSB index, Slot index of 1st S-SSB and In-coverage indicator should be included into PSBCH payload. Whether such information can be included by PSBCH with the payload size of 56 bits need to be analyzed.
Table 4 in below gives one composition of PSBCH content, and its size is equal to current agreements of payload size of 56 bits. PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.

Table 4: One composition of PSBCH content with payload size of 56 bits 
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	14
	14bits = 3bits (Period) + 7bits (UL Slot) + 4bits (UL Symbol) 

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

	Slot index of 1st S-SSB
	2
	2bits indicate 4 candidate slot index of 1st S-SSB in one S-SSB burst set

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	2
	Reserved bits

	CRC
	24
	

	Total
	56
	



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

Synchronization procedures

SL-SSIDs used for each priority

According to the agreements in RAN1#96 [5], whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured. 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.



In RAN1#98bis meeting [1], the working assumption is agreed that the procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used for NR SL, and FFS SSIDs used for each priority. About the usage of 672 SL-SSIDs, it is also agreed that 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
In LTE V2X, the different synchronization priority level can be differed by synchronization resource, SL-SSID and In_Coverage flag. As LTE V2X, both SL-SSID and In-coverage Indicator should be used to indicate the times of SLSS relaying hops for NR V2X. For the SL-SSIDs used for each priority of synchronization reference in NR V2X, we believe that LTE V2X mechanism will be reused for NR V2X with the SL-SSIDs extended to 672, since LTE V2X had discussed a lot on this topic and developed a comprehensive mechanism. 
If we directly reuse the mapping rules from SL-SSID to priority levels of  LTE V2X with the SL-SSIDs extended to 672, the following Table 5 and Table 6 can be derived from LTE V2X related mapping tables, which corresponding to gNB/eNB-based and GNSS-based synchronization priority levels for NR V2X, respectively.

Table 5: gNB/eNB-based synchronization priority levels for NR V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0’
	gNB/eNB
	\
	\
	\

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[1,335]

	P3’
	GNSS
	\
	\
	\

	P4’
	UE3 directly sync with GNSS
	R3
	TRUE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	337

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[337,671]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	337

	
	UE7(standalone)
	R1/R2
	FALSE
	[338,671]



Table 6: GNSS-based synchronization priority levels for NR V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0
	GNSS
	\
	\
	\

	P1
	InC UE1 directly sync with GNSS
	R1
	TRUE
	0

	
	OoC UE2 directly sync with GNSS
	R3
	FALSE
	0

	P2
	UE3 indirectly sync with GNSS by InC UE(UE1)
	R2
	FALSE
	0

	
	UE4 indirectly sync with GNSS by OoC UE(UE2)
	R2
	FALSE
	337

	P3
	gNB/eNB
	\
	\
	\

	P4
	InC UE5 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P5
	UE6 indirectly sync with gNB/eNB by InC UE(UE5)
	R2
	FALSE
	[1,335]

	P6
	UE7(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	336

	
	UE8(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[337,671]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	337

	
	UE10(standalone)
	R1/R2
	FALSE
	[338,671]



Proposal 15: For SL-SSIDs used for each priority, LTE V2X mechanism will be reused for NR V2X with the SSIDs extended to 672, as shown in Table 5 and Table 6.

Prioritization among references of the same priority

In RAN1#98bis meeting [1], it is agreed that when two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source. And FFS whether there is an issue with prioritization among references of the same priority. 
When S-SSB RSRP is used for prioritization among references of the same priority, an issue was raised in [8] that this RSRP criteria will prevent different independent clusters to merge, as the priority of all P6/P6’ independent synchronization sources with different SL-SSIDs in [170,335] is assumed to be the same and SyncRef UE (re)selection is done based on S-SSB RSRP alone.
The problem occurs since all the SL-SSIDs in [170, 335] for P6/P6’ synchronization reference have the same priority. Therefore, one solution is proposed in [8] that NR synchronization reference UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SL-SSID within the out-of-coverage SL-SSID set.
We think it is reasonable for selection/reselection of a P6/P6’ independent synchronization reference based on SL-SSID for multi cluster merging, instead of only based on S-SSB RSRP. 

Proposal 16: It is reasonable to allocate higher priority to lower SL-SSID within the out-of-coverage SL-SSID set for NR V2X synchronization reference (re)selection of P6/P6’ independent UE. 

Conclusion

In this contribution, we discuss the sequences of sidelink synchronization signals, S-SSB structure, S-SSB burst transmission, PSBCH contents, payload size of PSBCH, and synchronization procedures, 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.
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: 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 5: NR V2X PSBCH DM-RS pattern should reuse that of NR PBCH, including every symbol of PSBCH has the DM-RS and support DM-RS RE position shift based on SL-SSID in frequency domain.
Proposal 6: S-SSB burst and S-SSB burst set should be supported for the flexibility of S-SSB configuration and adaption to available sidelink slots. The following parameters should be pre-configured.
· Number of S-SSBs within one period( )
· Number of S-SSBs within each burst( )
· Number of interval slots between two bursts within one period( ) 
· Number of interval slots between two S-SSBs within one burst( )
Proposal 7: DFN is 10bits.
Proposal 8: In-coverage indicator is 1bit.
Proposal 9: PSBCH for NR V2X should include DFN, Indication of TDD configuration, S-SSB index, Slot index of 1st S-SSB and In-coverage indicator. 
Proposal 10: NR Uu Cell-specific TDD-UL-DL-Pattern should be used as indication of TDD configuration in PSBCH with overhead reduction; or using SFI for indication of NR Uu slot format information. 
Proposal 11: Only inform the number of consecutive uplink slots/symbols and periodicity of NR Uu TDD UL-DL configuration information in order to reduce the overhead.
Proposal 12: The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X.
· For FR1, the 2 or 3 bits indicating S-SSB index are carried by DMRS sequence of PSBCH 
· For FR2, the 3 MSBs of 6 bits indicating S-SSB index are carried by PSBCH payload and the 3 LSBs of the S-SSB index by DMRS sequence of PSBCH. 
Proposal 13: Slot index of 1st S-SSB within one S-SSB burst set should be carried by PSBCH to indicate the time position of 1st S-SSB in one direct frame for NR V2X.
Proposal 14: PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.
Proposal 15: For SL-SSIDs used for each priority, LTE V2X mechanism will be reused for NR V2X with the SSIDs extended to 672, as shown in Table 5 and Table 6.
Table 5: gNB/eNB-based synchronization priority levels for NR V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0’
	gNB/eNB
	\
	\
	\

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[1,335]

	P3’
	GNSS
	\
	\
	\

	P4’
	UE3 directly sync with GNSS
	R3
	TRUE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	337

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[337,671]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	337

	
	UE7(standalone)
	R1/R2
	FALSE
	[338,671]



Table 6: GNSS-based synchronization priority levels for NR V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	NR V2X SL-SSID range

	P0
	GNSS
	\
	\
	\

	P1
	InC UE1 directly sync with GNSS
	R1
	TRUE
	0

	
	OoC UE2 directly sync with GNSS
	R3
	FALSE
	0

	P2
	UE3 indirectly sync with GNSS by InC UE(UE1)
	R2
	FALSE
	0

	
	UE4 indirectly sync with GNSS by OoC UE(UE2)
	R2
	FALSE
	337

	[bookmark: _GoBack]P3
	gNB/eNB
	\
	\
	\

	P4
	InC UE5 directly sync with gNB/eNB
	R1
	TRUE
	[1,335]

	P5
	UE6 indirectly sync with gNB/eNB by InC UE(UE5)
	R2
	FALSE
	[1,335]

	P6
	UE7(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	336

	
	UE8(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[337,671]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	337

	
	UE10(standalone)
	R1/R2
	FALSE
	[338,671]



Proposal 16: It is reasonable to allocate higher priority to lower SL-SSID within the out-of-coverage SL-SSID set for NR V2X synchronization reference (re)selection of P6/P6’ independent UE. 
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