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Introduction
In RAN1#100-e meeting, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [1]:
 (
Agreements
:
Slot-level indication is supported in TDD configuration indication.
Agreements
:
The TDD configuration indication is done as follows:
X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots.
FFS the values of X, Y and Z.
Total Z bits to indicate UL slots in pattern 1 and pattern 2 respectively if two patterns are configured.
Agreements:
SL SSID is used for DM-RS sequence initialization in PSBCH.
Agreements:
The DM-RS sequence initialization for PSBCH is to be down-selected one from the following Alts:
Alt 1
: 
, where 
 is 3 LSBs of S-SSB index.
Alt 2: 
Agreements:
Scrambling for PSBCH is processed after rate matching.
Agreements:
NR PSBCH scrambling sequence is initialized with 
 at the start of each PSBCH block.
Agreements:
To agree the following TP on S-PSS/S-SSS frequency position in S-SSB.
------------------------------------------ Start of Draft TP of 38. 211----------------------------------------------
<Unchanged parts omitted>
Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS.
Channel or signal
OFDM symbol number 
relative to the start of an S-SS/PSBCH block
Subcarrier number 
relative to the start of an S-SS/PSBCH block
S-PSS
1, 2
2-128
S-SSS
3, 4
2-128
Set to 0
1,2,3,4
0,1, 129,130,131
PSBCH
0, 5,6, …,
0,1,…,131
DM-RS for PSBCH
0, 5,6, …,
0, 4, 8, …., 128
--------------------
-------
-------------------- End of Draft TP -----------------------
-------------------------------
Agreements:
Downlink 
pathloss
 based S-SSB open-loop power control is supported.
The transmission power is same for S-PSS, S-SSS, and PSBCH symbol.
)
This contribution discusses remaining issues on sidelink synchronization mechanism in NR V2X, and proposes related solutions. Section 2 discusses PSBCH DM-RS sequence initialization, PSBCH contents, payload size of PSBCH and SL-SSIDs used for each priority. Section 3 summarizes the proposals with conclusions.

[bookmark: _Ref36559568]Discussion

This section discusses PSBCH DM-RS sequence initialization, PSBCH contents, and payload size of PSBCH. 

PSBCH DM-RS sequence initialization

In the email discussion [100e-NR-5G_V2X_NRSL-SYNC-02] in RAN1#100-e, RAN1 reached the agreements about PSBCH DM-RS sequence initialization as follows [1],
 (
Agreements:
SL SSID is used for DM-RS sequence initialization in PSBCH.
Agreements:
The DM-RS sequence initialization for PSBCH is to be down-selected one from the following Alts:
Alt 1
: 
, where 
 is 3 LSBs of S-SSB index.
Alt 2: 
)


In NR Uu, the PBCH DM-RS sequence  is defined by [3]:



where  is a length-31 Gold sequence. The scrambling sequence generator shall be initialized at the start of each SSB occasion with:

[image: ]
where


-	for , [image: ] where  is the number of the half-frame index, and  is the two least significant bits of the SSB index.


-	for  or ,  where  is the three least significant bits of the SSB index.
with  being the maximum number of SSB beams in an SSB period for a particular band. 

In NR PBCH DM-RS sequence initialization, the parameters of cell ID () and half-frame index () are used to initialize the scrambling sequence generator. For NR V2X, S-SSB is related to SL-SSID instead of cell ID, therefore, the cell ID should be replaced with the SL-SSID. For the half frame index, it can be removed from the formula. In RAN1#99 meeting [2], it is agreed that for PSBCH DM-RS RE position, no shift in frequency domain is adopted, therefore, the operation of “ mod 4” in the formula is not needed. The  in the formula of NR PBCH DM-RS sequence initialization can be directly replaced by SL-SSID. 
Based on the above discussion, the PSBCH DM-RS sequence initialization should use the following formula:

where
-	 is 3 LSBs of S-SSB index.

The above formula  is the Alt 1 scheme from the two alternative schemes for PSBCH DM-RS sequence initialization agreed in the email discussion in RAN1#100-e, Alt 2 scheme is . Alt 2 has the following merits over Alt1:
· Each S-SSB will use different  to initialize DM-RS sequence for PSBCH.
· DM-RS sequences can carry the information of 3 LSBs of S-SSB index to save the overhead of PSBCH payload.
From the above analysis, we have the following proposals: 

[bookmark: _Ref36563105]Proposal 1: The PSBCH DM-RS sequence initialization should use the following formula:

where
-	 is 3 LSBs of S-SSB index.

[bookmark: _Ref36563121]Proposal 2: Adopt the following text proposal for PSBCH DM-RS sequence initialization in 38.211.
-------------------------------------------------Start of Text Proposal for 38.211-----------------------------------------------
8.4.1.4.	Demodulation reference signals for PSBCH
8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 

where
-	 is 3 LSBs of S-SSB index.
--------------------------------------------------------End of Text Proposal -----------------------------------------------------

[bookmark: _Ref23343468]PSBCH contents

In RAN1#99 meeting [2], the following fields in PSBCH contents with “green” background were agreed. 
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload.

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	



From above table, DFN (10 bits), indication of TDD configuration, In-coverage indicator (1 bit) and reserve bits had been agreed as the contents of PSBCH. For indication of TDD configuration, it had been agreed to be system-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots, the details of how to inform PSBCH contents to the UE is FFS. S-SSB index and indication of synchronization resource should also be included into the PSBCH contents
[bookmark: _Ref36563125]Proposal 3: PSBCH for NR V2X should include DFN, S-SSB index, Indication of synchronization resource, Indication of TDD configuration and In-coverage indicator. 

1.1.1 [bookmark: _Ref23693238]S-SSB index
In RAN1#98bis [4], DFN is agreed to be carried by PSBCH as the frame-level timing information. In order to obtain accurate timing, only DFN is not enough, slot-level timing information is also necessary. There are two alternatives to inform the slot-level timing information:
· Alt-1: Slot-level timing is indicated by: S-SSB index
· Alt-2: Slot-level timing is indicated by: slot number within a frame.
For the Alt-1 scheme, if the S-SSB index is indicated by PSBCH, UE will know 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. 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. Using this method, the content of PSBCH payload for 4/8 S-SSBs is the same, thus avoiding multiple hypotheses when combining multiple S-SSBs for PSBCH decoding.
In addition, when two sets of synchronization resources are configured, UE doesn’t know which synchronization resource the received S-SSB belongs to, if UE only knows S-SSB index. As a result, there is timing ambiguity between two sets of synchronization resources. To solve this issue, indication of synchronization resource can be introduced. Detailed discussions can be found in section 2.2.2.
On the other hand, as proposed in previous meetings by some companies, Alt-2 scheme, i.e., slot number within a frame can also be used to fulfill the timing function of S-SSB index, but the slot number method has the following drawbacks:
· Drawback-1: slot number of each S-SSB is not consecutive as S-SSB index, which will hinder the combining of multiple S-SSBs for PSBCH decoding. Even the 4 MSBs of 7 bits indicating slot number come from PSBCH payload and the left 3 LSBs of the slot number from blind detection of sequences of PSBCH DMRS, the content of PSBCH payload for 4 or 8 combining S-SSBs is still different, thus multiple hypotheses have to be evolved when combining multiple S-SSBs, which will introduce considerable complexity.  
As shown in Table 1, considering the UE received 64 S-SSBs and try to combines the 8 consecutive S-SSBs (e.g., 17th ~ 24th S-SSB), if 3 MSBs of 6 bits indicating S-SSB index come from PSBCH payload and the left 3LSBs of S-SSB index from blind detection of sequences of PSBCH DMRS, it can be observed that 3 MSBs in PSBCH payload is the same “010” as shown in Table 1,  so the PSBCH payload is the same for the 8 received consecutive S-SSBs (17th ~ 24th S-SSB), therefore, the multiple hypotheses can be avoided when combining multiple S-SSBs. 
However, if 4 MSBs of 7 bits indicating slot number come from PSBCH payload and the left 3 LSBs of slot number from blind detection of sequences of PSBCH DMRS, as slot number is not consecutive for consecutive S-SSBs(17th ~ 24th S-SSB), the 4 MSBs in PSBCH payload of 7 bits indicating slot number are various as showed in Table 1, the content of PSBCH payload for the 8 consecutive S-SSBs is still different, thus multiple hypotheses have to be evolved when combining multiple S-SSBs, which will introduce considerable complexity.
· Drawback-2: introduce more standardization efforts, as a lot of procedures are related to S-SSB index, such as PSBCH DM-RS sequence initialization and PSBCH scrambling.
· Drawback-3: slot number cannot carry the information of beam index when beam sweeping was introduced in future release. 

[bookmark: _Ref36474894]Table 1: Comparison between S-SSB index and Slot number
	Received S-SSB
	S-SSB index
	Slot number

	17th S-SSB
	16(010000)
	19(0010011)

	18th S-SSB
	17(010001)
	22(0010110)

	19th S-SSB
	18(010010)
	25(0011001)

	20th S-SSB
	19(010011)
	28(0011100)

	21st S-SSB
	20(010100)
	31(0011111)

	22nd S-SSB
	21(010101)
	34(0100010)

	23rd S-SSB
	22(010110)
	37(0100101)

	24th S-SSB
	23(010111)
	40(0101000)



[bookmark: _Ref36563127]Proposal 4: Don’t confirm the working assumption that slot number is included into PSBCH payload. S-SSB index should be included into PSBCH payload instead.
[bookmark: _Ref36563129]Proposal 5: 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 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: _Ref36563131]Proposal 6: Adopt the following text proposal for PSBCH payload generation in 38.212.
-------------------------------------------------Start of Text Proposal for 38.212-----------------------------------------------
[bookmark: _Toc29326629][bookmark: _Toc29327779]8.1.1	PSBCH payload generation	



Denote the bits in a transport block delivered to layer 1 by, where  is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block.

Generate the following additional timing related PSBCH payload bits , where:
-	if the frequency range of S-SSB is FR2,

are the 6th, 5th, and 4th bits of S-SSB index, respectively.
-	else if the frequency range of S-SSB is FR1

are reserved.
-	end if
<Irrelevant part omitted>
--------------------------------------------------------End of Text Proposal -----------------------------------------------------

1.1.2 [bookmark: _Ref29225278]Indication of synchronization resource

As mentioned in section 2.2.1, when multiple sets of synchronization resources are configured, UE doesn’t know which synchronization resource indicated by the detected S-SSB belongs to among synchronization resources. As a result, there is timing ambiguity between synchronization resources. 
As shown in Figure 1, the schematic diagram shows the time-domain location of multiple S-SSB transmission in one synchronization period (160ms) under 120kHz SCS. There are 8 slots in one subframe, and each small rectangle represents a slot. The small colorful rectangles represent the synchronization resources which contain S-SSBs. The small white rectangles represent the slots which do not contain S-SSB. Each set of synchronization resource includes 8 S-SSBs. In Figure 1, two sets of synchronization resource are configured, which are identified by different colors. The first set of synchronization resource (R1) is colored by yellow, and the second set of synchronization resource (R2) is colored by green. The current received S-SSB is represented by a yellow shaded rectangle in Figure 1, which belongs to the second set of synchronization resource (yellow).
If there is no indication of synchronization resource information, the UE does not know the yellow shaded S-SSB belongs to the first set of synchronization resource (R1, yellow) or the second set of synchronization resource (R2, green) after the UE receives the yellow shaded S-SSB in Figure 1. UE cannot derive the frame boundary and the starting position of synchronization period.  Indication of synchronization resource should be included in PSBCH payload. The receiver UE will know the yellow shaded S-SSB belongs to the first set of synchronization resource (R1, yellow) based on the indication bit in the PSBCH. UE can further use the timeOffsetSSB-SL-1 corresponding to the first set of synchronization resource (R1, yellow) to calculate the starting position of synchronization period, based on DFN, S-SSB index and the interval between the neighboring S-SSBs (timeIntervalSSB-SL).

[image: ]
[bookmark: _Ref36476318]Figure 1: Two sets of synchronization resources configured in one synchronization period

[bookmark: _Ref36563137]Proposal 7: Indication of synchronization resource should be carried by PSBCH to indicate the set of synchronization resource which the S-SSB belonging to.

1.1.3 [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. 
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 is critical. 

As only uplink slots/symbols can be used for NR sidelink communication, the TDD configuration indication solution agreed in RAN1#100-e is to only inform the number of consecutive uplink slots, instead of full downlink/uplink pattern, in order to reduce the overhead of indication of TDD configuration in PSBCH payload, as shown in Figure 2. 
[image: ]
[bookmark: _Ref36476363]Figure 2: Indication of one Cell-specific TDD-UL-DL-Pattern

In the email discussion [100e-NR-5G_V2X_NRSL-SYNC-01] in RAN1#100-e, RAN1 reached the agreements about indication of TDD configuration as follows [1],
 (
Agreements
:
Slot-level indication is supported in TDD configuration indication.
Agreements
:
The TDD configuration indication is done as follows:
X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots.
FFS the values of X, Y and Z.
Total Z bits to indicate UL slots in pattern 1 and pattern 2 respectively if two patterns are configured.
)
In the above agreements, X bits is agreed to indicate number of patterns in the TDD configuration indication, and its value was discussed in RAN1#100-e. If at most two TDD-UL-DL-Patterns are indicated, X=1(bit); else if only one TDD-UL-DL-Pattern is indicated, X=0(bit). 
As shown in Table 2, if at most two TDD patterns are indicated, 16 periodicities of the two TDD patterns can be informed by 4 bits. At most 80 numbers of UL slots for each pattern can be informed by 7 bits, respectively. Therefore, totally 19bits (19bits = 1bits (X, Pattern) + 4bits (Y, Periodicity) + 14bits (Z, UL Slots)) should be included in PSBCH payload for indication of TDD configuration. If only one TDD pattern is indicated, 10 periodicities of the one TDD pattern can be informed by 4 bits. At most 80 numbers of UL slots for one pattern can be informed by 7 bits. Therefore, totally 11bits (11bits = 0bits (X, Pattern) + 4bits (Y, Periodicity) + 7bits (Z, UL Slots)) should be included in PSBCH payload for indication of TDD configuration. 
[bookmark: _Ref36475470]Table 2: Comparison of overhead of TDD configuration indication between two alternatives
	No.
	Indicated information
	Alt 1: Only one TDD Pattern
	Alt 2: One or two TDD patterns

	X
	Number of TDD patterns
	0
	1

	Y
	Periodicity
	4
	4

	Z
	Number of UL slots
	7
	14 (7+7)

	Total
	TDD Configuration
	11
	19



Observation 1: The number of bits for indication of TDD configuration for two TDD patterns is so large that NR V2X PSBCH cannot accommodate these bits. 
In RAN1#99 meeting [2], the agreed working assumption is that indication of TDD configuration occupies 12 bits in PSBCH payload. Based on the above observation, it is proposed that only one TDD Pattern should be indicated in PSBCH as it only requires 11 bits and it is no more than the working assumptions that indication of TDD configuration occupies 12 bits in PSBCH payload.
The working assumption of 12 bits comes from the number of available bits remaining, after the necessary bits have been allocated to other information in 56 bits PSBCH payload. However, slot number (7 bits) in PSBCH payload is not necessary, and it can be replaced with S-SSB index (3 bits) plus indication of synchronization resource (2 bits), as described in section 2.2.1 and 2.2.2. Thus, the extra bits can be saved for reserved bits. 
[bookmark: _Ref36563139]Proposal 8: Only inform the TDD configuration for one TDD pattern in order to reduce the overhead.
[bookmark: _Ref36563141]Proposal 9: Indication of TDD configuration occupies 11 bits in PSBCH payload. 
· 11bits = 0bits (X, Pattern) + 4bits (Y, Periodicity) + 7bits (Z, UL Slots)

Payload size of PSBCH

In RAN1#99 meeting [2], the agreed working assumption is that PSBCH payload size is 56 bits including 24 bits of CRC. The contents of PSBCH discussed in section 2.2 along with DFN, S-SSB index, Indication of synchronization resource, Indication of TDD configuration 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 3 in below gives the composition of PSBCH content, and its size is equal to current working assumption of 56 bits payload size. PSBCH payload size of 56 bits can accommodate all the necessary PSBCH contents without capacity extension.
[bookmark: _Ref36475011]Table 3: Proposed composition of PSBCH content with payload size of 56 bits
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	11
	11bits = 4bits (Period) + 7bits (UL Slot) 

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

	Indication of synchronization resource
	2
	2bits indicate 3 candidate sets of synchronization resource

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	5
	Reserved bits

	CRC
	24
	

	Total
	56
	



[bookmark: _Ref36563142][bookmark: _Ref36558408]Proposal 10: Confirm the working assumption that PSBCH payload size is 56 bits including 24 bits of CRC.
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	11
	11bits = 4bits (Period) + 7bits (UL Slot) 

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

	Indication of synchronization resource
	2
	2bits indicate 3 candidate sets of synchronization resource

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	5
	Reserved bits

	CRC
	24
	

	Total
	56
	



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 [4], 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. 
When the gNB/eNB is the highest priority, the priority levels of LTE V2X are shown in Table 4. When the GNSS is the highest priority, the priority levels are shown in Table 5.

[bookmark: _Ref36911827]Table 4: gNB/eNB-based synchronization priority levels for LTE V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	LTE V2X SL-SSID range

	P0’
	gNB/eNB
	　
	　
	　

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[1,167]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[1,167]

	P3’
	GNSS
	　
	　
	　

	P4’
	UE3 directly sync with GNSS
	R3
	TRUE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	169

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[169,335]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	169

	
	UE7(standalone)
	R1/R2
	FALSE
	[170,335]



[bookmark: _Ref36911835]Table 5: GNSS-based synchronization priority levels for LTE V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	LTE 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
	169

	P3
	gNB/eNB
	　
	　
	　

	P4
	InC UE5 directly sync with gNB/eNB
	R1
	TRUE
	[1,167]

	P5
	UE6 indirectly sync with gNB/eNB by InC UE(UE5)
	R2
	FALSE
	[1,167]

	P6
	UE7(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	168

	
	UE8(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[169,335]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	169

	
	UE10(standalone)
	R1/R2
	FALSE
	[170,335]



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 6 and Table 7 can be derived from LTE V2X related tables, which corresponding to gNB/eNB-based and GNSS-based synchronization priority levels for NR V2X, respectively.

[bookmark: _Ref36911848]Table 6: 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]



[bookmark: _Ref36911858]Table 7: 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]



However, when the gNB/eNB is the highest priority, we can find that there is an issue of ambiguity between P5’ and P6’, as UE4, UE5 and UE6 can use the same SL-SSID value of 337, as shown in Table 6 marked as RED color. When the GNSS is the highest priority, we can also find that there is an issue of ambiguity between P2 and P6, as UE4, UE8 and UE9 can use the same SL-SSID value of 337, as shown in Table 7 marked as RED color.
Another issue of ambiguity will occur when there is two synchronization resources are configured. When the GNSS is the highest priority, we can find that there is an issue of ambiguity between P1 and P2, as UE3 and UE4 can use the same SL-SSID value of 0 with the same synchronization resource 2, as shown in Table 7 marked as BLUE color.
These issues of ambiguity can be resolve by following further revision in current synchronization mechanism:
· Reserve a SL-SSID for InC UE directly synch with GNSS, e.g. SL-SSID=1. 
· Then the SL-SSID set for In_C UE directly synch with gNB/eNB is SL-SSID= [2,335].
· For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., SL-SSID=0, and transmitting on resource 3). 
· Resource 2: InC = 0. SL-SSID=0.
· Other cases: 
· Resource 1 or 2 (different from Sync Ref):  
· If the SL-SSID of Sync Ref UE is 0, SL-SSID = 336 and InC = 0;
· Else, SL-SSID is from Sync Ref and InC = 0.
With the above corrections, the revised synchronization priority levels are shown in Table 8 and Table 9, respectively.

[bookmark: _Ref36911879]Table 8: Revised gNB/eNB-based synchronization priority levels for NR V2X
	Priority  level
	gNB/eNB-based synchronization
	Sync resource
	In-coverage indicator
	Revised NR V2X SL-SSID range

	P0’
	gNB/eNB
	　
	　
	

	P1’
	UE1 directly sync with gNB/eNB
	R1
	TRUE
	[2,335]

	P2’
	UE2 indirectly sync with gNB/eNB
	R2
	FALSE
	[2,335]

	P3’
	GNSS
	　
	　
	

	P4’
	UE3 directly sync with GNSS
	R3
	TRUE
	0

	P5’
	UE4 indirectly sync with GNSS by UE3
	R2
	FALSE
	0

	P6’
	UE5( >= 2 hops sync with gNB/eNB by UE2)
	R1/R2
	FALSE
	[338,671]

	
	UE6(>=2 hops sync with GNSS by UE4)
	R1/R2
	FALSE
	336

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




[bookmark: _Ref36911883]Table 9: Revised GNSS-based synchronization priority levels for NR V2X
	Priority  level
	GNSS-based synchronization
	Sync resource
	In-coverage indicator
	Revised NR V2X SL-SSID range

	P0
	GNSS
	　
	　
	　

	P1
	InC UE2 directly sync with GNSS
	R1
	TRUE
	1

	
	OoC UE3 directly sync with GNSS
	R3
	FALSE
	0

	P2
	UE5 indirectly sync with GNSS by InC UE(UE2)
	R2
	FALSE
	1

	
	UE6 indirectly sync with GNSS by OoC UE(UE3)
	R2
	FALSE
	0

	P3
	gNB/eNB
	　
	　
	　

	P4
	InC UE1 directly sync with gNB/eNB
	R1
	TRUE
	[2,335]

	P5
	UE4 indirectly sync with gNB/eNB by InC UE(UE1)
	R2
	FALSE
	[2,335]

	P6
	UE8(>=2 hops  sync with GNSS by InC UE)
	R1/R2
	FALSE
	337

	
	UE7(>=2 hops  sync with gNB/eNB by InC UE)
	R1/R2
	FALSE
	[338,671]

	
	UE9(>=2 hops sync with GNSS by OoC UE)
	R1/R2
	FALSE
	336

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



Proposal 11: For SSIDs used for each priority, LTE V2X mechanism will be reused for NR V2X with the SSIDs extended to 672 and corrections to solve the issues of ambiguity.
Proposal 12: the following corrections shall be applied in current synchronization mechanism to solve the issues of ambiguity:
· Reserve a SL-SSID for InC UE directly synch with GNSS, e.g. SL-SSID=1. 
· Then the SL-SSID set for In_C UE directly synch with gNB/eNB is SL-SSID= [2,335].
· For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., SL-SSID=0, and transmitting on resource 3). 
· Resource 2: InC = 0. SL-SSID=0.
· Other cases: 
· Resource 1 or 2 (different from Sync Ref):  
· If the SL-SSID of Sync Ref UE is 0, SL-SSID = 336 and InC = 0;
· Else, SL-SSID is from Sync Ref and InC = 0.

[bookmark: _Ref36559580]Conclusion
In this contribution, we discuss PSBCH DM-RS sequence initialization, PSBCH contents, payload size of PSBCH and SL-SSIDs used for each priority, and give the following observation and proposals:
Observation 1: The number of bits for indication of TDD configuration for two TDD patterns is so large that NR V2X PSBCH cannot accommodate these bits. 
Proposal 1:  The PSBCH DM-RS sequence initialization should use the following formula:

where
-	 is 3 LSBs of S-SSB index.
Proposal 2: Adopt the following text proposal for PSBCH DM-RS sequence initialization in 38.211.
-------------------------------------------------Start of Text Proposal for 38.211-----------------------------------------------
8.4.1.4.	Demodulation reference signals for PSBCH
8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 

where
-	 is 3 LSBs of S-SSB index.
--------------------------------------------------------End of Text Proposal -----------------------------------------------------
Proposal 3: PSBCH for NR V2X should include DFN, S-SSB index, Indication of synchronization resource, Indication of TDD configuration and In-coverage indicator.
Proposal 4:  Don’t confirm the working assumption that slot number is included into PSBCH payload. S-SSB index should be included into PSBCH payload instead.
Proposal 5: 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 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 6: Adopt the following text proposal for PSBCH payload generation in 38.212.
------------------------------------------------Start of Text Proposal for 38.212-----------------------------------------------
8.1.1	PSBCH payload generation	



Denote the bits in a transport block delivered to layer 1 by, where  is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block.

Generate the following additional timing related PSBCH payload bits , where:
-	if the frequency range of S-SSB is FR2,

are the 6th, 5th, and 4th bits of S-SSB index, respectively.
-	else if the frequency range of S-SSB is FR1

are reserved.
-	end if

<Irrelevant part omitted>
--------------------------------------------------------End of Text Proposal -----------------------------------------------------
Proposal 7: Indication of synchronization resource should be carried by PSBCH to indicate the set of synchronization resource which the S-SSB belonging to.
Proposal 8: Only inform the TDD configuration for one TDD pattern in order to reduce the overhead.
Proposal 9: Indication of TDD configuration occupies 11 bits in PSBCH payload. 
· 11bits = 0bits (X, Pattern) + 4bits (Y, Periodicity) + 7bits (Z, UL Slots)
Proposal 10: Confirm the working assumption that PSBCH payload size is 56 bits including 24 bits of CRC.
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	11
	11bits = 4bits (Period) + 7bits (UL Slot) 

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

	Indication of synchronization resource
	2
	2bits indicate 3 candidate sets of synchronization resource

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	5
	Reserved bits

	CRC
	24
	

	Total
	56
	



Proposal 11: For SSIDs used for each priority, LTE V2X mechanism will be reused for NR V2X with the SSIDs extended to 672 and corrections to solve the issues of ambiguity.
Proposal 12: the following corrections shall be applied in current synchronization mechanism to solve the issues of ambiguity:
· Reserve a SL-SSID for InC UE directly synch with GNSS, e.g. SL-SSID=1. 
· Then the SL-SSID set for In_C UE directly synch with gNB/eNB is SL-SSID= [2,335].
· For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., SL-SSID=0, and transmitting on resource 3). 
· Resource 2: InC = 0. SL-SSID=0.
· Other cases: 
· Resource 1 or 2 (different from Sync Ref):  
· If the SL-SSID of Sync Ref UE is 0, SL-SSID = 336 and InC = 0;
· Else, SL-SSID is from Sync Ref and InC = 0.
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