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1 [bookmark: Source]Introduction
Based on the following agreements about synchronization mechanism achieved in RAN1 #96bis~98bis meetings [1-4], this contribution provides our considerations on S-SSB burst set pattern, S-PSS/S-SSS sequences, and PSBCH contents.
Agreements: [RAN1 #96bis]
· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.
Working assumption: [RAN1 #97]
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements: [RAN1 #98]
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}
Agreements: [RAN1 #98b]
· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.
Agreements: [RAN1 #98b]
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: [RAN1 #98b]
· The following fields with “green” background are agreed
	PSBCH contents
	Number of bits
	Notes

	DFN
	
	

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

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	



2 Discussion
2.1 S-SSB burst set pattern
Multiple S-SSBs within one S-SSB period are introduced for beam-sweeping or repetition purpose, e.g. =64 S-SSBs for 120kHz SCS in FR2. Then, how to arrange  S-SSBs in the time domain is a key issue to be solved. In the following, we denote multiple S-SSBs within one S-SSB period as S-SSB burst set for simplicity.
For NR DL, single fixed SSB burst set pattern is designed for a specific band and numerology configuration. Based on the known SSB locations in the time domain, indicating SSB index instead of directly indicating slot index is workable. NR V2X should also adopt the single fixed S-SSB burst set pattern and the following benefits can be obtained compared with flexible S-SSB burst set pattern: 
· Single fixed S-SSB burst set pattern enables timing indication with reduced signalling overhead. Compared with indicating slot index directly, indicating S-SSB index based on fixed S-SSB burst set pattern can save 4 bits and 1 bit for FR1 and FR2, respectively, as shown in Table 1. Furthermore, if multiple S-SSB burst set patterns are supported as shown in Figure 1, the Rx UE will not infer the slot index of received S-SSB without information about which pattern is used by the Tx UE. Hence, additional indicator of S-SSB pattern is needed in this case, which will make the benefit of saving signalling overhead by indicating S-SSB index disappear.
· Single fixed S-SSB burst set pattern improves utilization efficiency of sidelink resource by reducing the number of slots reserved as S-SSB resources. In LTE V2X, the subframes for resource pools are determined after excluding synchronization subframes, DL and special subframes. If flexible S-SSB burst set pattern is supported in NR V2X, S-SSB may be transmitted in more slots, then the Rx UE must exclude all candidate slots of multiple S-SSB patterns which results in a waste of resource.
Table 1. Signalling overhead of slot index and S-SSB index
	Frequency range
	numerology
	No. of slots in each frame
	No. of bits to indicate slot index
	
	No. of bits to indicate S-SSB index

	FR1
	15k, NCP
	10
	4bits
	1
	0bit

	
	30k, NCP
	20
	5bits
	2
	1bit

	
	60k, NCP
	40
	6bits
	4
	2bits

	FR2
	60k, NCP
	40
	6bits
	32
	5bits

	
	120k, NCP
	80
	7bits
	64
	6bits




 
Figure 1. Illustration of multiple S-SSB burst patterns 
Proposal 1: Support single fixed S-SSB burst set pattern in the time domain for a specific band and numerology.
Regarding the S-SSB burst set pattern, NR DL SSB burst set pattern should be used as the starting point, as shown in Figure 2a and Figure 2b. 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK19]For FR1, one subframe is used to consecutively transmit =1/2/4 S-SSBs for 15/30/60kHz SCS respectively. As the number of S-SSBs is small, localized S-SSB burst set pattern could be simply reused without leading to the large latency and TDD restriction issues. 
· For FR2, 10ms S-SSB window is used to transmit 8 S-SSB bursts and each burst contains 4/8 consecutive S-SSBs occupying 1ms duration. The 1/2-slot gap between adjacent bursts enables data and HARQ feedback transmission so that the latency issue could be solved, and such the distributed S-SSB burst set pattern works well for ITS band and FDD band. However for TDD band, the relative long duration of S-SSB window will lead to a strong restriction for TDD configuration as mentioned in our previous contribution [5]. Therefore, for TDD band, we suggest to extend the burst interval from 1.25ms to 10/20ms as shown in Figure 2c.


Figure 2a. Localized S-SSB burst set pattern for FR1


Figure 2b. Short-interval distributed S-SSB burst set pattern for FR2 (ITS and FDD band)


Figure 2c. Long-interval distributed S-SSB burst set pattern for FR2 (TDD band)

Proposal 2: 
· For FR1, support localized S-SSB burst set pattern in Figure 2a where 1/2/4 S-SSBs are consecutively transmitted within one subframe for 15/30/60kHz SCS respectively
· For FR2, support distributed S-SSB burst set pattern where 32/64 S-SSBs are divided into 8 bursts with 4/8 S-SSBs in each burst confined within 1ms duration for 60/120kHz SCS respectively 
· For ITS band and FDD band, support short-interval pattern with 1.25ms of interval as shown in Figure 2b
· For TDD band, support long-interval pattern with 10/20ms of interval as shown in Figure 2c.
2.2 Synchronization signals
2.2.1 Mapping rule between SS, SSID and synchronization priority





It was agreed that 672 SSIDs are divided into 2 sets, id_net={0, 1, …, 335} and id_oon={336, 337, 338, …, 671} with similar approach as in LTE-V2X. Therefore, it is natural to derive  and  from SL-SSIDs as in LTE-V2X instead of that in NR Uu. The following formulas should be applied where S-PSS sequence is determined by, and S-SSS sequence is determined by and  together. 





Proposal 3:  S-PSS sequence is determined by, and S-SSS sequence is determined by and  together, where


In addition, the mapping between SSID and synchronization priority in LTE V2X was agreed to be reused with exception that the SSID=168/169 are replaced by SSID=336/337. For clarity, Table 2 and Table 3 give the mapping rules between SSID and synchronization priority for 2 and 3 pre-configured synchronization resources respectively, based on the example shown in Figure 3.


Figure 3. One example of synchronization relationship
Table 2. Mapping rule in case that 2 synchronization resources are pre-configured
	UE
	Sync Ref
	state
	V2X SSID
	InC bit
	Sync resource
	Priority

	UE-1
	NW
	IC
	SSID∈[1,335]
	1
	#1/2 configured by NW
	P4/P1’

	UE-2
	UE-1
	OOC
	SSID∈[1,335]
	0
	#2/1
	P5/P2’

	UE-3
	UE-2
	OOC
	SSID∈[337,671]
	0
	#1/2
	P6/P6’

	UE-4
	GNSS
	IC
	SSID=0
	1
	#1/2 configured by NW
	P1/P4’

	UE-5
	UE-4
	-
	SSID=0
	0
	#2/1
	P2/P5’

	UE-6
	UE-5
	-
	SSID=336
	0
	#1/2
	P6/P6’

	UE-7
	GNSS
	OOC
	SSID=0
	1
	#1
	P1/P4’

	UE-8
	UE-7
	-
	SSID=0
	0
	#2
	P2/P5’

	UE-9
	UE-8
	-
	SSID=336
	0
	#1
	P6/P6’

	UE-10
	-
	OOC
	Randomly select, SSID∈[338,671]
	0
	Randomly select between #1 and #2
	P6/P6’


Table 3. Mapping rule in case that 3 synchronization resources are pre-configured
	UE
	Sync Ref
	state
	V2X SSID
	InC bit
	Sync resource
	Priority

	UE-1
	NW
	IC
	SSID∈[1,335]
	1
	#1/2 configured by NW
	P4/P1’

	UE-2
	UE-1
	OOC
	SSID∈[1,335]
	0
	#2/1
	P5/P2’

	UE-3
	UE-2
	OOC
	SSID∈[337,671]
	0
	#1/2
	P6/P6’

	UE-4
	GNSS
	IC
	SSID=0
	1
	#1/2 configured by NW
	P1/P4’

	UE-5
	UE-4
	-
	SSID=0
	0
	#2/1
	P2/P5’

	UE-6
	UE-5
	-
	SSID=336
	0
	#1/2
	P6/P6’

	UE-7
	GNSS
	OOC
	SSID=0
	0
	#3
	P1/P4’

	UE-8
	UE-7
	-
	SSID=337
	0
	#2
	P2/P5’

	UE-9
	UE-8
	-
	SSID=337
	0
	#1
	P6/P6’

	[bookmark: _Hlk23931459]UE-10
	-
	OOC
	Randomly select,
SSID∈[338,671]
	0
	Randomly select between #1 and #2
	P6/P6’


Proposal 4: Support the mapping rules between SSID and synchronization priority in Table 2 and Table 3.
2.2.2 Repetitive S-PSS/S-SSS structure 
Considering that repetitive S-PSS structure in the time domain enables symbol-level correlation operation at Rx side and reduces the detection complexity by avoid blind detection on the 2nd S-PSS symbol, we prefer to use same sequence for both symbols of S-PSS. Moreover, it has been agreed that priority-related messages, such as the type of original synchronization source and hop-number, are carried by SSID and PSBCH contents, as illustrated in section 2.2.1. Indicating priority information by S-PSS (or S-SSS) combination is excluded naturally.
Proposal 5: Confirm the following working assumption:
· For the NR SLSS,
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

2.2.3 S-PSS sequences
The orthogonality between S-PSS and NR DL PSS is important for the Rx UE to distinguish them. Assigning different frequency points for S-PSS is not practical since NR DL SSB could be transmitted in any ARFCN for measurement purpose. Then, the only way is to design new S-PSS sequences with low cross-correlation with DL PSS in the time domain, e.g. by using different cyclic shift or different polynomial. If the same polynomial is used, the cyclic shift of S-PSS should be 21/22 or 64/65 to make the gaps between [0, 43, 86] used by DL PSS as large as possible. If different polynomial is used, the second polynomial of DL SSS, i.e. 131, is a good choice, by reusing legacy SSS generator as well as providing low cross-correlation with both DL PSS and SSS. Figure 3 gives the cross-correlation curves between the candidate S-PSSs and DL PSS (the right sub-figure), as well as the auto-correlation curve of DL PSS as the baseline (the left sub-figure). The input sequences of correlation module is generated by 256-point IFFT operation. The simulation results shows that the cross-correlation values between the two candidate S-PSSs and DL PSS are very close, and both of them are much smaller than the peak value of auto-correlation. 
[image: ]
[bookmark: OLE_LINK20][bookmark: OLE_LINK24]Figure 4. Auto-correlation and cross-correlation performance of PSS
Proposal 6: For V2X S-PSS, down select from the following two alternatives:
· Same polynomial as NR DL PSS with different cyclic shift values, e.g. 21/22 and 64/65
· Different polynomials, e.g. 131, FFS cyclic shift values
    
2.2.4 S-SSS sequences
In LTE D2D and V2X systems, S-SSS simply reuses LTE DL SSS without introducing new sequences. Considering that DL and SL synchronization signals can be distinguished based on PSS sequences, there is no motivation to design new sequences for V2X S-SSS. Taking 672 sequences out of 1008 DL SSS sequences for V2X S-SSS is favourable. For example:



Proposal 7: Support to reuse NR DL SSS sequences as V2X S-SSS.

2.3 PSBCH contents
Referring discussion about PSBCH contents in the last meeting, Table 4 gives the candidate fields as well as the signaling overhead and description of each field from our perspective. “Type of sync source” is cut out since currently gNB and eNB are regarded as network synchronization source with equal priority. The details of remaining fields will be further discussed in the following.
Proposal 8: Support PSBCH contents listed in Table 4. 

Table 4. PSBCH contents
	fields
	No. of bits
	Notes

	DFN
	6+2=8
	6 MSBs of DFN + 2-bit resource indicator (see detailed descriptions above proposal 9)

	Slot index within a subframe
	3
	Slot index should be implicitly indicated by S-SSB index. 6 bits are needed to indicate 64 S-SSBs, among which 3 bits could be carried by PSBCH DM-RS sequences as NR DL.

	SL-BWP information
	[3]
	Indicate the size of SL-BWP and the offset between S-SSB and SL-BWP similar as initial DL BWP in NR

	Indication of TDD configuration
	[17]
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots
Indicate slot-level TDD configuration

	In-coverage indicator
	1
	Also indicated by PSBCH DM-RS sequence for FR1

	Type of sync source
	
	Not needed

	total
	32
	



2.3.1 Timing information
To achieve an aligned timing between Tx UEs and Rx UEs, SL-MIB should contain timing related information, i.e., using the absolute timing indicators DFN (10 bits to indicate [0, 1023]) and slot number (7 bits to indicate 80 slots within one frame in case of 120kHz SCS). 
Similar as NR DL, slot number could be implicitly indicated by S-SSB index, and such information could be carried by DM-RS sequences for FR1, or DM-RS sequences and PSBCH payload for FR2. 
Besides reducing signalling overhead as mentioned in section 2.1, indicating S-SSB index could avoid hypothesis operation about timing information when performing PSBCH soft combining within one burst for FR2. Based on S-SSB burst set pattern for 60kHz SCS shown in Figure 2b, Table 5 gives the DM-RS sequences and timing indicator in PSBCH payload for each S-SSB when indicating S-SSB index and slot index respectively. Obviously, the DM-RS and timing indicator in PSBCH payload change more regularly and therefore the hypothesis at Rx side could be avoid.
Table 5. PSBCH contents
	Burst index
	S-SSB index
	Slot index in one frame
	S-SSB index
(5 bits)
	Slot index
(6 bits)

	
	
	
	PSBCH 
(2 MSB)
	DM-RS
(3 LSB)
	PSBCH 
(3 MSB)
	DM-RS
(3 LSB)

	#0
	S-SSB#0
	#0
	0
	0
	0
	0

	
	S-SSB#1
	#1
	0
	1
	0
	1

	
	S-SSB#2
	#2
	0
	2
	0
	2

	
	S-SSB#3
	#3
	0
	3
	0
	3

	#1
	S-SSB#4
	#5
	0
	4
	0
	5

	
	S-SSB#5
	#6
	0
	5
	0
	6

	
	S-SSB#6
	#7
	0
	6
	0
	7

	
	S-SSB#7
	#8
	0
	7
	1
	0

	#2
	S-SSB#8
	#10
	1
	0
	1
	2

	
	S-SSB#9
	#11
	1
	1
	1
	3

	
	S-SSB#10
	#12
	1
	2
	1
	4

	
	S-SSB#11
	#13
	1
	3
	1
	5

	#3
	S-SSB#12
	#15
	1
	4
	1
	7

	
	S-SSB#13
	#16
	1
	5
	2
	0

	
	S-SSB#14
	#17
	1
	6
	2
	1

	
	S-SSB#15
	#18
	1
	7
	2
	2



Regarding the frame-level timing, the relative fixed location of synchronization resource within each period could also be utilized to save the signalling overhead. As illustrated in Figure 5, 10240ms DFN cycle includes 64 S-SSB periods (160ms=16 frames), and then the frame number could be divided into 2 levels: 
· Period number: to indicate which period the S-SSB is transmitted and clearly its value equals to the 6 MSBs of DFN.  
· [bookmark: OLE_LINK25][bookmark: OLE_LINK28]Offset within one period: to indicate the time offset of synchronization resource within 160ms period. In LTE V2X, all the UEs will be pre-configured with 2 or 3 synchronization resources by the parameter SL-OffsetIndicatorSync and the locations of synchronization resources can be calculated by (10*DFN + subframe number) mod 160 = SL-OffsetIndicatorSync. Similarly in NR V2X, a time offset should be used to indicate the location of S-SSB resource, e.g. the starting position of S-SSB window. Instead of indicating absolute offset value, Tx UE can only indicate which one S-SSB resources is used by 2-bit resource indicator, and then Rx UE can infer the time offset value of received S-SSB window according to pre-configuration, e.g. value 0 means resource 1 with offset1, and value 1 means resource 2 with offset2.
Compared with 10-bit DFN, {6 MSBs of DFN + 2-bit S-SSB resource indicator} can save 2 bits.


Figure 5. Illustration of DFN indicating method
Proposal 9: Frame-level timing, i.e. DFN, should be indicated by {6 MSB of DFN + 2-bit S-SSB resource indicator} in PSBCH contents.
Proposal 10: Slot-level timing should be implicitly indicated by S-SSB index if single S-SSB burst pattern is supported:
· for FR1, the 2-bit S-SSB index should be carried by PSBCH DM-RS sequences
· [bookmark: _GoBack]for FR2, 3 LSB S-SSB index should be carried by PSBCH DM-RS sequences and 3 MSB S-SSB index should be carried by PSBCH payload.

[bookmark: OLE_LINK16]2.3.2 In-coverage indicator
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]The “In-coverage” indicator and V2X SSID are used together to distinguish synchronization priorities as described in section 2.2.1. As for how to convey this information, majority companies prefer to reserve 1 bit field in PSBCH payload rather than through DM-RS sequences based on the email discussion. The motivation behind this is to reuse the design of NR DL DM-RS and simplify PSBCH soft combining at Rx side. And we totally agree with that. However, for FR1, the maximum number of transmitted S-SSB is 4. Then, the 8 candidate PSBCH DM-RS sequences should carry 2-bit S-SSB index and 1-bit half-frame indicator, if NR DL design is reused. From the timing indication method above, the half-frame indicator is no longer needed since the synchronization resource location could be derived by resource indicator and SL-OffsetIndicatorSync. Therefore, for PSBCH DM-RS sequence generation for FR1, we suggest to replace half-frame indicator by “In-coverage” indicator. In this case, Rx UE could recognize synchronization priority and select the highest one based on S-PSS, S-SSS and DM-RS sequences, so that decoding PSBCH from synchronization reference UEs with lower priorities only for getting the priority information could be avoided.  
[bookmark: OLE_LINK22][bookmark: OLE_LINK23] 
Proposal 11: Reserve 1 bit in PSBCH payload for “In-coverage” indicator.
· For FR1, a copy of this “In-coverage” indicator should be carried by PSBCH DM-RS sequence, to replace half-frame indicator in DL DM-RS generation.

2.3.3 SL-BWP information
For shared band, gNB should have the flexibility to re-configured SL-BWP, which could be different from the pre-configured SL-BWP. Then for partial coverage scenarios, to guarantee the consistent understanding on resource pools between Tx and Rx sides, SL-BWP should be indicated via SL-MIB in NR V2X, similar as “sl-Bandwidth” in LTE V2X. However, indicating the location and bandwidth size of SL-BWP by RIV may require a large signalling overhead. For example,  bits are needed when the carrier bandwidth is 100 PRBs. Owing to some restrictions on SL-BWP, for example S-SSB should always be included in SL-BWP, there are some redundant RIVs, such as the RIV indicating a bandwidth smaller than S-SSB bandwidth. Therefore, it is possible to reduce the number of valid RIVs and represent them through a predefined SL-BWP table. Alternatively, the indication method for NR initial DL BWP can be reused. Each entry in the SL-BWP table associates with a bandwidth size indicator and a location indicator expressed as the offset between the S-SSB and the current SL-BWP. Although this method may reduce the flexibility of SL-BWP configuration, a small number of SL-BWPs will be sufficient for NR V2X.
[bookmark: OLE_LINK10][bookmark: OLE_LINK21]Proposal 12: Support to indicate SL-BWP by {SL-BWP size + offset between S-SSB and SL-BWP} as the indication method of initial DL BWP.
2.3.4 TDD configuration
[bookmark: OLE_LINK9][bookmark: OLE_LINK18][bookmark: OLE_LINK27][bookmark: OLE_LINK29][bookmark: OLE_LINK11][bookmark: OLE_LINK12]To avoid interference to cellular traffic, the determination of resource pools in the time domain relies on TDD-UL-DL configuration and therefore, 3-bit “tdd-ConfigSL” indicator is carried by SL-MIB in LTE V2X. While in NR, the TDD-UL-DL configuration is much more complicated and generally includes four types: cell-specific “tdd-UL-DL-ConfigurationCommon” in SIB1 and servingCellConfigCommon, UE-specific “tdd-UL-DL-ConfigurationDedicated” in servingCellConfig and dynamic SFI in DCI format 2_0. It was agreed that system-wide common TDD configuration, including the two types of cell-specific TDD-UL-DL, should be considered to fully exploit UL resources for NR V2X. However, the PSBCH payload size is too small to carry all the possibilities. Based on the agreement that PSBCH payload size is 56 bits including 24 bits of CRC for evaluation purpose and the others necessary fields listed in Table 4, at most 17 bits are left for TDD-UL-DL configurations. And based on current signalling framework (i.e., TDD-UL-DL-Pattern= periodicity + the number of DL slots + the number of DL symbols + the number of UL slots + the number of UL symbols), 17 bits are not enough to indicate single periodicity cell-specific TDD-UL-DL configuration when the periodicity is larger than 10 slots (see Appendix for details), not to mention double periodicity TDD-UL-DL configurations. Take an extreme example when 120kHz SCS is configured, the longest periodicity is 10ms=80 slots, then 25 bits are needed in total, which are far more than 17 bits. 
· 3 bits to indicate one periodicity from 8 candidate values {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms}, and
·  bits to indicate the number of DL slots, and
·  bits to indicate the number of DL symbols, and
·  bits to indicate the number of UL slots, and
·  bits to indicate the number of UL symbols 
[bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK26][bookmark: OLE_LINK15]
One method to compress TDD indication is to ignore the DL/UL symbols and indicate slot-level TDD configuration only, so that only 3+7+7=17bits are needed.
Proposal 13: Slot-level TDD-UL-DL configuration should be applied to NR V2X by {3-bit periodicity + 7-bit DL slots + 7-bit UL slots}. 
 
3 Conclusions
In the document, some considerations on S-SSB burst pattern, S-PSS/S-SSS sequences, and PSBCH contents are provided, and following conclusions are proposed:
Proposal 1: Support single fixed S-SSB burst set pattern in the time domain for a specific band and numerology.
Proposal 2: 
· For FR1, support localized S-SSB burst set pattern in Figure 2a where 1/2/4 S-SSBs are consecutively transmitted within one subframe for 15/30/60kHz SCS respectively
· For FR2, support distributed S-SSB burst set pattern where 32/64 S-SSBs are divided into 8 bursts with 4/8 S-SSBs in each burst confined within 1ms duration for 60/120kHz SCS respectively 
· For ITS band and FDD band, support short-interval pattern with 1.25ms of interval as shown in Figure 2b
· For TDD band, support long-interval pattern with 10/20ms of interval as shown in Figure 2c.



Proposal 3:  S-PSS sequence is determined by, and S-SSS sequence is determined by and  together, where


Proposal 4: Support the mapping rules between SSID and synchronization priority in Table 2 and Table 3.
Proposal 5: Confirm the following working assumption:
· For the NR SLSS,
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
Proposal 6: For V2X S-PSS, down select from the following two alternatives:
· Same polynomial as NR DL PSS with different cyclic shift values, e.g. 21/22 and 64/65
· Different polynomials, e.g. 131, FFS cyclic shift values
Proposal 7: Support to reuse NR DL SSS sequences as V2X S-SSS.
Proposal 8: Support PSBCH contents listed in Table 4. 
Table 4. PSBCH contents
	fields
	No. of bits
	Notes

	DFN
	6+2=8
	6 MSBs of DFN + 2-bit resource indicator (see detailed descriptions above proposal 9)

	Slot index within a subframe
	3
	Slot index should be implicitly indicated by S-SSB index. 6 bits are needed to indicate 64 S-SSBs, among which 3 bits could be carried by PSBCH DM-RS sequences as NR DL.

	SL-BWP information
	[3]
	Indicate the size of SL-BWP and the offset between S-SSB and SL-BWP similar as initial DL BWP in NR

	Indication of TDD configuration
	[17]
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots
Indicate slot-level TDD configuration

	In-coverage indicator
	1
	Also indicated by PSBCH DM-RS sequence for FR1

	Type of sync source
	
	Not needed

	total
	32
	


Proposal 9: Frame-level timing, i.e. DFN, should be indicated by {6 MSB of DFN + 2-bit S-SSB resource indicator} in PSBCH contents.
Proposal 10: Slot-level timing should be implicitly indicated by S-SSB index if single S-SSB burst pattern is supported:
· for FR1, the 2-bit S-SSB index should be carried by PSBCH DM-RS sequences
· for FR2, 3 LSB S-SSB index should be carried by PSBCH DM-RS sequences and 3 MSB S-SSB index should be carried by PSBCH payload.
Proposal 11: Reserve 1 bit in PSBCH payload for “In-coverage” indicator.
· For FR1, a copy of this “In-coverage” indicator should be carried by PSBCH DM-RS sequence, to replace half-frame indicator in DL DM-RS generation.
Proposal 12: Support to indicate SL-BWP by {SL-BWP size + offset between S-SSB and SL-BWP} as the indication method of initial DL BWP.
Proposal 13: Slot-level TDD-UL-DL configuration should be applied to NR V2X by {3-bit periodicity + 7-bit DL slots + 7-bit UL slots}. 
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Appendix
· For 15kHz SCS: 2 bits for 4 candidate periodicities
	Periodicity
	DL slots
	DL symbols*
	UL slots
	UL symbols*
	total

	1ms1slot
	1bit
	4bits
	1bit
	4bits
	10bits

	2ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	5ms5slots
	3bits
	4bits
	3bits
	4bits
	14bits

	10ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits


*Note: the number of DL/UL symbols is range from 0 to 13, therefore 4 bits are needed. 
· For 30kHz SCS: 3 bits for 6 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	Total

	0.5ms1slot
	1bit
	4bits
	1bit
	4bits
	10bits

	1ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	2ms4slots
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]3bits
	4bits
	3bits
	4bits
	14bits

	2.5ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	5ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	10ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits



· For 60kHz SCS: 3 bits for 7 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	Total

	0.5ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	1ms4slots
	3bits
	4bits
	3bits
	4bits
	14bits

	1.25ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	2ms8slots
	4bits
	4bits
	4bits
	4bits
	16bits

	2.5ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	5ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits

	10ms40slots
	6bits
	4bits
	6bits
	4bits
	20bits



· For 120kHz SCS: 3 bits for 8 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	Total

	0.5ms4slots
	3bits
	4bits
	3bits
	4bits
	14bits

	0.625ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	1ms8slots
	4bits
	4bits
	4bits
	4bits
	16bits

	1.25ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	2ms16slots
	5bits
	4bits
	5bits
	4bits
	18bits

	2.5ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits

	5ms40slots
	6bits
	4bits
	6bits
	4bits
	20bits

	10ms80slots
	7bits
	4bits
	7bits
	4bits
	22bits



Cell-specific TDD-UL-DL configurations in NR
[image: ]
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