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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
Regarding the synchronization mechanism in NR V2X, the following agreements have been achieved in the previous meetings [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.


In this paper, we discuss the remaining issues of S-SSB and provide TPs for V2X specifications [2][3].

2. [bookmark: _Hlk18422011]Discussion
2.1. PSBCH content
In LTE sidelink, if an in-coverage UE obtains SIB1, it sets SL-TDD-Config in PSBCH to the value representing the same meaning as of TDD-config in the received SIB1. The main reason is to inform the partial coverage UE of the frame structure configured on Uu such that the partial coverage UE can identify UL subframes and derive its TX/RX resource pool.
NR TDD-config in SIB1 can be constructed by up to two distinct TDD patterns, each of which spans a configurable period belonging to {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10} ms. Thus, the periodicity of NR TDD-config can be a concatenation of two specific periodicities if 2 patterns are configured. It is noted that the semi-statically configured pattern duration shall divide 20 ms evenly to align with the default SSB periodicity. 
Different periodicities should also be supported by SL-TDD-Config. To adapt to the Uu configuration, the periodicity of SL-TDD-Config should be the same as Uu TDD-config. Denoting the periodicity of TDD-config as P, the periodicity of each TDD pattern as P1 and P2, we summarize all possible values and combinations of P in Table 2 and Table 3, respectively.
[bookmark: _Hlk37366084][bookmark: _Ref20054135]Proposal 1: Multiple periodicities are supported for SL-TDD-Config in PSBCH, the periodicity indicated by SL-TDD-Config should be the same as that of NR Uu TDD-config in SIB1.

[bookmark: _Ref37269802]Table 1. Periodicity of NR TDD-config with single TDD pattern
	[bookmark: _Ref23866968]
	P1, Periodicity of single TDD pattern(ms)

	15 kHz
	0.5
	1
	2
	4
	5
	10
	
	
	

	30 kHz
	0.5
	1
	2
	2.5
	4
	5
	10
	
	

	60 kHz
	0.5
	1
	1.25
	2
	2.5
	4
	5
	10
	

	120 kHz
	0.5
	0.625
	1
	1.25
	2
	2.5
	4
	5
	10


[bookmark: _Ref37269811]Table 2. Periodicity of NR TDD-config with up to two TDD patterns
	[bookmark: _Ref23867084]
	P, Periodicity of single or two TDD patterns(ms)
P=P1+P2 if two TDD patterns are configured,
P=P1 if single TDD pattern is configured

	15 kHz
	0.5
	1
	2
	4
	5
	10
	20
	
	
	

	30 kHz
	0.5
	1
	2
	2.5
	4
	5
	10
	20
	
	

	60 kHz
	0.5
	1
	1.25
	2
	2.5
	4
	5
	10
	20
	

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


[bookmark: _Ref37269831]Table 3. Combinations of the periodicity of NR TDD-config P
	
	P (ms)
	Single pattern
	Two patterns: P1+P2

	
	
	
	P1
	P2

	0
	0.5
	0.5
	/
	/

	1
	0.625
	0.625
	/
	/

	2
	1
	1
	/
	/

	3
	1.25
	1.25
	/
	/

	4
	2
	2
	/
	/

	5
	2.5
	2.5
	/
	/

	6
	4
	4
	/
	/

	7
	5
	5
	/
	/

	8
	10
	10
	/
	/

	9
	1
	/
	0.5
	0.5

	10
	1.25
	/
	0.625
	0.625

	11
	2
	/
	1
	1

	12
	2.5
	/
	1.25
	1.25

	13
	2.5
	/
	2
	0.5

	14
	2.5
	/
	0.5
	2

	15
	4
	/
	2
	2

	16
	4
	/
	3
	1

	17
	4
	/
	1
	3

	18
	5
	/
	2.5
	2.5

	19
	5
	/
	3
	2

	20
	5
	/
	2
	3

	21
	5
	/
	4
	1

	22
	5
	/
	1
	4

	23
	10
	/
	5
	5

	24
	20
	/
	10
	10



To indicate the periodicity and number of patterns in PSBCH, there are two options:
· Option 1 joint indication of periodicity and number of patterns
· As shown in Table 3, there are 25 combinations in total, thus 5 bits are required. For example, X+Y=5, X, and Y are jointly coded to indicate the combinations provided in Table 3.
· Option 2 separate indications of periodicity and number of patterns 
· As shown in Table 3, if one pattern or two patterns are indicated separately, 1 bit is needed to indicate whether there are 1 pattern or two patterns configured, and 4 bits are required to indicate the periodicity P. For example, X=1 bit, Y=4 bits.
Either option allows the RX UE to identify whether 1 or 2 patterns are configured, as well as the respective periodicity of each pattern by PSBCH decoding. Option 1 is preferred from the perspective of further extension. 
As discussed above, the joint indication of periodicity and number of patterns occupies 5 bits in total, the corresponding values of this indication range from 0 to 31, wherein 25-31 are left unused. If a new periodicity is introduced in substantial evolution, a few unused codepoints can be used to indicate the new periodicity and the corresponding pattern combinations without introducing additional bits.
In NR, in addition to periodicity, over 50 bits are used to indicate UL-DL partitioning in SIB1, which is impossible to be conveyed in PSBCH. Some simplifications or restrictions are required to limit resource indication overload. To reduce the number of bits used for TDD configuration, a coarse granularity of indication should be used in some cases, e.g., using a resource indication in 2 slots or 4 slots.
Due to limited PSBCH payload size, there may not be sufficient bits for resource indication in some cases especially when SCS=120 kHz. For example, if SCS=120kHz, pattern1=10ms and pattern2=10ms, each pattern contains up to 80 UL slots. Theoretically, there would be (80+1)*(80+1)-1=6560 possible configurations, which requires 13 bits. However, it is unrealistic to configure a pattern with either all UL slots or no UL slots when two patterns are configured. Moreover, as the number of S-SSB is no larger than 64, it is reasonable to assume that up to 64 UL slots are available for sidelink in each pattern, thus there are only (64)*(64)=4096 combinations left. 4 unused codepoints in the periodicity and pattern indicator can be used for resource indication together with 8bits resource indicator. Note that 4*2^8=1024 codepoints can cover all combinations with a resource indication granularity = 2 slots. When the periodicity is no larger than 5ms, a finer granularity such as 1 slot can be supported.
If the number of resource indication is reduced to 7 bits, it cannot cover all cases unless a larger granularity is used, which may result in worse SL performance.
[bookmark: _Ref37366090]Proposal 2: 13 bits are used for SL-TDD-Config, where 5 MSBs are used to indicate the number of TDD pattern and periodicity, 8 LSBs are used for resource indication.
[bookmark: _Ref37364115]Proposal 3: When the indicator of periodicity and number of patterns=0~8, there is 1 TDD pattern, and the 8 LSBs indicate the number of slot for SL.
[bookmark: _Ref37364116][bookmark: _Ref37431374]Proposal 4: When the indicator of periodicity and number of patterns=9~31, there are 2 TDD patterns, and the 8 LSBs indicate the number of SL resources as below:
· For P1 and P2 correspond to entry#9~22 in Table 3, indicator value =9~22, the granularity of resource indication is 1 slot.
· For P1=P2=5ms
· When SCS=15/30/60kHz, indicator value=23, the granularity of resource indication is 1 slot
· When SCS=120kHz, indicator value=23~25, the granularity of resource indication is 2 slots
· If indicator value=23, only 1 pattern contains SL resource
· If indicator value=24~25, both patterns contain SL resource
· For P1=P2=10ms
· When SCS=15/30KHz, indicator value=24, the granularity of resource indication is 1 slot 
· When SCS=60KHz, indicator value=24~25, the granularity of resource indication is 2 slots 
· If indicator value=24, only 1 pattern contains SL resource
· If indicator value=25, both patterns contain SL resource
· When SCS=120KHz, indicator value=26~30, the granularity of resource indication is 2 slots
· If indicator value=26, only 1 pattern contains SL resource
· If indicator value=27~30, both patterns contain SL resource 
Where P1 and P2 correspond to the periodicity of the first and second pattern respectively, granularity means the unit of resource indication.
Based on the above discussion, Table 4 summarizes the information to be included in PSBCH.
[bookmark: _Ref19347916]Table 4. PSBCH content
	
	
	Description 

	DFN
	10 bits
	

	SL-TDD-Config
	TDD Pattern and Periodicity: 5 bits
	The 5 MSB bits are used to indicate TDD pattern and periodicity, 8 LSB bits are used to indicate the number of resources for sidelink.

	
	SL resources:
8 bits
	

	Slot index
	7 bits
	

	In-coverage indication
	1 bit
	Same as LTE V2X

	Reserved bits
	1 bit
	For further extension


[bookmark: _Ref4869020]Proposal 5: PSBCH payload includes:
· DFN: 10 bits
· SL-TDD-Config: 13 bits 
· Pattern and Periodicity: 5 MSB
· Number of slots: 8 LSB
· Slot index: 7 bits
· In-coverage indication: 1 bit
· Reserved bits for future extension: 1 bit

2.2. TDD configuration Indication
The TDD configuration indication, i.e., SL-TDD-Config, in NR V2X is defined as below :
X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots.
In NR Uu, TDD-UL-DL-ConfigCommon provides the full information of UL-DL partitioning, where nrofUplinkSlots indicates the number of consecutive full UL slots at the end of each DL-UL pattern, and nrofUplinkSymbols indicates the number of consecutive UL symbols at the end of the slot preceding the first full UL slot. As to LTE Uu, a periodical set of UL-DL resources can be provided by configuring an index to the LTE TDD config table.
As the format of TDD configuration indication between Uu and SL-TDD config is quite different, rules on how to convert information from TDD-UL-DL-ConfigCommon or LTE TDD config 0-6 to X, Y and Z need to be specified, which would result in significant spec changes.
Alternatively, the transformation from Uu TDD configuration to X/Y/Z can be performed at NW side, which not only saves UE implementation cost but also eliminates spec impact. After conversion, NW transmits X, Y and Z bits indication information in sidelink SIB directly to UE. UE shall set the X/Y/Z in it PSBCH to the same value as the X/Y/Z received in SL SIB. 
[bookmark: _Ref32004271][bookmark: _Ref37364126]Proposal 6: eNB and gNB provide X, Y and Z bits TDD configuration to UE through SL SIB, and UE sets the SL-TDD-Config bits in its PSBCH to the same values provided by network.

2.3. Slot Number derivation from GNSS
In LTE-V2X, when the UE selects GNSS as the synchronization reference source, the DFN is defined by the following formulas:
DFN= Floor (0.1*(Tcurrent – Tref – offsetDFN)) mod 1024
SubframeNumber= Floor ((Tcurrent – Tref – offsetDFN)) mod 10
Where Tcurrent, Tref and Tref are defined in milliseconds. 
The same mechanism in LTE-V2X should be reused to NR-V2X. Besides, it’s necessary to number the slot in NR sidelink as SCS higher than 15 kHz are supported. Note the slot duration is inversely proportional to SCS and can be less than 1ms if the SCS is larger than 15kHz, Tcurrent and Tref should be defined in a finer time unit, e.g., in microseconds. The slot number in a subframe can be derived from the current UTC time as follows:
SlotNumber= Floor (0.001*(Tcurrent – Tref - OffsetDFN)* 2μ) mod 2μ
[bookmark: _Ref32011309]Where the value u depends on the SCS of sidelink, Tcurrent, Tref and OffsetDFN are time value in microseconds.
[bookmark: _Ref37364123]Proposal 7: When UE selects GNSS as the synchronization reference and offsetDFN is provided, the slot number in a subframe can be derived from the current UTC time, by the following formula:
SlotNumber= Floor (0.001*(Tcurrent – Tref - OffsetDFN)* 2μ) mod 2μ
Where μ=0/1/2/3 corresponding to the 15/30/60/120 khz SCS for SL respectively, Tcurrent, Tref and OffsetDFN are defined in microseconds.
------------------------------------------------------ Start of Draft TP of 331--------------------------------------------------
<Unchanged parts omitted>
5.8.12	DFN derivation form GNSS
When the UE selects GNSS as the synchronization reference source, the DFN used for NR sidelink communication is derived from the current UTC time, by the following formulae:
DFN= Floor (0.1*0.001* (Tcurrent – Tref – offsetDFN)) mod 1024
SubframeNumber= Floor (0.001*(Tcurrent –Tref – offsetDFN)) mod 10
SlotNumber= Floor (0.001*(Tcurrent – Tref – OffsetDFN)*2μ) mod 2μ
Where:
Tcurrent is the current UTC time that obtained from GNSS. This value is expressed in milliseconds microseconds;
Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds microseconds;
OffsetDFN is the value sl-OffsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds microseconds.
---------------------------------------------------------- End of Draft TP-------------------------------------------------------

2.4. QCL assumption
To guarantee the PSBCH coverage for higher SCS and to support beamforming for FR2, S-SSB repetition with the same QCL assumption should be supported. One way of supporting QCL pattern design is that S-SSB with the same value of (S-SSB index mod M) can be assumed as QCLed, where the value of QCL factor M can be (pre-)configured. For example, in FR2, S-SSB number=16, SCS=60kHz, and M=4, then for S-SSB with S-SSB index equals 1/5/9/13 (satisfying S-SSB index MOD 4 = 1) are QCLed with each other, while S-SSB with different values of (S-SSB index MOD 4) can be used for beam sweeping. Alternatively, S-SSB with the same value of (S-SSB index/M) can be assumed as QCLed, examples of both alternatives are shown below.
[image: ]
Figure 1. QCL assumption of S-SSB
[bookmark: _Ref23870026]Proposal 8: A subset of S-SSB in a periodicity can be assumed as QCLed. For example, the S-SSB with the same value of (S-SSB index MOD M) or (S-SSB index/M) can be assumed as QCLed, where M is a (pre-)configured QCL factor.
------------------------------------------------------ Start of Draft TP of 213-------------------------------------------------
16.1	Synchronization procedures
<Unchanged parts omitted>
A UE is provided, by numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
The UE may assume that S-SS/PBCH blocks transmitted with the same on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters, where  is provided by high layer. 
---------------------------------------------------------- End of Draft TP -------------------------------------------------------

3. Conclusion
In this contribution, we discuss some remaining issues of NR sidelink synchronization mechanism and have the following proposals: 
Proposal 1: Multiple periodicities are supported for SL-TDD-Config in PSBCH, the periodicity indicated by SL-TDD-Config should be the same as that of NR Uu TDD-config in SIB1.
Proposal 2: 13 bits are used for SL-TDD-Config, where 5 MSBs are used to indicate the number of TDD pattern and periodicity, 8 LSBs are used for resource indication.
Proposal 3: When the indicator of periodicity and number of patterns=0~8, there is 1 TDD pattern, and the 8 LSBs indicate the number of slot for SL.
Proposal 4: When the indicator of periodicity and number of patterns=9~31, there are 2 TDD patterns, and the 8 LSBs indicate the number of SL resources as below:
· For P1 and P2 correspond to entry#9~22 in Table 3, indicator value =9~22, the granularity of resource indication is 1 slot.
· [bookmark: _GoBack]For P1=P2=5ms
· When SCS=15/30/60kHz, indicator value=23, the granularity of resource indication is 1 slot
· When SCS=120kHz, indicator value=23~25, the granularity of resource indication is 2 slots
· If indicator value=23, only 1 pattern contains SL resource
· If indicator value=24~25, both patterns contain SL resource
· For P1=P2=10ms
· When SCS=15/30KHz, indicator value=24, the granularity of resource indication is 1 slot 
· When SCS=60KHz, indicator value=24~25, the granularity of resource indication is 2 slots 
· If indicator value=24, only 1 pattern contains SL resource
· If indicator value=25, both patterns contain SL resource
· When SCS=120KHz, indicator value=26~30, the granularity of resource indication is 2 slots
· If indicator value=26, only 1 pattern contains SL resource
· If indicator value=27~30, both patterns contain SL resource 
Proposal 5: PSBCH payload includes:
· DFN: 10 bits
· SL-TDD-Config: 13 bits 
· Pattern and Periodicity: 5 MSB
· Number of slots: 8 LSB
· Slot index: 7 bits
· In-coverage indication: 1 bit
· Reserved bits for future extension: 1 bit
Proposal 6: eNB and gNB provide X, Y and Z bits TDD configuration to UE through SL SIB, and UE sets the SL-TDD-Config bits in its PSBCH to the same values provided by network.
Proposal 7: When UE selects GNSS as the synchronization reference and offsetDFN is provided, the slot number in a subframe can be derived from the current UTC time, by the following formula:
SlotNumber= Floor (0.001*(Tcurrent – Tref - OffsetDFN)* 2μ) mod 2μ
Where μ=0/1/2/3 corresponding to the 15/30/60/120 khz SCS for SL respectively, Tcurrent, Tref and OffsetDFN are defined in microseconds.
Proposal 8: A subset of S-SSB in a periodicity can be assumed as QCLed. For example, the S-SSB with the same value of (S-SSB index MOD M) or (S-SSB index/M) can be assumed as QCLed, where M is a (pre-)configured QCL factor.
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