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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:
Confirm the working assumptions that the same sequence is used for both symbols of S-PSS and the same sequence is used for both symbols of S-SSS.
Agreements:
· Proposal 4 in R1-1912157 is agreed
Agreements:
The in-coverage indicator as included in PSBCH payload is 1-bit.
Agreements:
For PSBCH DM-RS RE position: 
· No shift in frequency domain is adopted.
Agreements:
For PSBCH DM-RS RE position: 
· Every symbol of PSBCH contains the DM-RS. 
Agreements:
· The S-SSB resources in time domain is (pre-)configured.
Agreements:
S-PSS uses the same polynomial (i.e., x7+x4+1) and the same initial value, but different cyclic shifts {22, 65} to that of NR DL-PSS.
Agreements:
S-SSS reuses, the same polynomials, initial values and cyclic shifts as that of the Gold sequences of NR DL-SSS.
Agreements:
· The triggering of S-SSB transmission in NR V2X reuses the same mechanism that in LTE V2X.
Agreements:
· The S-SSBs within the period of 160ms are distributed with the same interval with the following (pre-)configured parameters:
· The offset from the start of the S-SSB period to the first S-SSB
· The interval between neighboring S-SSBs
Working assumption:
· PSBCH payload size is 56 bits including 24 bits of CRC.
Agreements:
· 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
	





In this paper, we discuss the remaining issues of S-SSB and provide TPs for V2X specifications [2][3][4].

2. [bookmark: _Hlk18422011]Discussion
2.1. PSBCH content
In LTE sidelink, if an in-coverage UE obtains SIB1, it sets TDD-configSL 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, 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 TDD-configSL. In order to adapt to the Uu configuration, the periodicity of TDD-configSL 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: _Ref20054135]Proposal 1: Multiple periodicities are supported for TDD-configSL in S-SSB, the periodicity of TDD-configSL is the same as that of NR Uu TDD-config in SIB1.

Table 1. Periodicity of NR TDD-config with single TDD pattern
	
	P1, Periodicity of single TDD pattern(ms)

	15 kHz
	0.5
	1
	2
	5
	10
	
	
	

	30 kHz
	0.5
	1
	2
	2.5
	5
	10
	
	

	60 kHz
	0.5
	1
	1.25
	2
	2.5
	5
	10
	

	120 kHz
	0.5
	0.625
	1
	1.25
	2
	2.5
	5
	10


[bookmark: _Ref23866968]Table 2. Periodicity of NR TDD-config with up to two TDD patterns
	
	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: _Ref23867084]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
	5
	5
	/
	/

	7
	10
	10
	/
	/

	8
	1
	/
	0.5
	0.5

	9
	1.25
	/
	0.625
	0.625

	10
	2
	/
	1
	1

	11
	2.5
	/
	1.25
	1.25

	12
	2.5
	/
	2
	0.5

	13
	2.5
	/
	0.5
	2

	14
	4
	/
	2
	2

	15
	5
	/
	2.5
	2.5

	16
	10
	/
	5
	5

	17
	20
	/
	10
	10



To indicate the periodicity of TDD-configSL in PSBCH, there are some options:
· Option.1 If P1, P2 are indicated separately, 3*2=6 bits are required. Additionally, 1 bit is needed to indicate whether there are 1 pattern or two patterns configured, thereby 6+1=7 bits are needed.
· Option.2 As shown in Table 3, there are 18 combinations in total, thus 5 bits are required.
· Option.3 4 bits are used to indicate a periodicity which is the same as the total periodicity of NR Uu TDD-config in SIB1.
One benefit of option.2 and option.1 is that RX UE can identify whether 1 or 2 patterns are configured and the respective periodicity of each pattern by PSBCH decoding. It is noted that option.2 incurs less PSBCH overhead than option.1. Option.3 costs the least number of bits, but it is not able to indicate the boundary between the two TDD patterns. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In NR, in addition to periodicity, over 50 bits are used to indicate UL-DL partitioning in SIB1. It is impossible for NR sidelink UE to convey so many bits in PSBCH. Some simplifications or restrictions are required. 
One straightforward solution is to use a coarse granularity of resource indication, e.g., use a resource indication in ms level. For each pattern with a periodicity of up to 10 ms, 4 bits are required for resource indication. Hence, up to 8 bits are required for two patterns. 
For example, two TDD patterns from SIB1 are shown below, in this case, the 5 MSB bits of TDD-configSL=17, indicating P=20ms, and two 4-bit resource indicators indicate 3ms and 4 ms respectively.


Figure 1. Example of TDD patterns
[bookmark: _Ref32086236]Proposal 2: 13 bits are used for TDD-configSL, 
· 5 MSB of TDD-configSL are used to indicate the periodicity of TDD-configSL;
· 5th -8th LSB of TDD-configSL indicates the number of ms for SL in the first pattern; 
· 1st -4th LSB of TDD-configSL indicates the number of ms for SL in the second pattern.

Another straightforward solution is that regardless of whether 1 or 2 TDD patterns are configured in Uu, only a number of consecutive end-loaded UL slots of the last pattern is indicated by TDD-configSL. For example, as shown in case1 in Figure 2, the UL portion of the 2nd pattern can be indicated by TDD-configSL but the first UL portion of the 1st pattern cannot. It is also noted that there is a possibility that, in some extreme cases, the TDD pattern can be configured as ‘full-UL’. In this case, up to 160 slots can be designated for sidelink, thus 8 bits are required. However, there is still a risk that it may result in a lack of sidelink resource, hence mediocre V2X performance especially when the last pattern has limited UL resources.


[bookmark: _Ref32086422]Figure 2. indication capability of 7-bit/8-bit slot level indication 
[bookmark: _Ref32497036]Observation 1. If only resources of the last TDD pattern can be indicated in TDD-configSL, there may not be a sufficient number of sidelink resources available.

It is noted when the periodicity of TDD config is 1 slot, the TDD config, in some sense, is a semi-statically configured slot format which repeats every slot, in this case, it is feasible to indicate SFI which represents the slot format in PSBCH.
[bookmark: _Ref23870036]Proposal 3: When the periodicity of TDD-configSL is 1 slot for a given SCS, the 8 LSB of the TDD-configSL indicates an SFI index which represents the slot format of each slot.

Based on the above discussion, Table 4 summarizes the information to be included in PSBCH. 
[bookmark: _Ref19347916]Table 4. PSBCH content
	
	
	Description 

	DFN
	10
	

	TDD-configSL
	Periodicity: 5 bits
	The 5 MSB bits are used to indicate the periodicity, 4+4=8 LSB bits are used to indicate the number of resources for sidelink.
When the periodicity of TDD-configSL is 1 slot, 8 LSB bits indicate an SFI index which represents the slot format of each slot.

	
	SL resources:
4+4=8 bits
	

	Slot index
	7
	

	In-coverage indication
	1
	Same as LTE V2X

	Reserved bits
	1
	For further extension


[bookmark: _Ref4869020]Proposal 4: PSBCH payload includes:
· DFN: 10 bits
· TDD-configSL: 13 bits 
· Periodicity: 5 MSB
· Number of slots or SFI: 8 LSB
· Slot index: 7 bits
· In-coverage indication: 1 bit
· Reserved bits for future extension: 1 bit

In the case of LTE controlling NR sidelink, UE can obtain a 3-bit subframe level LTE TDD config from LTE SIB1, however, it may have some difficulties in converting a subframe-level LTE TDD configuration into a 13-bit slot-level TDD-configSL field when the NR sidelink SCS is different from LTE. Therefore, it is preferred for eNB to provide a TDD configuration which is similar to NR TDD configuration in NR SIB1 in the SL SIB to help NR sidelink UE derive the TDD-configSL field.
[bookmark: _Ref4869022][bookmark: _Ref32004387]Proposal 5: In the eNB controlling NR sidelink cases, the eNB should provide a TDD configuration using the format of NR TDD configuration to NR sidelink UE.

2.2. PSBCH DMRS initialization
PSBCH DMRS initialization should be specified. To reuse the Uu design as much as possible, the PSBCH DMRS sequence can be generated based on the SLID and S-SSB index and the sequence generation can be specified as below:
[bookmark: _Ref19981659]Proposal 6: PSBCH DMRS sequence is generated based on SLID and up to 3 bits of S-SSB index. 
------------------------------------------------------ Start of Draft TP of 211--------------------------------------------------
<Unchanged parts omitted>
8.4.1.4.	Demodulation reference signals for PSBCH
8.4.1.4.1	Sequence generation
[bookmark: _Hlk31999199]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 the 1 LSB of S-SSB index when , or
·  is the 2 LSB of S-SSB index when , or 
·  is the 3 LSB of S-SSB index when  as defined in [5, TS 38.213] 
---------------------------------------------------------- End of Draft TP-------------------------------------------------------

2.3. PSBCH generation and scrambling
In NR Uu, the PSBCH payload is comprised of two parts. One part is the timing information which changes within a TTI (80ms), such as 3 LSB of SFN, HFI, and 3MSB of S-SSB index. These fields are generated by the physical layer. The other part is generated by the high layer, containing the information which remains unchanged in a TTI. Moreover, given that the number of bits generated by higher layer shall be byte-aligned, the 4th LSB of SFN is also generated by the physical layer instead of high layer such that the high layer part has 3 octets. The main reason for using 2-layer payload generation and hence 2-layer scrambling is that UE needs to perform soft combining across multiple periodicities within a TTI. In LTE V2X, there is no such requirement, thus, the whole PSBCH payload is generated by high layer. 
For NR V2X, there are two options for PSBCH generation to be considered:
· Option1. To reuse the NR Uu design as much as possible, e.g., a 7-bit slot index and 4 LSB of DFN are generated by the physical layer. In order to make the high layer part to be byte-aligned, 7 more bits should be generated by the physical layer, e.g., 7 LSB of TDD-configSL.
· Option2. Similar to LTE V2X, the whole bits of PSBCH content are generated by the high layer.
Option2 is much simpler if there is no requirement for PSBCH content soft combining.
[bookmark: _Ref32011309]Proposal 7: Similar to LTE V2X, the whole bits of PSBCH content are generated by the high layer.
------------------------------------------------------ Start of Draft TP of 212--------------------------------------------------
<Unchanged parts omitted>
8.1.1	PSBCH payload generation 

Denote the bits in a transport block delivered to layer 1 by , where A is the payload size generated by higher layers. The lowest order information bit a0 is mapped to the most significant bit of the transport block as defined in Clause 6.1.1 of [8, TS 38.321].
---------------------------------------------------------- End of Draft TP -------------------------------------------------------


Another remaining issue is the PSBCH scrambling sequence generation. To reuse the Uu principle, the scrambling sequence shall be initialized at every S-SSB with .

[bookmark: _Ref23870044]Proposal 8: NR PSBCH scrambling sequence is initialized at every S-SSB with , and the S-SSB index bit(s) is used for scrambling sequence generation.
------------------------------------------------------ Start of Draft TP of 211--------------------------------------------------
<Unchanged parts omitted>
8.3.3	Physical sidelink broadcast channel
8.3.3.1	Scrambling
The block of bits, where  is the number of bits transmitted on the physical sidelink broadcast channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1, and
·  is the 1 LSB of S-SSB index when , or
·  is the 2 LSB of S-SSB index when , or 
· is the 3 LSB of S-SSB index when  as defined in [5, TS 38.213] 

The scrambling sequence generator shall be initialized with  at the start of each S-SS/PSBCH block.
---------------------------------------------------------- End of Draft TP -------------------------------------------------------

2.4. QCL assumption
In order 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 3. QCL assumption of S-SSB
[bookmark: _Ref23870026]Proposal 9: 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 -------------------------------------------------------

2.5. S-SS frequency position
The frequency position of S-SS within an S-SSB remains uncertain. It is better to be located at the center of the 11 RB bandwidth. Hence, we propose that
[bookmark: _Ref32004271]Proposal 10: The spacing between the start of S-PSS/S-SSS and the start of the S-SSB is two subcarriers.
------------------------------------------------------ Start of Draft TP of 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

	PSBCH
	0, 5,6, …,
	0,1,…,131

	DM-RS for PSBCH
	0, 5,6, …,
	0, 4, 8, …., 128


---------------------------------------------------------- End of Draft TP -------------------------------------------------------

2.6. Rate matching
For ECP, there are 7 PSBCH symbols, thus the coded bits should be 7*11*12*3/4*2=1386 bits instead of 1188 bits, therefore we propose that 
[bookmark: _Ref32004273]Proposal 11: The number of coded bits is 1386 for S-SSB rate matching in the ECP case.
------------------------------------------------------ Start of Draft TP of 212--------------------------------------------------
<Unchanged parts omitted>
8	Sidelink transport channels and control information
8.1	Sidelink broadcast channel
The processing for SL-BCH transport channel follows the BCH according to subclause 7.1, with the following changes:
-	Subclause 7.1.1 for PBCH payload generation is replaced by Subclause 8.1.1.
-	Subclause 7.1.2 for scrambling is not performed.
-	In subclause 7.1.5, the rate matching output sequence length E = 13861188 when higher layer parameter cyclicPrefix-SL is configured, otherwise, E = 1782.
---------------------------------------------------------- End of Draft TP -------------------------------------------------------

2.7. S-SSB power
There is still uncertainty on the PSD offset between S-PSS and PSBCH/S-SSS. Based on the agreement, RX UE may use the first PSBCH symbol for AGC when receiving S-SSB, if the UE does not know the PSD offset between PSBCH/S-SSS and S-PSS, it may perform inappropriate AGC loop which degrades the decoding performance. 
To specify the EPRE offset between S-PSS and PSBCH/S-SSS, there are some possible options:
· Option.1. Fixed EPRE offset between P-SSS and S-SSS/PBSCH, e.g., 3dB EPRE offset due to MPR differences between P-SSS and S-SSS/PBSCH.
· Option.2. Assumption of the same EPRE between P-SSS and S-SSS/PBSCH
· Option.3. A dynamic range of EPRE offset between P-SSS and S-SSS/PBSCH whereas the choice of specific EPRE offset can be left to UE implementation
Based on our simulation results, S-PSS with 3dB power-boosting facilitates both CFO estimation and S-SSS detection. With option.2, the S-PSS performance becomes the bottleneck of the S-SSB detection due to insufficient power. It is worth noting that even though the transient period is consumed by S-SSS, option.1 still outperforms option.2 by around 1dB. 


[bookmark: _Ref8295337]Figure 4. S-SSB structure
Therefore, option.1 is preferred and the TP is as below:
[bookmark: _Ref32004257]Proposal 12: UE assumes that EPRE of S-PSS is 3dB higher than PSBCH and S-SSS, agree the TP of 3dB power boosting for S-PSS transmission in 38.213.
[bookmark: _Ref32004259]Proposal 13: UE assumes that EPRE of S-SSS, PSBCH and PSBCH DMRS are the same.
------------------------------------------------------ Start of Draft TP of 213 -------------------------------------------------
16.1	Synchronization procedures
<Unchanged parts omitted>
For reception of a S-SS/PSBCH block, a UE assumes a frequency location corresponding to the subcarrier with index 66 in the S-SS/PSBCH block [4, TS 38.211], is provided by absoluteFrequencySSB-SL. The UE assumes that S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data have same EPRE. The UE may assume that the ratio of S-PSS EPRE to S-SSS EPRE in an S-SS/PBCH block is 3 dB. The UE assumes a same numerology of the S-SS/PSBCH as for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is within a bandwidth of the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PBCH block is aligned with a subcarrier with index 0 in the SL BWP.
---------------------------------------------------------- End of Draft TP -------------------------------------------------------
	[image: ]
	[image: ]

	1. SLID miss-detection, SCS=30kHz
	1. PSBCH miss-detection, SCS=30kHz


3. Conclusion
In this contribution, we discuss some remaining issues of NR sidelink synchronization mechanism and have the following proposals and TPs: 
Observation 1. If only resources of the last TDD pattern can be indicated in TDD-configSL, there may not be a sufficient number of sidelink resources available.

Proposal 1: Multiple periodicities are supported for TDD-configSL in S-SSB, the periodicity of TDD-configSL is the same as that of NR Uu TDD-config in SIB1.
Proposal 2: 13 bits are used for TDD-configSL, 
· 5 MSB of TDD-configSL are used to indicate the periodicity of TDD-configSL;
· 5th -8th LSB of TDD-configSL indicates the number of ms for SL in the first pattern; 
· 1st -4th LSB of TDD-configSL indicates the number of ms for SL in the second pattern.
Proposal 3: When the periodicity of TDD-configSL is 1 slot for a given SCS, the 8 LSB of the TDD-configSL indicates an SFI index which represents the slot format of each slot.
Proposal 4: PSBCH payload includes:
· DFN: 10 bits
· TDD-configSL: 13 bits 
· Periodicity: 5 MSB
· Number of slots or SFI: 8 LSB
· Slot index: 7 bits
· In-coverage indication: 1 bit
· Reserved bits for future extension: 1 bit
[bookmark: _GoBack]Proposal 5: In the eNB controlling NR sidelink cases, the eNB should provide a TDD configuration using the format of NR TDD configuration to NR sidelink UE.
Proposal 6: PSBCH DMRS sequence is generated based on SLID and up to 3 bits of S-SSB index.
Proposal 7: Similar to LTE V2X, the whole bits of PSBCH content are generated by the high layer.
Proposal 8: NR PSBCH scrambling sequence is initialized at every S-SSB with , and the S-SSB index bit(s) is used for scrambling sequence generation.
Proposal 9: 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.
Proposal 10: The spacing between the start of S-PSS/S-SSS and the start of the S-SSB is two subcarriers.
Proposal 11: The number of coded bits is 1386 for S-SSB rate matching in the ECP case.
Proposal 12: UE assumes that EPRE of S-PSS is 3dB higher than PSBCH and S-SSS, agree the TP of 3dB power boosting for S-PSS transmission in 38.213.
Proposal 13: UE assumes that EPRE of S-SSS, PSBCH and PSBCH DMRS are the same.
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Annex A
Table 5. Simulation assumption
	Carrier Frequency
	6 GHz

	Channel Model
	CDL V2X urban LOS channel model 

	Subcarrier Spacing(s)
	30 kHz, 60 kHz

	UE Speed
	6 km/h 

	Delay Spread
	100ns

	PSBCH BW
	11RB

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	DMRS
	Density=1/4

	Interference model
	Scenario 1: no interference

	Initial Frequency Offset
	Uniform distribution within [-5, 5] ppm of the nominal carrier frequency
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