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1. Introduction
In RAN WG1 #99 meeting, the following agreements were made:

	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:
There are 672 unique physical-layer sidelink identities given by:
  
where  and . 

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.

Agreeements:
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
	

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	





This contribution addresses the sidelink synchronization mechanisms. 

2. Discussion 
2.1. Sidelink synchronization signals
2.2. S-SSB structure
To prevent unnecessary increase of scheduling complexity, S-SSB slots are configured to the TDD slots available for SL transmission and a SL resource pool is configured as not to overlap with the S-SSB slots. More details on the SL resource pool configuration can be found in the document R1-2000781.
Proposal 1: S-SSB slot is not included in the SL resource pool.
Regarding the frequency domain location of S-PSS and S-SSS, those two signals in S-SSB are fixed to be located at the center of the PSBCH bandwidth, like as in NR Uu case. Subcarrier number of S-PSS and S-SSS relative to the start of a PSBCH block is [2,3,…,128].
Proposal 2: Subcarrier number of S-PSS and S-SSS relative to the start of a PSBCH block is [2,3,…,128]. The text proposal is provided as TP#1 in Appendix.
In NR Uu, multiple SSBs within the SSB period are QCL-ed to indicate the same spatial filtering is applied to the SSBs. In the receiver side, those QCL-ed SSBs can be combined to improve SSB detection performance. For NR SL, all the S-SSBs transmitted by the nearby UEs are received in SFN fashion. That is, from the receiver UE side, differentiating each S-SSB is neither possible nor necessary from synchronization perspective. Therefore, QCL configuration over S-SSB is not supported at least in Rel.16.
Proposal 3: QCL configuration over S-SSB is not supported in Rel.16.
2.3. PSBCH
The overall NR Uu PBCH transport process is reused for PSBCH transport process. It comprises the following steps:
1) PSBCH payload generation
2) First scrambling
3) CRC attachment
4) Channel coding
5) Rate matching
6) Second scrambling
7) Modulation
8) PSBCH to RE mapping
PSBCH payload is comprised of two parts. One part is called MIB (Master Information Block), which is determined by a higher layer and delivered to a physical layer for transmission. The other part is determined by a physical layer and merged with MIB to form a PSBCH payload.
PSBCH carries a slot structure that informs the TDD slot configuration. Using the TDD slot configuration, the candidate slot/symbols for SL transmission is known to UEs. Other fields such as the time/frequency location of the BWP and subcarrier spacing are pre-configured by a higher layer signaling.
S-SSB location in time domain is identified by a frame number and a slot index within a frame. These information is carried by PSBCH so that the receiver knows the exact time-domain location the S-SSB when it detects a S-SSB. As UE knows the order of the received S-SSB from the (pre-)configuration on the synchronization resource information and the exact timing information from the PSBCH payload, S-SSB index does not need to be transmitted in PSBCH.
Regarding the agreed TDD configuration field in PSBCH payload, the required number of bits for conveying a complete TDD-UL-DL-ConfigCommon is too large for PSBCH payload (more than 30 bits). Considering the limited number of bits for PSBCH payload, a reduced version of TDD slot configuration is desirable.
One of the solution is to signal only the UL slots of the TDD-UL-DL-ConfigCommon since all the SL slots have same number of SL symbols as configured by SL BWP. The number of possible combinations of two pattern periods is 18, which requires 5 bits for periodicity signaling. As for the number of SL slots, 8 bits are required to signal the maximum number of SL slots for all SCS case. Together with the periodicity, working assumption of 13 bits is satisfied.
If a single pattern is configured by network, there is no compromise in slot configuration granularity. If two patterns are configured, two pattern periods are considered as a single merged period. The number of SL slots indicates the number of the successive slots from the end of the merged period. Even if the second pattern period is indicated as full UL slots, the (pre-)configured resource pool bit map indication on the TDD configuration allows to use a part of the second pattern period for SL slots. So there is no compromise in slot configuration granularity in this case.
TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                           OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                                   OPTIONAL -- Need R
    ]]
Proposal 4: PSBCH payload conveys the following information.
· TDD configuration consists of the periodicity (5 bits) and the number of SL slots (8 bits).
· The number of SL slots indicates the number of the successive SL slots from the end of the periodicity.

	PSBCH contents
	MIB
# bits
	Payload
# bits
	Notes

	DFN
	10
	
	Direct frame number

	TDD configuration
	13
	
	System-wide configuration for potential SL slots

	In-coverage indicator
	
	1
	Same as LTE-V2X

	Slot index within a frame
	
	7
	For exacting timing information of S-SSB

	Reserved
	
	1
	For future extension

	CRC
	
	24
	

	Total bits (55)
	
	56
	


For PSBCH DM-RS sequence generation, further clarification is needed for the following agreement made in RAN1 #98bis meeting.
· Same DM-RS sequence generation with NR Uu PBCH
–       length-31 Gold sequence with QPSK modulation
In NR PBCH DM-RS sequence design, a cell ID and a half frame index is used for sequence initialization. For PSBCH, the cell ID can be replaced with the SL-SSID and the half frame index is not needed. Therefore the half frame index can be replaced with a constant bit value of ‘0’.
In addition, as explained in the next paragraph, DM-RS RE shift in frequency domain is not needed. The PBCH DM-RS sequence initialization was made in accordance with the PBCH DM-RS RE shift by .  As a consequence, for PSBCH DM-RS sequence generation that does not require DM-RS RE shift in frequency domain, the term  and  in NR PBCH DM-RS sequence initialization can be simply replaced by SL-SSID.
Proposal 5: DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS. The text proposal is provided TP#2 in Appendix.
· , 
where  is S-SSB index mod 8.
NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling with necessary modification. The first scrambling is done over the PSBCH payload before a channel coding is applied, and the second scrambling is done after the channel coding is applied. To maximize the effect of interference mitigation through scrambling operation, each S-SSB block within a S-SSB period is scrambled by a different scrambling sequence.
For the first and the second scrambling, the NR Uu scrambling sequence generation is reused. The first scrambling is applied to the PSBCH payload. The first scrambling sequence for i-th S-SSB is derived from the pseudo-random sequence c(j) defined in NR, and initialized with Cinit=SL-SSID at the start of each S-SSB period.
,
where M1 is the length of PSBCH payload for scrambling and iS-SSB is the S-SSB index.
The second scrambling is applied to the encoded and rate-matched PSBCH codeword. The second scrambling sequence for i-th S-SSB is derived from the pseudo-random sequence c(j) defined in NR, and initialized with Cinit=SL-SSID at the start of each S-SSB period.
,
where M2 is the length of PSBCH codeword for scrambling and  is the S-SSB index mod 8, which is derived from the PSBCH DM-RS detection.
Proposal 6: NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling. The text proposal is provided as TP#3 and TP#4 in Appendix.
· The first-stage and the second-stage scrambling sequences are initialized with Cinit=SLSSID at the beginning of a S-SSB period.
· The scrambling sequences are generated based on the S-SSB index and its modulo-8 value for the 1st and the 2nd scrambling respectively.
2.4. Synchronization procedure
It was agreed in RAN1 #98bis meeting that S-SSB RSRP is used for the selection of the synchronization source when two or more UE synchronization sources have same priority. As for the S-SSB RSRP measurement, PSBCH DM-RS is the most preferred source for S-SSB RSRP measurement as it occupies the largest number of symbols in a S-SSB. In addition, S-SSS can also be used for S-SSB RSRP measurement as it enables for RX UE to differentiate the SL-SSID from each other, which is not the case for S-PSS.
Proposal 7: For S-SSB RSRP measurement, PSBCH DM-RS and S-SSS can be used as a source. Details are up to UE implementation.
One issue for further clarification is FFS point of whether there is an issue with prioritization among references of the same priority. As we discussed in RAN1 #98bis meeting, S-SSB RSRP based sync source selection and reselection should be sufficient in most of cases, except the case of synchronization source with the lowest priority of P6 and P6’. For this particular case, we share the Qualcomm’s view that SL-SSID based synchronization cluster merging could be beneficial. The SL-SSID based synchronization cluster merging should be limited to P6 and P6’ priority case, and should be applied for both GNSS-prioritized and gNB/eNB-prioritized synchronization case.
The SL-SSID based synchronization cluster merging could be an enhancement to the already agreed S-SSB RSRP based cluster merging. Network should be able to (pre-)configure which synchronization cluster merging scheme is used.
Proposal 8: NR SyncRef UE (re)selection procedure is enhanced if UE selects SynchRefUE with lower SLSS ID (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification) within the out-of-coverage SSB ID set ([336, 671]).
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case
If the same MPR value is applied to S-PSS, S-SSS, and PSBCH, the S-PSS transmission power is adjusted to be the same as S-SSS and PSBCH. The resultant S-SSB transmission power is determined from the maximum allowed SL transmission power and the open-loop power control.  The S-SSB open-loop power control depends only on the downlink pathloss.
For OLPC of S-SSB transmission, only downlink pathloss based OLPC is supported. When downlink P0 is configured, downlink pahtloss based OLPC is enabled. Even though sidelink pathloss based OLPC is not supported, P0 is (pre-)configured for calculating the S-SSB transmission power, same as in LTE-V2X case.
Proposal 9: Downlink pathloss based S-SSB OLPC is supported. The text proposal is provided as TP#5 in Appendix.
The S-PSS transmission power is adjusted by applying the amplitude scaling factor on the S-PSS modulation operation.In addition, as the number of REs used for S-PSS and S-SSS are different from that of PSBCH, the relevant factor is used as a power boosting for S-PSS and S-SSS compared to PSBCH.
Proposal 10: The difference in REs used for SLSS and PSBCH is taken into account for the amplitude scaling factor of S-PSS and S-SSS. The text proposal is as TP#6 in Appendix.
2.5. Multi-cluster synchronization
In LTE V2X, once a synchronization reference is selected, UE does not search or track the other asynchronous synchronization reference. This makes communication difficult between UEs belonging to the different asynchronous synchronization clusters. In Rel.12/13 LTE D2D, the operation to search an asynchronous synchronization reference was supported with dropping a part of the packets for transmission. Network assistance information on e.g. the SLSS resources of the neighbor cells would help the UEs to search/track the multiple synchronization sources as in Rel.12/13 LTE D2D.
In recent email discussion, the issue of the sidelink synchronization under asynchronous cells with different timing was discussed. Considering this issue may affect the standardization effort in RAN2 and RAN4 as well as RAN1, it seems hardly possible to finalize to support the relevant feature in Rel.16 timeline. Therefore it’s mostly desirable that this feature is treated as an important leftover issue in Rel.17. If it’s strongly required to include this feature in Rel.16, it’s recommended to just reuse the Rel.12 LTE D2D mechanism.
Observation: Sidelink synchronization under asynchronous cells is considered as an essential leftover issue in Rel.17.

3. Conclusion
This contribution discussed on NR SL synchronization mechanism. The discussions can be summarized as follows:
Proposal 1: S-SSB slot is not included in the SL resource pool.
Proposal 2: Subcarrier number of S-PSS and S-SSS relative to the start of a PSBCH block is [2,3,…,128]. The text proposal is provided as TP#1 in Appendix.
Proposal 3: QCL configuration over S-SSB is not supported in Rel.16.
Proposal 4: PSBCH payload conveys the following information.
· TDD configuration consists of the periodicity (5 bits) and the number of SL slots (8 bits).
· The number of SL slots indicates the number of the successive SL slots from the end of the periodicity.

	PSBCH contents
	MIB
# bits
	Payload
# bits
	Notes

	DFN
	10
	
	Direct frame number

	TDD configuration
	13
	
	System-wide configuration for potential SL slots

	In-coverage indicator
	
	1
	Same as LTE-V2X

	Slot index within a frame
	
	7
	For exacting timing information of S-SSB

	Reserved
	
	1
	For future extension

	CRC
	
	24
	

	Total bits
	
	56
	


Proposal 5: DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS. The text proposal is provided TP#2 in Appendix.
· , 
where  is S-SSB index mod 8.
Proposal 6: NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling. The text proposal is provided as TP#3 and TP#4 in Appendix.
· The first-stage and the second-stage scrambling sequences are initialized with Cinit=SLSSID at the beginning of a S-SSB period.
· The scrambling sequences are generated based on the S-SSB index and its modulo-8 value for the 1st and the 2nd scrambling respectively.
Proposal 7: For S-SSB RSRP measurement, PSBCH DM-RS and S-SSS can be used as a source. Details are up to UE implementation.
Proposal 8: NR SyncRef UE (re)selection procedure is enhanced if UE selects SynchRefUE with lower SLSS ID (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification) within the out-of-coverage SSB ID set ([336, 671]).
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case
Proposal 9: Downlink pathloss based S-SSB OLPC is supported. The text proposal is provided as TP#5 in Appendix.
[bookmark: _GoBack]Proposal 10: The difference in REs used for SLSS and PSBCH is taken into account for the amplitude scaling factor of S-PSS and S-SSS. The text proposal is as TP#6 in Appendix.
Observation: Sidelink synchronization under asynchronous cells is considered as an essential leftover issue in Rel.17.

Appendix
TP#1. Text proposal for TS 38.211
	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
	2,3,…,128

	S-SSS
	3, 4
	2,3,…,128

	PSBCH
	0, 5,6, …,
	0,1,…,131

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






TP#2. Text proposal for TS 38.211
	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 the modulo-8 value of S-SS/PSBCH block index as defined in Subclause 16.1 of [5, TS38.213].



TP#3. Text proposal for TS 38.212
	[bookmark: _Toc533709978]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 = 1188 when higher layer paramter cyclicPrefix-SL is configured, otherwise, E = 1782.
Data arrives to the coding unit in the form of a maximum of one transport block every 160ms. The following coding steps can be identified:
-	Payload generation
-	Scrambling
-	Transport block CRC attachment 
-	Channel coding
-	Rate matching
[bookmark: _Toc533709979]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 as defined in Subclause [6.1.4] of [8, TS 38.321].
Generate the following additional timing related PBCH payload bits , where:
-	 is the inCoverage indicator;
-	 are the indexes of the slot that include S-SS/PSBCH block as defined in Subclause 16.1 of [5, TS38.213];
-	 are reserved for future use.

Let ; ; ; ; ; ;

for  to 
if  is an DFN bit
;
;
elseif  is the TDD configuration indication bit
;
;
elseif  is the slot index bit
;
;
elseif  is the RFU bit
;
;
else
;
end if
end for


where the value of  is given by Table 8.1.1-1.

Table 8.1.1-1: Value of PSBCH payload interleaver pattern 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	0
	16
	4
	8
	8
	24
	12
	3
	16
	9
	20
	14
	24
	21
	28
	27

	1
	23
	5
	30
	9
	7
	13
	2
	17
	11
	21
	15
	25
	22
	29
	28

	2
	18
	6
	10
	10
	0
	14
	1
	18
	12
	22
	19
	26
	25
	30
	29

	3
	17
	7
	6
	11
	5
	15
	4
	19
	13
	23
	20
	27
	26
	31
	31



[bookmark: _Toc533709980]8.1.2	Scrambling





For PSBCH transmission in a frame, the bit sequence  is scrambled into a bit sequence , where  for  and  is generated according to the following:

;

while 
   ;

;
end while

The scrambling sequence  is given by Subclause 5.2.1of [4, TS38.211] and initialized with  at the start of each S-SS/PSBCH block period; and  is the S-SS/PSBCH block index as defined in Subclause 16.1 of [5, TS38.213].

[bookmark: _Toc533709981]8.1.3	Transport block CRC attachment
Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC). 




The entire transport block is used to calculate the CRC parity bits. The input bit sequence is denoted by , and the parity bits by, where  is the payload size and  is the number of parity bits. 




The parity bits are computed and attached to the BCH transport block according to Subclause 5.1 by setting  to 24 bits and using the generator polynomial , resulting in the sequence, where . 





The bit sequence  is the input bit sequence  to the channel encoder, where  for  and .
[bookmark: _Toc533709982]8.1.4	Channel coding






Information bits are delivered to the channel coding block. They are denoted by  , where  is the number of bits, and they are encoded via Polar coding according to Subclause 5.3.1, by setting , , , and .


After encoding the bits are denoted by , where  is the number of coded bits. 
[bookmark: _Toc533709983]8.1.5	Rate matching

The input bit sequence to rate matching is . 
The rate matching output sequence length E = 1386 when higher layer parameter cyclicPrefix-SL is configured, otherwise, E = 1782.

Rate matching is performed according to Subclause 5.4.1 by setting . 

The output bit sequence after rate matching is denoted as . 




TP#4. Text proposal for TS 38.211
	[bookmark: _Toc11324553]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 and  is the modulo-8 value of S-SS/PSBCH block index as defined in Subclause 16.1 of [5, TS38.213]. The scrambling sequence shall be initialized with  at the start of each S-SS/PSBCH block period.




TP#5: Text proposal for TS 38.213
	16.2.x	S-SS/PSBCH
A UE determines a power  for a S-SS/PSBCH block transmission in slot i as
· if p0-DL-PSBCH and p0-SL-PSBCH are provided
- 
· else if p0-DL-PSBCH is provided
- 
· else if p0-SL-PSBCH is provided
-  [dBm]
· else
-   [dBm]	

where
·  is defined in [8-1, TS 38.101-1]
-      [dBm]
-      [dBm]
-	 is a value of p0-DL-PSBCH if provided
-	 is a value of alpha-DL-PSBCH, if provided; else,  
·  is defined in Subclause 7.1.1
·  is a value of p0-SL-PSBCH, if provided
·  is a number of resource blocks for the PSBCH transmission and  is a SCS configuration




TP#6. Text proposal TS 38.211
	[bookmark: _Toc11324584]8.4.3.1.1	Mapping of S-PSS within an S-SS/PSBCH block
The sequence of symbols  constituting the sidelink primary synchronization signal in one OFDM symbol shall be scaled by a factor  to conform to the S-PSS power allocation specified in [5, TS 38.213] and mapped to resource elements  in increasing order of  in each of the symbols , where  and  are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.
[bookmark: _Toc11324585]8.4.3.1.2	Mapping of S-SSS within an S-SS/PSBCH block
The sequence of symbols  constituting the sidelink secondary synchronization signal in one OFDM symbol shall be scaled by a factor  to conform to the S-SSS power allocation specified in [5, TS 38.213] and mapped to resource elements  in increasing order of  in each of the symbols , where  and  are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.
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