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Introduction
According to the timelines of the chairman’s guideline on feature lead summary, it can be referred as:
· Preparation phase (2/17-2/21):
· By the end of 2/17: Feature leads to summarize critical issues for each sub-agenda.
· 2/18-2/21: Email discussion to finalize the set of issues for each sub-agenda. By the end of 2/21, all critical issues will be identified, and a revised feature lead summary on sidelink synchronization will be submitted in R1-2000833.
· Official email discussion/approval phase (2/24-3/6):
· 2/24-2/26: Email approval of RAN1#99 meeting minites.
· 2/24-3/3: Email discussion/approvals for the identified critical issues
· For Rel-15, individual CRs
· For Rel-16, the endorsed TPs
· 3/4-3/6: Email approvals of per-WI per-spec Rel-16 editors’ CRs

Sidelink synchronization issue list
This feature lead summary document captures the remaining issues of sidelink synchronization mechanism aspects for NR-V2X based on the submitted contributions [3]-[21]. The issue list with priorities can be found as following subsection.

Issues with TOP priority

	Issue#
	Descriptions
	Tdocs

	1
	1-1 Content of PSBCH: Indication of TDD configuration
	[3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7, Spreadtrum] [9,OPPO] [10,CATT] [12,Futurewei] [13,Samsung] [16,CMCC][17,LGE] [19,NTT DOCOMO]

	
	1-2 Content of PSBCH: Slot index vs. S-SSB index
	[10,CATT]

	2
	2-1 DM-RS sequence initialization for PSBCH: How to generate Cinit
	[3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7, Spreadtrum] [10,CATT] [12,Futurewei] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson]

	
	2-2 Scrambling of PSBCH
	[3,Huawei, HiSilicon] [4,vivo] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE]

	3
	3-1 Transmission power of S-SSB: S-SSB power control
	[3,Huawei, HiSilicon] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson]

	
	3-2 Transmission power of S-SSB: Power difference for S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data
	[4,vivo] [12,Futurewei] [13,Samsung] [14,ITRI] [17,LGE]

	
	3-3 S-PSS/S-SSS frequency position in S-SSB
	[4,vivo] [7, Spreadtrum] [13,Samsung] [17,LGE]

	4
	4-1 QCL for S-SSB transmission: Whether to define QCL for S-SSB transmission
	[6,ZTE, Sanechip] [12,Futurewei] [15,Intel] [17,LGE] [21,Ericsson]

	
	4-2 QCL for S-SSB transmission: How to define QCL for S-SSB transmission
	[3,Huawei, HiSilicon] [4,vivo] [13,Samsung]

	5
	Lower SLSS ID with higher priority for P6/P6’ UE
	[20,Qualcomm, FirstNet, UK Home office, Kyocera, Continental Automotive GmbH, LGE, AT&T, OPPO, Panasonic, Ford Motor Company, GM ATCI, Volkswagen, Toyota ITC, Bosch, NTT DOCOMO, Fraunhofer HHI, Fraunhofer IIS] [17,LGE]

	6
	Synchronization to multiple sources
	[5,Nokia, NSB]

	7
	Limitation on the S-SSB interval
	[3,Huawei, HiSilicon]

	8
	Resource sets for S-SSB transmission
	[5,Nokia, NSB] [9,OPPO]

	9
	PSBCH rate matching for extended CP
	[4,vivo] [7,Spreadtrum] [17,LGE]



Open issues

	Issue#
	Descriptions
	Tdocs

	8
	Timing determination of S-SSB
	[13,Samsung] [11,Fujitsu]

	9
	Multiplexing between S-SSB and data
	[3,Huawei, HiSilicon]

	10
	SL timing derived from GNSS
	[3,Huawei, HiSilicon] [8,MediaTek] [18,Sharp]

	11
	SL timing derived from eNB/gNB timing
	[8,MediaTek] [5,Nokia, NSB]

	12
	Timing offset between eNB and gNB synchronization source
	[3,Huawei, HiSilicon] [8,MediaTek] [14,ITRI]

	13
	eNB type synchronization as UE capability
	[3,Huawei, HiSilicon]

	14
	LTE UE as a synchronization source for NR SL
	[5,Nokia, NSB]

	15
	(Re-)selection of SyncRef in EN-DC/NE-DC network
	[8,MediaTek]



PSBCH contents
In RAN1#99 meeting [2], the following fields in PSBCH contents were agreed.
	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
	






The proposals of PSBCH contents are as follows,
· The 56 of total bits of SL-MIB should be confirmed. [3,Huawei, HiSilicon]
· [bookmark: _Ref4869020]PSBCH payload includes:  [4,vivo]
· 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
· Determine PSBCH information element for the slot index (slotIndex) so that it accounts the UL-DL slot configuration information, and logically indicates the index of the UL slot within the concatenated pattern. Reduce the number of bits for the slot index (slotIndex) to 6 bits or preferably to 5 bits (i.e. ). Introduce one or two additional bits as reserved bits, increasing the number of reserved bits to 4; bits (i.e. ). [5,Nokia, NSB]
· PSBCH for NR V2X should include DFN, S-SSB index, Indication of synchronization resource, Indication of TDD configuration and In-coverage indicator. Confirm the working assumption that PSBCH payload size is 56 bits including 24 bits of CRC. [10,CATT]
	PSBCH contents
	bits
	Notes

	Direct Frame Number
	10
	[0,1023]

	Indication of TDD configuration
	12
	14bits = 3bits (Period) + 7bits (UL Slot) + 2bits (UL Symbol) 

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

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

	In-coverage Indicator
	1
	Carried by PSBCH Payload explicitly

	Reserved
	4
	Reserved bits

	CRC
	24
	

	Total
	56
	


· Support the following PSBCH contents and payload size. [13,Samsung]
	PSBCH contents
	Number of bits

	DFN
	10

	Indication of TDD configuration
	12

	Slot index
	7

	In-coverage indicator
	1

	Reserved bits
	2

	CRC
	24

	Total bits
	56


· PSBCH content defines the following additional parameters: Sidelink Resource Configuration ID; Reserved bits with pre-configurable number of bits and bit values. [15,Intel]
· It is proposed of PSBCH contents as follows: [17,LGE]
	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
	


· Confirm the working assumption of ‘Slot index’ field with 7 bits. Reserved bits are 3 bits. [19,NTT DOCOMO]
· Confirm the working assumption for the PSBCH contents for NR SL Rel-16. Moreover, 2 bits are used as reserve bits to complete the 56 bits of the PSBCH contents. [21,Ericsson]

Indication of TDD configuration
In NR Uu, the TDD configuration is of high flexibility and costs numbers of bits. 12 bits in PSBCH content cannot completely indicate TDD configurations. A simplified and reduced signaling overhead can be applied for TDD configuration in sidelink.
12 companies discussed about how to use reduced signaling overhead to indicate the TDD configuration in sidelink PSBCH content with less bits compared with NR Uu. A number of combinations of pattern, periodicity and SL resources were proposed in [3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7, Spreadtrum] [9,OPPO] [10,CATT] [12,Futurewei] [13,Samsung] [16,CMCC] [17,LGE] [19,NTT DOCOMO].
8 companies proposed different TDD configuration indication methods by using 12-bit of information field in PSBCH. The following table shows the proposals in [3,Huawei, HiSilicon] [5,Nokia, NSB] [6,ZTE, Sanechip] [9,OPPO] [10,CATT] [12,Futurewei] [13,Samsung] [16,CMCC].
3 companies proposed to increase TDD configuration information field with 1 bit or 2 bits in PSBCH. [4,vivo] [17,LGE]
1 company proposed to use 11 bits in PSBCH to indicate TDD configuration and save 1 bit as another reserve bit. [19,NTT DOCOMO]
	Alternatives
	Overhead
	Indication of Slot/symbol-level timing 
	Supporting companies

	Alt. 1
	12 bits
	1bit (Pattern)  + 4bits (Periodicity) + 7bits (UL slots)
5bits (Pattern & Periodic) + 7bits (UL slots)
	[3,Huawei,HiSilicon] [9,OPPO] [16,CMCC]

	Alt. 2
	
	4bits (Periodicity) + 8bits(consecutive UL slots)
	[12,Futurewei]

	Alt. 3
	
	1bit (Pattern) + 3bits (Periodicity) + 8bits (SL slots)
	[5,Nokia, NSB]

	Alt. 4
	
	Single pattern: 3bits (Periodicity) + 7bits (UL Slot) + 2bits (UL Symbol)
	[10,CATT]

	Alt. 5
	
	Single pattern: 2bits (SCS) + 3bits (Period) + 7bits (DL slots)
	[13,Samsung]

	Alt. 6
	
	Index indication of TDD configuration mapping table (4096)
	[6,ZTE, Sanechips]



	Alternatives
	Overhead
	Indication of Slot/symbol-level timing 
	Supporting companies

	Alt. 7
	13 bits
	5bits (Periodicity) + 8bits (SL slots)
	[4,vivo] [17,LGE]

	Alt. 8
	11 bits
	Single pattern: 4bits (Periodicity) + 7bits (SL slots)
	[19,NTT DOCOMO]

	Alt. 9
	14 bits
	Joint indication of TDD periodicity and SL  slot length
	[7,Spreadtrum]



Proposal 1: Confirm the working assumption that TDD configuration is indicated by 12 bits in PSBCH payload.
Proposal 2: Symbol-level indication is supported in TDD configuration indication.
Proposal 3: 2-pattern is supported in TDD configuration indication in PSBCH.
Proposal 4: The TDD configuration can be as follows
· X bits to indicate pattern and periodicity.
· Y bits to indicate UL symbol.
· (12-X-Y) bits to indicate sidelink slots.


The proposal of TDD UL/DL configuration information were as follows,
· Confirm the working assumption that TDD configuration is indicated by 12 bits. Among the 12 bits for indication of TDD configuration: [3,Huawei, HiSilicon]
· 5 bits indicate the number of patterns and periodicity information
· 7 bits indicate the number of UL slots based on SL SCS
Table x-1: Slot configuration period when one pattern is configured [3,Huawei, HiSilicon]
	Index

	Slot configuration period of pattern1
 (msec)

	0
	0.5

	1
	0.625

	2
	1

	3
	1.25

	4
	2

	5
	2.5

	6
	3

	7
	4

	8
	5

	9
	10

	10 – 15
	Reserved


Table x-2: Slot configuration period when two patterns are configured [3,Huawei, HiSilicon]
	Index

	Slot configuration period
 (msec)
	Slot configuration period of pattern1
 (msec)
	Slot configuration period of pattern1
 (msec)

	0
	1
	0.5
	0.5

	1
	1.25
	0.625
	0.625

	2
	2
	1
	1

	3
	2.5
	0.5
	2

	4
	2.5
	1.25
	1.25

	5
	2.5
	2
	0.5

	6
	4
	1
	3

	7
	4
	2
	2

	8
	4
	3
	1

	9
	5
	1
	4

	10
	5
	2
	3

	11
	5
	2.5
	2.5

	12
	5
	3
	2

	13
	5
	4
	1

	14
	10
	5
	5

	15
	20
	10
	10



· [bookmark: _Ref20054135]TDD configuration in PSBCH can be combined as follows, [4,vivo]
· 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.
· [bookmark: _Ref32086236]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; 
· [bookmark: _Ref23870036]1st -4th LSB of TDD-configSL indicates the number of ms for SL in the second pattern.
[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


· [bookmark: _Ref32497036]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. 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.
· [bookmark: _Ref32004387]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.
· The TDD configuration information in PSBCH can be indicated with following combination: [5,Nokia, NSB]
· On the 12 bits reserved of UL-DL slot configuration in PSBCH, use one bit, , to indicate whether one pattern (P) or two patterns are assumed (P+P2).
· On the 12 bits reserved of UL-DL slot configuration in PSBCH, use 3 bits, , to indicate the predefined pattern combination (together with bit  indicating whether P or P+P2 is assumed). 
· For one pattern or two patterns: 
· In case single pattern (P) is indicated, number of SL slots in the pattern can be indicated directly by remining 8 bits, .
· In case two patterns (P+P2) are indicated the number of SL slots for each pattern are indicated by 4 bits for each, P: and P2:.
Table. Possible UL-DL slot pattern configurations with P≥P2 [5,Nokia, NSB]
	Single pattern only
	Two patterns

	pattern1 [ms]
	-
	pattern1 [ms]
	panttern2 [ms]
	panttern2 [ms]

	0,5
	-
	0.5
	0.5
	-

	0,625
	-
	0.625
	0.625
	-

	1
	-
	1
	1
	-

	1,25
	-
	1.25
	1,25
	-

	2
	-
	2
	0,5
	2

	2,5
	-
	2.5
	2.5
	-

	
	-
	3
	1
	2

	4
	-
	4
	1
	-

	5
	-
	5
	5
	-

	10
	-
	10
	10
	-



· [bookmark: _Toc23812][bookmark: _Toc17642][bookmark: _Toc1597][bookmark: _Toc23062]In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table. [6,ZTE, Sanechips]
· Support joint TDD periodicity and SL slot length indication in PSBCH as illustrated in Table 1. [7,Spreadtrum]
Table 1. Joint TDD indication for 60kHz SCS [7, Spreadtrum]
	Periodicity
	No. SL slots
	Joint TDD indicator
	Value of joint 
TDD indicator
	Meaning

	10ms40slots
	1
	0000000
	0
	Within 40-slot TDD period, the last 1 slot could be used for SL operation.

	
	2
	0000001
	1
	Within 40-slot TDD period, the last 2 slots could be used for SL operation.

	
	3
	0000010
	2
	Within 40-slot TDD period, the last 3 slots could be used for SL operation.

	
	4
	0000011
	3
	Within 40-slot TDD period, the last 4 slots could be used for SL operation.

	
	…
	…
	…
	…

	
	39
	0100100
	38
	Within 40-slot TDD period, the last 39 slots could be used for SL operation.

	
	40
	0100101
	39
	Within 40-slot TDD period, all slots could be used for SL operation.

	5ms20slots
	1
	0100110
	40
	Within 20-slot TDD period, the last 1 slots could be used for SL operation.

	
	2
	0100111
	41
	Within 20-slot TDD period, the last 2 slots could be used for SL operation.

	
	3
	0101000
	42
	Within 20-slot TDD period, the last 3 slots could be used for SL operation.

	
	…
	…
	..
	…

	
	19
	0100011
	58
	Within 20-slot TDD period, the last 19 slots could be used for SL operation.

	
	20
	0100100
	59
	Within 20-slot TDD period, all slots could be used for SL operation.

	…
	…
	…
	..
	…

	0.5ms2slots
	1
	1010111
	87
	Within 2-slot TDD period, the last 1 slots could be used for SL operation.


· The TDD configuration which is based on cell-specific slot format configuration should be indicated in PSBCH for NR-V2X. [9,OPPO]
· For TDD configuration indication in PSBCH, referenceSubcarrierSpacing is assumed to be 15kHz for FR1 and 60kHz for FR2. The following fields are indicated by PSBCH: [9,OPPO]
· nrofUplinkSlots_SL 
· if only pattern 1 is configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 1;
· if both pattern 1 and pattern 2 are configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 2;
· dl-UL-TransmissionPeriodicity_SL
· if only pattern 1 is configured, dl-UL-TransmissionPeriodicity_SL is determined by dl-UL-TransmissionPeriodicity in pattern 1;
· if both pattern 1 and pattern 2 are configured, dl-UL-TransmissionPeriodicity_SL is combined periodicity of pattern 1 and pattern 2;
· the possible values are 
· FR1: {1,2,3,4,5,6,7,10,11,12,15,20}ms 
· FR2: {0.5, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 3, 3.25, 3.5, 3.75, 4, 4.5, 5, 5.5, 6, 6.25, 7, 7.5, 10, 10.5, 11, 11.25, 12, 12.5, 15, 20}ms
· NR Uu Cell-specific TDD-UL-DL-Pattern should be used as indication of TDD configuration in PSBCH with overhead reduction. Only inform the number of consecutive uplink slots/symbols and periodicity of NR Uu TDD UL-DL configuration information in order to reduce the overhead. Confirm the working assumption that indication of TDD configuration occupies 12 bits in PSBCH payload. [10,CATT]
· 12 bits = 3bits (Period) + 7bits (UL Slot) + 2bits (UL Symbol)
· The TDD configuration is indicated as follows, 4 bits to indicate the periodicity and 8 bits to indicate the number of consecutive UL slots. [12,Futurewei]
· One way is to support a single pattern (i.e., pattern 1) because pattern 2 is an optional feature. Then, TDD configuration field in PSBCH has 12 bits including subcarrier spacing (2 bits), periodicity (3 bits), the number of DL slots (7 bits) for a single pattern. [13,Samsung]
· The slot level indication of TDD configuration in PSBCH is as follows, [16,CMCC]
· Support slot-level indication of TDD configuration in PSBCH, two-slot-level indication can be further considered for long periodicity combinations to further reduce payload size.
· On top of slot/two-slot-level indication of UL slots in the TDD configuration, symbol-level indication can be considered when no full UL slot is configured to improve flexibility.
	Period 1, P1 (ms)
	Period 2, P2 (ms)
	Option 1:
Number of states to indicate = (+8) * (+8)
	Case 2:
Number of states to indicate = (+8) * ( +8)
	Case 3:
Number of states to indicate = ( +3) * ( +3)

	0.5
	0.5
	144
	100
	36

	0.625
	0.625
	169
	121
	49

	0.5
	2
	288
	160
	72

	1
	1
	256
	144
	64

	1
	3
	512
	240
	105

	1
	4
	640
	288
	160

	1.25
	1.25
	324
	169
	81

	2
	2
	576
	240
	121

	2
	3
	768
	320
	192

	3
	1
	512
	256
	105

	3
	2
	768
	320
	192

	2.5
	2.5
	784
	324
	196

	4
	1
	640
	288
	160

	5
	5
	2304
	784
	576

	10
	10
	7744
	2304
	1936

	2
	2
	576
	256
	144

	Total number of states
	16429
	6058
	3703

	Total number of bits required
	15
	13
	12



· 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. [17,LGE]
·  ‘Indication of TDD configuration’ field contains the number of SL slots within a period with 7 bits and the periodicity with 4 bits. [19,NTT DOCOMO]
· The 7 bits indicate one value from {1, 2, ..., 80} slots.
· The 4 bits indicate one value from {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms3, ms4, ms5, ms10}.

Slot index vs. S-SSB index
In RAN1#99 meeting [2], slot index with 7 bits are agreed as a working assumption in PSBCH for timing indication.
In [10,CATT], it is proposed to use S-SSB index to replace slot index in PSBCH for sidelink timing indication. Some drawbacks with slot index are: slot number of each S-SSB is not consecutive as S-SSB index, which will hinder the combining of multiple S-SSBs for PSBCH decoding; introduce more standardization efforts, as a lot of procedures are related to S-SSB index, such as PSBCH DM-RS sequence initialization and PSBCH scrambling; slot number cannot carry the information of beam index when beam sweeping was introduced in future release.

Proposal 5: S-SSB index should be included into PSBCH payload instead. The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X.
· For FR1, the 2 bits indicating S-SSB index are carried by DMRS sequence of PSBCH 
· For FR2, the 3 MSBs of 6 bits indicating S-SSB index are carried by PSBCH payload and the 3 LSBs of the S-SSB index by DMRS sequence of PSBCH. 

The proposals of timing information are as follows,
· Don’t confirm the working assumption that slot number is included into PSBCH payload. S-SSB index should be included into PSBCH payload instead. The indication mechanism of SSB index in NR Uu can be reused for the indication of S-SSB index in NR V2X. [10,CATT]
· For FR1, the 2 bits indicating S-SSB index are carried by DMRS sequence of PSBCH 
· For FR2, the 3 MSBs of 6 bits indicating S-SSB index are carried by PSBCH payload and the 3 LSBs of the S-SSB index by DMRS sequence of PSBCH. 

PSBCH design
DM RS sequence initialization for PSBCH
In the email discussion [98b-NR-17] after RAN1#98bis meeting and in RAN1#99 meeting, it was agreed about the DM RS design as follows. The remaining issue is how to generate PSBCH DM RS sequence.
	Agreements:
· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
· Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS
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. 


11 companies discussed this issue and proposed how to generate DM RS sequence initialization for PSBCH in [3,Huawei, HiSilicon] [4,vivo] [5,Nokia, NSB] [6,ZTE, Sanechip] [7,Spreadtrum] [10,CATT] [12,Futurewei] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson].
For NR Uu link, the initial value of DM-RS of PBCH is generated by SSB index as follows.
[image: ]
In NR V2X, there is no  defined for the sidelink, some replacement should be done to solve this problem. The proposals can be found in the following table.
	Alternatives
	DM RS sequence initialization
	Supporting companies

	Alt. 1
	
	[3,Huawei, HiSilicon] [5,Nokia, NSB] [7,Spreadtrum] [12,Futurewei] [21,Ericsson]

	Alt. 2
	 
	[4,vivo] [10,CATT] [17,LGE]

	Alt. 3
	

	[6,ZTE, Sanechips] [13,Samsung] [15,Intel]



Proposal 6: SL SSID is used for DM RS sequence initialization in PSBCH.
Proposal 7: The DM-RS sequence initialization for PSBCH can be down-selected from the following Alts:
· Alt 1: 
· Alt 2: 
· Alt 3: 


The proposals of DM RS sequence initialization for PSBCH are as follows,
· The DM-RS sequence initialization for PSBCH by the following way:  [3,Huawei, HiSilicon]

	
· 




For  ,   where  is the number of the half-frame in which the PSBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the sidelink SS/PBCH block index.
· 

[bookmark: _Ref19981659]For ,  where  is the three least significant bits of the sidelink SS/PBCH block index.
[bookmark: _Toc29230469]------------------------------   Start of Text Proposal for TS 38.211----------------------------------------
< Unchanged parts are omitted >
8.4.1.4.	Demodulation reference signals for PSBCH
[bookmark: _Toc29230470]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 







-	for  ,  where  is the number of the half-frame in which the PSBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the sidelink S-SS/PSBCH block index.

-	for ,  where  is the three least significant bits of the sidelink S-SS/PSBCH block index.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal -----------------------------------------------

· PSBCH DMRS sequence is generated based on SLID and up to 3 bits of S-SSB index.  [4,vivo]

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].
------------------------------------------------------ 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------------------------------------------------------

·  (Logical) S-SSB index cannot be used in PSBCH DM-RS initialization. Account the priority level of the selected synchronization source in PSBCH DM-RS initialization.  [5,Nokia, NSB]

where  is priority index corresponding to the S-SS/PBCH block transmission and  is the physical layer sidelink identity.
------------------------------------------------------ Start of Draft TP of 211-------------------------------------------------
<Unchanged parts omitted>
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 priority index corresponding to the S-SS/PBCH block transmission and  is the physical layer sidelink identity.
---------------------------------------------------------- End of Draft TP------------------------------------------------------

· 
[bookmark: _Toc19931][bookmark: _Toc7710][bookmark: _Toc23068][bookmark: _Toc13788]For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with . [6,ZTE, Sanechips]
· SL-SSID should be used for PSBCH DMRS sequence initialization. Similar as NR Uu PBCH DMRS, PSBCH DMRS sequences should carry additional information. [7,Spreadtrum]
· FFS which kind of information should be carried by PSBCH DMRS sequences
Table 2. Slot index based DMRS sequence for 60kHz
	N1

	N5

	S-SSB index
	Frame number
	Slot index in one frame
	Slot index (7 bits)

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

	0
	4 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#4
	0000
	100

	
	
	S-SSB#2
	0
	#8
	0001
	000

	
	
	S-SSB#3
	0
	#12
	0001
	100

	0
	16 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#16
	0010
	000

	
	
	S-SSB#2
	0
	#32
	0100
	000

	
	
	S-SSB#3
	1
	#8
	0001
	000

	0
	5 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#5
	0000
	101

	
	
	S-SSB#2
	0
	#10
	0001
	010

	
	
	S-SSB#3
	0
	#15
	0001
	111


------------------------------------------ Start of Text Proposal ----------------------------------------------
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 
-------------------------------------------- End of Text Proposal ---------------------------------------------

· The PSBCH DM-RS sequence initialization should use the following formula,  [10,CATT]

Where for FR1,  is the S-SSB index; for FR2,  is the three least significant bits of the S-SSB index.
-------------------------------------------------Start of Text Proposal for 38.211----------------------------------------------
8.4.1.4 Demodulation reference signals for PSBCH
8.4.1.4.1 Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

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

where
-	for FR1,  is the S-SSB index.
-	for FR2,  is the three least significant bits of the S-SSB index.
--------------------------------------------------------End of Text Proposal ----------------------------------------------------

· The PBCH DMRS sequence is initialized by the same seed as for the PBCH with . [12,Futurewei]
· A TP correction is proposed in section 8.4.1.4.1 of TS 38.211 on sequence generation that  by keeping the same ref. signal generation equation.  [13,Samsung]
====================== Start of TP for Section 8.4.1.4.1 of 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 
.
====================== End of TP for Section 8.4.1.4.1 of TS 38.211 =======================

· DMRS sequence generation and mapping for PSBCH transmission is based on PBCH design with the exception that the scrambling sequence generator is initialized at the start of each slot carrying S-SS/PSBCH block and initialized with SLSS-ID. [15,Intel]
· DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS.  [17,LGE]
,
where  is S-SSB index mod 8.
------------------------------------------------------ Start of Draft TP of 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].
---------------------------------------------------------- End of Draft TP------------------------------------------------------

· Reuse the sequence generation procedure of PBCH DMRS for PSBCH DMRS, with   replaced by SLSSID and   and  set to 0.  [21,Ericsson]

Scrambling of PSBCH
6 companies discussed about how to scrambling PSBCH in NR V2X sidelink in [3,Huawei, HiSilicon] [4,vivo] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE].
1 companies proposed to reuse LTE design of that no scrambling of PSBCH information bits, and the encoded bits of sidelink MIB are scrambled as that the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with  in [3,Huawei, HiSilicon] 
5 companies proposed to reuse NR PSBCH design that two level of scrambling for PSBCH, and scrambling sequence is initialized with  at the start of each PSBCH block in [4,vivo] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE].

	Alternatives
	Scrambling of PSBCH
	Supporting companies

	Alt. 1
	Reuse LTE design: single level scrambling for PSBCH
	[3,Huawei, HiSilicon]

	Alt. 2
	Reuse NR Uu design: two level scrambling for PSBCH
	[4,vivo] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE]



Proposal 8: Scrambling for PSBCH is processed before CRC attachment and after rate matching, separately.
Proposal 9: NR PSBCH scrambling sequence is initialized with  at the start of each PSBCH block.


The proposals of PSBCH scrambling are as follows,
· For PSBCH scrambling, the LTE design is reused, i.e.:  [3,Huawei, HiSilicon]
· No scrambling of PSBCH information bits
· [bookmark: _Ref32011309]The scrambling for the encoded bits of SL-MIB, shall be initialized at the start of every PSBCH slot with   
------------------------------------------------   Start of Text Proposal for TS 38.211--------------------------------------
< Unchanged parts are omitted >
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 generator shall be initialized at the start of every PSBCH slot with   .
< Unchanged parts are omitted >
--------------------------------------------------------- End of Text Proposal --------------------------------------------------

· [bookmark: _Ref23870044]Similar to LTE V2X, the whole bits of PSBCH content are generated by the high layer. NR PSBCH scrambling sequence is initialized at every S-SSB with , and the S-SSB index bit(s) is used for scrambling sequence generation.  [4,vivo]
------------------------------------------------------ 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 -------------------------------------------------------
· 
[bookmark: _Toc28518]For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with .  [6, ZTE, Sanechip]
· The principle is same as the one for the second level scrambling of PBCH in NR Uu. In NR Uu, the decoding of MIB may require soft combining of QCLed SSBs, such that two levels of scrambling are supported, wherein the first level scrambling is before the CRC attachment, and the second level scrambling is after rate matching. [13,Samsung]
======================= Start of TP for Section 8.3.3.1 of TS 38.211 =======================
[bookmark: _Toc11324553][bookmark: _Toc29230450]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   is given by clause 5.2. The scrambling sequence shall be initialized with    at the start of each S-SS/PBCH block.
======================= End of TP for Section 8.3.3.1 of TS 38.211 ========================

· PSBCH scrambling sequence generator is initialized at the start of every PSBCH slot with SLSS ID (cinit = SLSS ID). ()  [15,Intel]
· NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling. [17,LGE]
· 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.
======================= Start of TP for Section 8.3.3.1 of TS 38.211 =======================
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.
======================= End of TP for Section 8.3.3.1 of TS 38.211 ========================

Transmission power of S-SSB
Power control of S-SSB transmission
6 companies discussed and proposed to support open-loop power control based on the DL pathloss, since in LTE V2X and NR SL PSFCH in NR, OLPC can also be used in S-SSB. The proposals can be found in [3,Huawei, HiSilicon] [6,ZTE, Sanechip] [13,Samsung] [15,Intel] [17,LGE] [21,Ericsson].

Proposal 10: Downlink pathloss based S-SSB open-loop power control is supported.

Power difference for S-PSS, S-SSS, PSBCH DM-RS, and PSBCH
5 companies discussed about power difference among S-PSS, S-SSS, PSBCH DM RS and PSBCH in [4,vivo] [6,ZTE, Sanechips] [14,ITRI] [12,Futurewei] [13,Samsung]. 3 companies proposed to support that S-PSS EPRE is 3dB higher than that of S-SSS, PSBCH and PSBCH DM RS, while 2 companies proposed that S-SSB, S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data have same EPRE.
	Alternatives
	Power difference for S-PSS, S-SSS, PSBCH DM-RS, and PSBCH
	Supporting companies

	Alt. 1
	The Tx power of S-PSS is higher than that of S-SSS, PSBCH DM-RS and PSBCH.
	[4,vivo] [6,ZTE, Sanechips] [14,ITRI] [17,LGE]

	Alt. 2
	In an S-SSB, S-PSS, S-SSS, PSBCH DM-RS, and PSBCH have same Tx power.
	[12,Futurewei] [13,Samsung] [15,Intel]



Proposal 11: The transmission power of S-PSS is higher than that of S-SSS, PSBCH DM RS and PSBCH.


The proposals of S-SSB transmission OLPC and power difference are as follows,
· For the S-SSB power control, the PSFCH power control rules can be reused, i.e. Open-loop power control is based on the pathloss between TX UE and gNB (if S-SSB TX UE is in-coverage). Sidelink pathloss based S-SSB power control is not supported. [3,Huawei, HiSilicon]
------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc29894880][bookmark: _Toc29899179][bookmark: _Toc29899597]16.2.4	S-SS/PBCH
A UE determines a power PS-SSB(i) for a S-SS/PSBCH transmission in slot  as
 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]  
-	 is a value of p0-DL-S-SSB if provided; else,  
-	 is a value of alpha-DL-S-SSB, if provided; else,  
-	 as described in Clause 7.1.1 
16.2.45	Prioritization of transmissions/receptions
16.2.45.1	Simultaneous NR and E-UTRA transmission/reception
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal -----------------------------------------------

· [bookmark: _Ref32004257][bookmark: _Ref32004259]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. UE assumes that EPRE of S-SSS, PSBCH and PSBCH DMRS are the same. [4,vivo]
------------------------------------------------------ Start of Draft TP of 38.213 -------------------------------------------------
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 -------------------------------------------------------

· [bookmark: _Toc368][bookmark: _Toc15235][bookmark: _Toc29649][bookmark: _Toc31835]The UE may assume that the transmission power of S-SSS is aligned to that of PSBCH. In NR V2X the UE transmit power of primary sidelink synchronization signal  and the UE transmit power of secondary synchronization signal  are given by  [6,ZTE, Sanechips]

 [dBm] ,

 [dBm] ,
· There is no power difference for P-SSS and S-SSS transmission. [12,Futurewei]
· RAN1 shall make the following conclusion to clarify: In a S-SSB, S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data have same EPRE. No specification modification is needed.  [13,Samsung]
======================== Start of TP for Section 16.2 of TS 38.213 ========================
16.2	Power control
A UE transmits S-SS/PSBCH blocks, or a PSSCH, or a PSCCH, or a PSFCH with a same non-zero power in all corresponding symbols. 
16.2.1 S-SS/PSBCH blocks
A UE determines a power  for transmission of S-SS/PSBCH blocks in S-SS/PSBCH transmission occasion  as
 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]  
-	 is a value of p0-DL-S-SSB if provided; else,  
-	 is a value of alpha-DL-S-SSB, if provided; else, 
-	 as described in Subclause 7.1.1 
16.2.12	PSSCH
============================= Unchanged Texts Omitted =============================
16.2.23	PSCCH
============================= Unchanged Texts Omitted =============================
16.2.34	PSFCH
============================= Unchanged Texts Omitted =============================
16.2.45	Prioritization of transmissions/receptions
============================= Unchanged Texts Omitted =============================

======================== End of TP for Section 16.2 of TS 38.213 ========================

· Different power should be per-configured for S-PSS and S-SSS symbols when the PAPR values of S-PSS symbol and S-SSS symbol are different, and the details are FFS.  [14,ITRI]
· Sidelink OLPC based on Uu pathloss with dedicated OLPC parameters (αS-SSB and PS-SSB) is supported for S-SSB transmission. The same transmit power is applied for all S-SSB components: S-PSS, S-SSS and PSBCH. [15,Intel]
· Downlink pathloss based S-SSB OLPC is supported. The difference in REs used for SLSS and PSBCH is taken into account for the amplitude scaling factor of S-PSS and S-SSS.  [17,LGE]
------------------------------------------------------ Start of Draft TP of 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
---------------------------------------------------------- End of Draft TP -------------------------------------------------------

· Reuse the open-loop power control transmission scheme for synchronization signals from LTE SL (i.e. not considering SL path loss estimation for unicast). The values of alpha and P0 for S-SSB are configured separately from the rest of physical channel transmission in NR SL, i.e. PSCCH, PSSCH and PSFCH.  [21,Ericsson]
· Follow the same mechanism as in LTE-V2X for the maximum output power for S-SSB. For a UE under cell coverage the network configures the maximum output power. In case of being in an out-of-coverage scenario, i.e. no associated cell, the UE uses a preconfigured value as maximum power. [21,Ericsson]

S-PSS/S-SSS frequency position in S-SSB
In the current TP of 38.211, the frequency position of S-PSS and S-SSS in S-SSB has not determined.
4 companies discussed about the S-SS frequency position in S-SSB and proposed how to correct TS 38.211 in [4,vivo] [7, Spreadtrum] [13,Samsung] [17,LGE].

Proposal 13: To agree the following TP on S-PSS/S-SSS frequency position in S-SSB.
------------------------------------------------------ Start of Draft TP of 38. 211----------------------------------------------
<Unchanged parts omitted>
Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS. 
	Channel or signal
	OFDM symbol number 
relative to the start of an S-SS/PSBCH block
	Subcarrier number 
relative to the start of an S-SS/PSBCH block

	S-PSS
	1, 2
	2-128

	S-SSS
	3, 4
	2-128

	PSBCH
	0, 5,6, …,
	0,1,…,131

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


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


The proposals of S-PSS/S-SSS’s frequency position in S-SSB are as follows,
· [bookmark: _Ref32004271]The spacing between the start of S-PSS/S-SSS and the start of the S-SSB is two subcarriers.  [4,vivo]
------------------------------------------------------ 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 -------------------------------------------------------

· [7,Spreadtrum]
-------------------------------------------------- Start of Text Proposal ---------------------------------------------------
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

	Set to 0
	1,2,3,4
	0,1, 129,130,131

	PSBCH
	0, 5,6, …,
	0,1,…,131

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


-------------------------------------------------- End of Text Proposal ----------------------------------------------------

· [13,Smasung]
======================== Start of TP for Section 8.4.3.1 of 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, …, 127, 128

	S-SSS
	3, 4
	2, 3, …, 127, 128

	Set to 0
	1, 2, 3, 4
	0, 1, 129, 130, 131

	PSBCH
	0, 5,6, …,
	0,1,…,131

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


========================= End of TP for Section 8.4.3.1 of TS 38.211 ======================
· Text proposal for TS 38.211, [17,LGE]
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




QCL for S-SSB transmission
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. 
8 companies discussed about the QCL for S-SSB with necessity in [12,Futurewei] [15,Intel] [17,LGE] [21,Ericsson] [3,Huawei, HiSilicon] [4,vivo] [6,ZTE, Sanechip] [13,Samsung], and 4 of them discussed about details on how to define QCLed in S-SSB.
4 companies proposed that QCL mechanism for S-SSB transmission in NR SL is not supported in [6,ZTE, Sanechip] [12,Futurewei] [15,Intel] [17,LGE] [21,Ericsson].
4 companies support to (pre-)configure parameter for determining the QCL assumption of S-SSB in [3,Huawei, HiSilicon] [4,vivo] [13,Samsung].
	Alternatives
	QCL for S-SSB transmission
	Supporting companies

	Alt. 1
	Do not support QCL mechanism for S-SSB transmissions in NR SL.
	[6,ZTE, Sanechip] [12,Futurewei] [15,Intel] [17,LGE] [21,Ericsson]

	Alt. 2
	Support a (pre-)configured parameter for determining the QCL assumption of S-SSB.
	[3,Huawei, HiSilicon] [4,vivo] [13,Samsung]



Proposal 12: Do not support QCL mechanism for S-SSB transmissions in NR SL.

The proposals of whether/how to define QCL for S-SSB transmission are as follows,
· [bookmark: _Toc20691][bookmark: _Toc30691][bookmark: _Toc12784]For the (pre-)configured actually transmitted S-SSB, a number of R neighboring S-SSBs are QCLed. [3,Huawei, HiSilicon]
------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
< Unchanged parts are omitted >
16.1	Synchronization procedures
< Unchanged parts are omitted >
A UE is provided, by numSSBQCLwithinPeriod-SL, 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 assumes that numSSBQCLwithinPeriod-SL neighboring S-SS/PSBCH blocks are QCL within numSSBwithinPeriod-SL..  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 
If a UE would transmit or receive an S-SS/PSBCH block or, for E-UTRA radio access, sidelink synchronization signals, and the transmission or reception would overlap in time with other transmissions and/or receptions on the sidelink, the UE transmits or receives the signal/channel with the higher priority.
< Unchanged parts are omitted >
------------------------------------------ End of Text Proposal -----------------------------------------------

· 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. [4,vivo]
------------------------------------------------------ Start of Draft TP of 38.213-------------------------------------------------
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 -------------------------------------------------------

· [bookmark: _Toc26071][bookmark: _Toc6839][bookmark: _Toc19440]A receiving UE cannot identify which UE is the transmitter of the S-SSB detected because multiple UEs in different locations may transmit S-SSB in the same S-SSB transmission resource. The receiving UE shall not assume other sidelink signals/channels and S-SSB to be quasi co-located. [6,ZTE, Sanechips]
· There is no need to define QCL for SSBs during one S-SSB period. [12,Futurewei]
· A baseline QCL assumption should be analog to NR Uu, i.e., the S-SSBs with the same S-SSB index are assumed to be QCLed across S-SSB periods. This is a direct interpretation of periodical transmission of S-SSB from the UE perspective, and the corresponding specification support is missing. [13,Samsung]
· Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as ), such that at least one of the following alternatives is supported, where  is the S-SSB index: [13,Samsung]
· Alt 1: S-SSBs with same  are assumed to be QCLed;
· Alt 2: S-SSBs with same  are assumed to be QCLed.
======================== Start of TP for Section 16.1 of TS 38.213 =======================
16.1	Synchronization procedures
< Unchanged parts are 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 S-SS/PBCH block index 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.
If a UE would transmit or receive an S-SS/PSBCH block or, for E-UTRA radio access, sidelink synchronization signals, and the transmission or reception would overlap in time with other transmissions and/or receptions on the sidelink, the UE transmits or receives the signal/channel with the higher priority.
======================== End of TP for Section 16.1 of TS 38.213 ========================

· Do not define QCL signalling for S-SSB transmissions.  [15,Intel]
· QCL configuration over S-SSB is not supported in Rel.16. [17,LGE]
· Due to the broadcast nature, i.e. no intended Rx, of S-SSB, it is not clear how to map one S-SSB to another S-SSB for QCL operation even within the same transmission period. Do not support QCL mechanism for S-SSB transmissions in NR SL. [21,Ericsson]

Lower SLSS ID with higher priority for P6/P6’ UE
The proposals of lower SLSS ID with higher priority for P6/P6’ UE are as follows:
· [20, Qualcomm, FirstNet, UK Home office, Kyocera, Continental Automotive GmbH, LGE, AT&T, OPPO, Panasonic, Ford Motor Company, GM ATCI, Volkswagen, Toyota ITC, Bosch, NTT DOCOMO, Fraunhofer HHI, Fraunhofer IIS]
· If (pre)-configured in a carrier, the mechanism given below replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case.
· For the prioritization among references of the same priority for P6/P6’ UE, UEs select the lowest SLSS ID SynchRefUE among the SyncRefUEs with RSRP>threshold. 
· Future work on sidelink enhancements should aim to avoid formation of clusters. 
· 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]).  [17,LGE]
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case

Synchronization to multiple sources
The proposal of synchronization to multiple sources is as follows,
· SL UEs are capable to maintain synchronization to at least two different synchronization sources. [5,Nokia, NSB]

Limitation on the S-SSB interval
The proposal on how to define the S-SSB interval is as follows,
· All the (pre-)configured actually transmitted S-SSBs should be within the same radio frame at least for dedicated carrier, i.e. The value of the interval between neighboring S-SSBs is no more than (M*10*2μ/x) slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively, x is the number of actually transmitted S-SSB, where M can be (pre-)configured. [3, Huawei, HiSilicon]

Resource sets for S-SSB transmission
The proposals of resource sets for S-SSB transmission are as follows,
· Consider supporting only two time-resources for S-SSB transmission and reception. [5,Nokia, NSB]
· The number of synchronization resource set is same as LTE-V2X. How to use the sync resource set follows the same mechanism as LTE-V2X. [9,OPPO]

PSBCH rate matching for extended CP
Two companies [4,vivo] [7,Spreadtrum] proposed to have the correction on the TS 38.212. In current TS 38.212, the rate matching length for PSBCH in an S-SSB slot with extended CP is 1188 which should be corrected to 1386. The calculation can be found as follows.
· Normal CP: 9 symbols * 11RBs * 12RBs * 3/4 * 2 (QPSK) = 1782
· Extended CP: 7 symbols * 11RBs * 12RBs * 3/4 * 2 (QPSK) = 1386

Proposal 14: For ECP, the output sequence length after PSBCH rate matching should be changed from E=1188 to E=1386.

The proposals of PSBCH rate matching for ECP are as follows,
· [bookmark: _Ref32004273]The number of coded bits is 1386 for S-SSB rate matching in the ECP case. [4,vivo]
------------------------------------------------------ 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 -------------------------------------------------------

· For ECP, the output sequence length after PSBCH rate matching should be changed from E=1188 to E=1386.  [7,Spreadtrum]
------------------------------------------ Start of Text Proposal ----------------------------------------------
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 = 11881386 when higher layer paramter cyclicPrefix-SL is configured, otherwise, E = 1782.
-------------------------------------------- End of Text Proposal ---------------------------------------------

Open issues
Timing determination of S-SSB
The proposals of timing determination of S-SSB are as follows,
· The procedure of UE determining the indexes of slots that include S-SS/PSBCH block in TS 38.213 subclause 16.1 should include the determination of both the SFN that includes S-SS/PSBCH block(s) and the slot index in this SFN that includes S-SS/PSBCH block. [11,Fujitsu]
· A UE should be able to determine the frame timing, slot timing, and symbol timing from a received S-SSB, and the UE should determine the S-SSB index from a received S-SSB. [13,Samsung]
======================== Start of TP for Section 16.1 of TS 38.213 ========================
[bookmark: _Toc29894876][bookmark: _Toc29899175][bookmark: _Toc29899593][bookmark: _Toc29917329]16.1	Synchronization procedures
Upon reception of a S-SS/PSBCH block, a UE determines the S-SS/PSBCH block index of the received S-SS/PSBCH block according to 
,
where  and  are an index of a frame and an index of a slot within the frame including received S-SS/PBCH block, provided by the payload of PSBCH of the received S-SS/PBCH block, and  is as defined in [4, TS 38.211]. 
======================== End of TP for Section 16.1 of TS 38.213 ========================


Multiplexing between S-SSB and data
The proposals of S-SSB and data multiplexing is as follows,
· S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. [3,Huawei, HiSilicon]
------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
[bookmark: _Toc29894875][bookmark: _Toc29899174][bookmark: _Toc29899592][bookmark: _Toc29917328]---------------------------------- < Unchanged parts are omitted > -----------------------------------------
16  UE procedures for sidelink
A UE is provided by locationAndBandwidth-SL a BWP for SL transmissions (SL BWP) with numerology and resource grid determined as described in [4, TS38.211]. For a resource pool within the SL BWP, the UE is provided by numSubchannel a number of sub-channels where each sub-channel includes a number of contiguous RBs provided by subchannelsize. The first RB of the first sub-channel in the SL BWP is indicated by startRB-Subchannel. Available slots which do not include the slot with S-SS/PSBCH blocks nor the symbols with downlink or flexible transmission for a resource pool are provided by timeresourcepool and occur with a periodicity provided by 'periodResourcePool'. For an available slot without S-SS/PBCH blocks, SL transmissions can start from a first symbol indicated by startSLsymbols and be within a number of consecutive symbols indicated by lengthSLsymbols. For an available slot with S-SS/PSBCH blocks, the first symbol and the number of consecutive symbols is predetermined. 
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

SL timing derived from GNSS
The proposals of SL timing derived from GNSS are as follows,
· For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported. If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as: [3,Huawei, HiSilicon]
SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ)
Where the value μ depends on  the SCS of the sidelink. 
· It is proposed to derive SL timing from GNSS in  [8,MediaTek]
· [bookmark: _Ref32672790]When GNSS is selected as SyncRef, the slot timing for NR SL operation can be derived from GNSS as such: slotNumber = Floor (0.001*(Tcurrent-Tref-OffsetDFN)*2u) mod 2u , wherein u=0,1,2,3 corresponding to the usage or (pre-)configuration of 15, 30, 60, 120khz SCS for SL-SSB respectively.
· [bookmark: _Ref32672794]When GNSS is selected as SyncRef, OffsetDFN indicates the timing offset for the UE to determine DFN timing for alignment with eNB/gNB timing.
· [bookmark: _Ref32672796]OffsetDFN is provided per frequency layer.
· For DFN derivation from GNSS in NR SL, [18,Sharp]
· The formulae for DFN and SubframeNumber are reused from LTE V2X.
· Slot number is derived as follows,
· SlotNumber = Floor ( * (Tcurrent – Tref – offsetDFN)) mod 
· Send an LS to request RAN2 to capture the above in TS 38.331.

SL timing derived from eNB/gNB timing
The proposals of SL timing derived from eNB/gNB are as follows,
· It is proposed that SL timing can be derived from eNB/gNB timing in [5,Nokia, NSB]
· Consider re-using the LTE method to inform the SL UE, which carriers contain gNBs or eNBs that can be used as synchronization reference for SL transmission.
· For eNB/gNB based synchronization, information whether the eNb or gNB is synchronized to GNSS is informed to the V2X UE.
· Propagation delay can add inaccuracy to the eNB/gNB based synchronization signal. UE can compensate/reduce the inaccuracy if it knows the location of the eNB/gNB and calculates the distance to the eNB/gNb.
· Information, which eNBs/gNBs are synchronized to the same synchronization source and can provide equivalent synchronization information, is (pre)configured to the V2X UEs.
· [bookmark: _Ref15833526][bookmark: _Ref15833608]The complexity is very high for sidelink UE to communicate with asynchronous UEs based on multi-cluster synchronization mechanism in NR V2X. Do not introduce multiple-cluster synchronization in NR V2X. [8,MediaTek]
· [bookmark: _Ref32672804][bookmark: _Ref15833612][bookmark: _Ref15833618][bookmark: _Ref15833621]For Scenario 1 (i.e., UEs are synced to GNSS and/or intra/inter-frequency BSs wherein BSs are synced within the same frequency layer and across the frequency layers), the existing signaling OffsetDFN can be used to align GNSS towards BS timing for the common SL timing on V2X frequency layer. For Scenario 2 and 3 (i.e., UEs are synced to GNSS and/or intra/inter-frequency BSs wherein BSs are asynced either within the same frequency layer or asynced across the frequency layers), the new signaling, OffsetCommonGNSS (including DFN offset, slot offset and/or symbol offset), is provided by BSs for the corresponding V2X frequency layer to derive the common SL timing from the current serving cell timing based on a common reference GNSS timing. [8,MediaTek]

Timing offset between eNB and gNB synchronization source
The proposals of timing offset between eNB and gNB sync. source are as follows,
· [bookmark: _Ref20669724][bookmark: _Ref24202084][bookmark: _Ref19958513]If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE. [3, Huawei, HiSilicon]
· [bookmark: _Ref20670058][bookmark: _Ref24202106][bookmark: _Ref19958516]The rule of selecting the synchronous reference source is ambiguous for UEs with EN/NE-DC operations. UEs in the EN/NE-DC operation shall always select gNB (or always select eNB) as synchronization reference source by (pre-)configuration when both PCell and PSCell’s RSRP values are higher than a threshold (pre-)configured by network.  [8,MediaTek]
· Proposal 4: In order to overcome timing misalignment issue between eNB and gNB, some coordination mechanisms between eNB and gNB are needed to coordinate the reference timings between eNB and gNB if the eNB and gNB have different reference timings but have a same synchronization source priority. [14,ITRI]

eNB type synchronization as UE capability
The proposal is as follows,
· eNB as a synchronization source for NR V2X UEs should be an optional UE capability. [3, Huawei, HiSilicon]

LTE UE as a synchronization source for NR SL
The proposal of LTE UE as a synchronization source for NR SL is as follows,
· LTE V2X UE can be a synchronization source for NR V2X transmission when the LTE SLSS ID indicates that the synchronization source of the LTE UE is GNSS. FFS for the case when LTE SLSS ID indicate that the synchronization source is eNB. [5,Nokia, NSB]

(Re-)selection of SyncRef in EN-DC/NE-DC network
The proposal of syncRef reselection is as follows,
· The rule of selecting the synchronous reference source is ambiguous for UEs with EN/NE-DC operations. UEs in the EN/NE-DC operation shall always select gNB (or always select eNB) as synchronization reference source by (pre-)configuration when both PCell and PSCell’s RSRP values are higher than a threshold (pre-)configured by network. [8,MediaTek]
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