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[bookmark: _Toc19796375]
4	Frame structure and physical resources
[bookmark: _Toc19796376]4.1	General






Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed in time units  where  Hz and . The constant  where ,  and .
[bookmark: _Toc19796377]4.2	Numerologies
Multiple OFDM numerologies are supported as given by Table 4.2-1 where  and the cyclic prefix for a downlink or uplink bandwidth part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix, respectively. 
Table 4.2-1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal



[bookmark: _Toc19796378]4.3	Frame structure
[bookmark: _Toc19796379]4.3.1	Frames and subframes


Downlink, and uplink, and sidelink transmissions are organized into frames with  duration, each consisting of ten subframes of  duration. The number of consecutive OFDM symbols per subframe is . Each frame is divided into two equally-sized half-frames of five subframes each with half-frame 0 consisting of subframes 0 – 4 and half-frame 1 consisting of subframes 5 – 9.
There is one set of frames in the uplink and one set of frames in the downlink on a carrier. 



Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where  is given by [5, TS 38.213].



Figure 4.3.1-1: Uplink-downlink timing relation.
[bookmark: _Toc19796380]4.3.2	Slots




For subcarrier spacing configuration , slots are numbered  in increasing order within a subframe and  in increasing order within a frame. There are  consecutive OFDM symbols in a slot where  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot  in a subframe is aligned in time with the start of OFDM symbol  in the same subframe.
OFDM symbols in a slot in a downlink or uplink frame can be classified as 'downlink', 'flexible', or 'uplink'. Signaling of slot formats is described in subclause 11.1 of [5, TS 38.213]. 	Comment by Stefan Parkvall: The statement only holds for DL frames and UL frames, no decision for SL (yet). 

In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols.
In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols.
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by paremeter parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 	Comment by Stefan Parkvall: Not discussed for sidelink yet – may need to clarify this is for UL and DL only, unless agreements are made on SL as well.
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal cyclic prefix.
	
	
	
	

	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16



Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for extended cyclic prefix.
	
	
	
	

	2
	12
	40
	4



Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792



[bookmark: _Toc19796381]4.4	Physical resources
[bookmark: _Toc19796382]4.4.1	Antenna ports
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in clause 5.1.2.3 of [6, TS 38.214]. 	Comment by Stefan Parkvall: Currently only UL/DL covered, likely similar statemetns for SL are needed (maybe better to locate the SL apsects in the SL ection).

For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within resources for which the UE may assume the same precoding being used as described in clause 7.3.2.2.
For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within a SS/PBCH block transmitted within the same slot, and with the same block index according to clause 7.4.3.1.
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. 
[bookmark: _Toc19796383]4.4.2	Resource grid


[bookmark: _Hlk505670522]For each numerology and carrier, a resource grid of  subcarriers and  OFDM symbols is defined, starting at common resource block  indicated by higher-layer signalling. There is one set of resource grids per transmission direction (uplink, or downlink, or sidelink) with the subscript set to DL, and UL, and SL for downlink, and uplink, and sidelink, respectively. When there is no risk for confusion, the subscript  may be dropped. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink, or uplink, or sidelink). 
For uplink and downlink, tThe carrier bandwidth  for subcarrier spacing configuration  is given by the higher-layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position  for subcarrier spacing configuration  is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE.
The frequency location of a subcarrier refers to the center frequency of that subcarrier.
For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. Values in the range 0 – 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC subcarrier is located outside the resource grid.
For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP IE indicates the location of the transmitter DC subcarrier in the uplink for each of the configured bandwidth parts, including whether the DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Values in the range 0 – 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined.
[bookmark: _Toc19796384]4.4.3	Resource elements


[bookmark: _Hlk497488796][bookmark: _Hlk497730844]Each element in the resource grid for antenna port  and subcarrier spacing configuration  is called a resource element and is uniquely identified by  where  is the index in the frequency domain and  refers to the symbol position in the time domain relative to some reference point. Resource element  corresponds to a physical resource and the complex value . When there is no risk for confusion, or no particular antenna port or subcarrier spacing is specified, the indices  and  may be dropped, resulting in  or .
[bookmark: _Toc19796385]4.4.4	Resource blocks
[bookmark: _Toc19796386]4.4.4.1	General
A resource block is defined as  consecutive subcarriers in the frequency domain. 
[bookmark: _Toc19796387]4.4.4.2	Point A
Point A serves as a common reference point for resource block grids and is obtained from:
-	offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and the lowest subcarrier of the lowest resource block, which has the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and overlaps with the SS/PBCH block used by the UE for initial cell selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2; 
-	absoluteFrequencyPointA for all other cases where absoluteFrequencyPointA represents the frequency-location of point A expressed as in ARFCN.
[bookmark: _Toc19796388]4.4.4.3	Common resource blocks
Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing configuration . The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration  coincides with 'point A'. 

The relation between the common resource block number  in the frequency domain and resource elements  for subcarrier spacing configuration  is given by

	

where  is defined relative to point A such that  corresponds to the subcarrier centered around point A.
[bookmark: _Toc19796389]4.4.4.4	Physical resource blocks
Physical resource blocks for subcarrier configuration  are defined within a bandwidth part and numbered from 0 to  where  is the number of the bandwidth part. The relation between the physical resource block  in bandwidth part  and the common resource block  is given by

where  is the common resource block where bandwidth part starts relative to common resource block 0. When there is no risk for confusion the index  may be dropped.
[bookmark: _Toc19796390]4.4.4.5	Virtual resource blocks
Virtual resource blocks are defined within a bandwidth part and numbered from 0 to  where  is the number of the bandwidth part. 
[bookmark: _Toc19796391]4.4.5	Bandwidth part


A bandwidth part is a subset of contiguous common resource blocks defined in subclause 4.4.4.3 for a given numerology  in bandwidth part  on a given carrier. The starting position  and the number of resource blocks  in a bandwidth part shall fulfil  and , respectively. Configuration of a bandwidth part is described in clause 12 of [5, TS 38.213].
A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active bandwidth part.
[bookmark: _Hlk500923308]A UE can be configured with up to four bandwidth parts in the uplink with a single uplink bandwidth part being active at a given time. If a UE is configured with a supplementary uplink, the UE can in addition be configured with up to four bandwidth parts in the supplementary uplink with a single supplementary uplink bandwidth part being active at a given time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part. For an active cell, the UE shall not transmit SRS outside an active bandwidth part.
Unless otherwise noted, the description in this specification applies to each of the bandwidth parts. When there is no risk of confusion, the index  may be dropped from , , , and .
[bookmark: _Toc19796392]4.5	Carrier aggregation
Transmissions in multiple cells can be aggregated. Unless otherwise noted, the description in this specification applies to each of the serving cells. 


8	Sidelink
[bookmark: _Toc454818108]8.1	Overview
[bookmark: _Toc454818109]8.1.1	Overview of physical channels
A sidelink physical channel corresponds to a set of resource elements carrying information originating from higher layers. The following sidelink physical channels are defined:
-	Physical Sidelink Shared Channel, PSSCH
-	Physical Sidelink Broadcast Channel, PSBCH
-	Physical Sidelink Control Channel, PSCCH
-	Physical Sidelink Feedback Channel, PSFCH
8.1.2	Overview of physical signals
A sidelink physical signal corresponds to a set of resource elements used by the physical layer but does not carry information originating from higher layers. 
The following sidelink physical signals are defined:
-	Demodulation reference signals, DM-RS
-	Channel-state information reference signal, CSI-RS
-	Phase-tracking reference signals, PT-RS
-	Sidelink primary synchronization signal, S-PSS
-	Sidelink secondary synchronization signal, S-SSS
8.2	Physical resources
[bookmark: _Toc11324433]8.2.1	General
[bookmark: _Toc11324434]8.2.2	Numerologies
Multiple OFDM numerologies are supported as given by Table 8.2.2-1 where  and the cyclic prefix for a sidelink bandwidth part are obtained from the higher-layer parameter subcarrierSpacing-SL and cyclicPrefix-SL, respectively. 
Table 8.2.2-1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal



[bookmark: _Toc11324435]8.2.3	Frame structure
[bookmark: _Toc11324436]8.2.3.1	Frames and subframes
The frame and subframe structure for sidelink transmission is defined in clause 4.3.1.
[bookmark: _Toc11324437]8.2.3.2	Slots
The slot structure for sidelink transmission is defined in clause 4.3.2.
[bookmark: _Toc11324439]8.2.4	Antenna ports	Comment by Stefan Parkvall: Need to cover DM-RS association for SL channels; 4.4.1 currently covers UL/DL only.
An antenna port is defined in clause 4.4.1. 
The following antenna ports are defined for the sidelink:
-	Antenna ports starting with 1000 for PSSCH
-	Antenna ports starting with 2000 for PSCCH
-	Antenna ports starting with 3000 for CSI-RS
-	Antenna ports starting with 4000 for S-SS/PSBCH
-	Antenna ports starting with 5000 for PSFCH
[bookmark: _Toc11324440]8.2.5	Resource grid
The resource grid for sidelink transmission is defined in clause 4.4.2.
The starting position  for subcarrier spacing configuration  is given by the higher-layer parameter offsetToCarrier-SL.
[bookmark: _Toc11324441]8.2.6	Resource elements
Resource elements are defined in clause 4.4.3.
[bookmark: _Toc11324442]8.2.7	Resource blocks
Resource blocks are defined in clause 4.4.4.
Point A for sidelink transmission/reception is obtained from the higher-layer parameter absoluteFrequencyPointA-SL.
[bookmark: _Toc11324448]8.2.8	Bandwidth part
Configuration of the single bandwidth part for sidelink transmission is described in clause XX of [5, TS 38.213].
[bookmark: _Toc454818118]8.3	Physical channels
8.3.1	Physical sidelink shared channel
[bookmark: _Toc11324540]8.3.1.1	Scrambling	Comment by Stefan Parkvall: The text needs may need refinement; multiplexing of first (SCI2) and second part (data) might be such that SCI2 is not mapped to the first OFDM symbol. 
For the single codeword , the block of bits , where  is the number of bits in codeword  transmitted on the physical channel and defined in [4, TS 38.212], shall be scrambled prior to modulation, resulting in a block of scrambled bits, .
8.3.1.1.1	Scrambling of the first part
Scrambling for  shall be done according to

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with

8.3.1.1.1	Scrambling of the second part
Scrambling for  shall be done according to

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with


[bookmark: _Toc11324541]8.3.1.2	Modulation	Comment by Stefan Parkvall: May or may not be the same modulation for the two parts. Mapping may also need to be updated, depending on future RAN1agreements.

For the single codeword , the block of scrambled bits  shall be modulated as described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued modulation symbols . 
Table 6.3.1.2-1: Supported modulation schemes.
	Modulation scheme
	Modulation order 

	QPSK
	2

	16QAM
	4

	64QAM
	6

	256QAM
	8



[bookmark: _Toc11324542]8.3.1.3	Layer mapping
Layer mapping shall be done according to clause 7.3.1.3 with the number of layers , resulting in , .
8.3.1.4	Precoding	Comment by Stefan Parkvall: Good to have for future proofness

The block of vectors ,  shall be precoded according to

where the precoding matrix  equals the identity matrix and .
[bookmark: _Toc11324544]8.3.1.5	Mapping to virtual resource blocks
For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor   in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH.
The mapping to resource elements  allocated for PSSCH according to [6, TS 38.214] shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index  with the starting position given by [6, TS 38.214]. 
[bookmark: _Toc11324545]8.3.1.6	Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block .
[bookmark: _Toc454818125]8.3.2	Physical sidelink control channel	Comment by Stefan Parkvall: Agreements:
PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
FFS: other length(s) of symbols (e.g., all symbols)
The number of symbols above excludes AGC symbols if any
The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool

[bookmark: _Toc11324549]8.3.2.1	Scrambling
The block of bits , where  is the number of bits transmitted on the physical 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. The scrambling sequence generator shall be initialized with 

[bookmark: _Toc11324550]8.3.2.4	Modulation
[bookmark: _Toc11324551]The block of scrambled bits  shall be modulated as described in clause 5.1 using QPSK, resulting in a block of complex-valued modulation symbols  where . 
8.3.2.5	Mapping to physical resources
The set of complex-valued modulation symbols   shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  assigned for transmission according to subclause XXX of [5, TS 38.213] in increasing order of first the index  over the assigned physical resources, and then the index  on antenna port. 
[bookmark: _Toc11324552]8.3.3	Physical sidelink broadcast channel
[bookmark: _Toc11324553]8.3.3.1	Scrambling	Comment by Stefan Parkvall: There is not yet a formal agreement whether to have scrambling for PSBCH or not. If there is an agreement not to have scrambling this section will be removed.
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

[bookmark: _Toc11324554]8.3.3.2	Modulation
The block of bits  shall be QPSK modulated as described in clause 5.1.3, resulting in a block of complex-valued modulation symbols . 
[bookmark: _Toc11324555]8.3.3.3	Mapping to physical resources
Mapping to physical resources is described in clause 8.4.3.
[bookmark: _Toc454818139]8.3.4	Physical sidelink feedback channel	Comment by Stefan Parkvall: Agreements:
A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
This is applicable for unicast and groupcast including options 1/2.
Sequence of PUCCH format 0 is the starting point.
FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
FFS whether to support the following formats
X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
E.g. X=2
A PSFCH format based on PUCCH format 2
A PSFCH format spanning all available symbols for sidelink in a slot
Proposal 
For the agreed sequence-based PSFCH format with one symbol,
Up to [2] bits can be carried.
[1] PRB is used.
m_0 to determine cyclic shift is (pre-)configured per resource pool.
Support 2-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period)
Whether the above repetition of PSFCH format 0 to two symbol is enabled is (pre-)configured per resource pool.
Email discussion/approval till 10/25 – Jeongho (SS)

Proposals:
For the starting symbol of PSCCH in a slot, down-select
1st SL symbol in the slot 
2nd SL symbol in the slot
3rd SL symbol in the slot
1st SL symbol after AGC symbol in the slot
Also, the starting RB of the frequency domain of PSCCH
Email discussion/approval till 11/1 – Jeongho (SS)

[bookmark: _Toc11324487]8.3.4.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with  depending on the information to be transmitted according to subclause XXX of [5, TS 38.213].
[bookmark: _Toc11324488]8.3.4.2	Mapping to physical resources
The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  assigned for transmission according to subclause XXX of [5, TS 38.213] in increasing order of first the index  over the assigned physical resources, and then the index  on antenna port. 
[bookmark: _Toc454818146]8.4	Physical signals
8.4.1	Reference signals
[bookmark: _Toc11324558]8.4.1.1	Demodulation reference signals for PSSCH	Comment by Stefan Parkvall: Working assumption:
Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
FFS whether to support either one or both types
FFS details on multiplexing of different ports for PSSCH DMRS

[bookmark: _Toc11324559]8.4.1.1.1	Sequence generation	Comment by Stefan Parkvall: Formally not decided in RAN1 but seems reasonable 
The sequence  shall be generated according to

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with

[bookmark: _Toc11324560]8.4.1.1.2	Mapping to physical resources
8.4.1.2	Phase-tracking reference signals for PSSCH	Comment by Stefan Parkvall: E-mail discussion from 98b-NR-11 not yet captured.

For FR2, 
  Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu 
  Support multiple densities in time and frequency domains, as Uu
  The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
  RE offset is determined based on a (pre-)configured resourceElementOffset value
  RB offset is down-selected in RAN1#99.
  Alt 1. Fixed as 0.
  Alt 2. Determined based on L1 destination ID.
  Alt 3. Determined based on L1 source ID.
  Alt 4. Determined based on CRC of PSCCH.
  Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
  Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports. 
  Alt 2. The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
  Alt 3. One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
  Sidelink PT-RS are not mapped to 1st stage SCI REs and SL CSI-RS REs.
  Sidelink PTRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS.
  The Rx UE does not perform blind de-rate matching of 2nd stage SCI REs
 FFS Details

8.4.1.2.1	Sequence generation
8.4.1.2.2	Mapping to physical resources
8.4.1.3	Demodulation reference signals for PSCCH	Comment by Stefan Parkvall: Agreements:
(Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
Exact DMRS pattern is indicated by SCI
FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
FFS: case for Mode 1
FFS: whether/how to use restrictions for choice of DMRS pattern 
FFS on details on time-domain pattern
FFS the number of possible DMRS patterns
Note: it is not intended to specify DM-RS based resource pool selection 

8.4.1.3.1	Sequence generation	Comment by Stefan Parkvall: Formally not decided in RAN1 but seems reasonable 

The sequence  shall be generated according to

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with

8.4.1.3.2	Mapping to physical resources	Comment by Stefan Parkvall: Agreements:
Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
(Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
FFS: how to initialize DMRS sequence generator


The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot on antenna port  according to

where the following conditions are fulfilled
-	they are within the resource elements constituting the PSCCH
The reference point for  is 	subcarrier 0 in common resource block 0.
[bookmark: _Hlk508699360]The quantity  is the OFDM symbol number within the slot.
[bookmark: _Toc11324570]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	Comment by Stefan Parkvall: Unclear if the RAN1 agreements cover the timing aspects or not – the text may need to be revised.
-	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 S-SS/PSBCH block index as defined in [5, TS 38.213]
-	for  or ,  where  is the three least significant bits of the S-SS/PSBCH block index as defined in [5, TS 38.213]
with  being the number of S-SS/PSBCH transmissions within one S-SS/PSBCH period.
8.4.1.4.2	Mapping to physical resources
Mapping to physical resources is described in clause 8.4.3.
8.4.1.5	CSI reference signals
[bookmark: _Toc11324571]8.4.1.5.1	General
[bookmark: _Toc11324572]8.4.1.5.2	Sequence generation
[bookmark: _Toc11324573]8.4.1.5.3	Mapping to physical resources	Comment by Stefan Parkvall: Once additional agreements are in place the text can be developed.

Agreements:
Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
The subset is to be pre-defined by spec 
FFS how the one pattern is determined (but not part of SCI)
FFS which subset

Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
-	…
8.4.2	Synchronization signals
8.4.2.1	Physical-layer sidelink identities
There are 672 unique physical-layer sidelink identities given by
	
where  and . The sequences are divided into two sets, id_net consisting of  and id_oon consisting of..
[bookmark: _Toc11324576]8.4.2.2	Sidelink primary synchronization signal
[bookmark: _Toc11324577]8.4.2.2.1	Sequence generation	Comment by Stefan Parkvall: The exact ID-to-sequence mapping has not been agreed, I reused the PSS/SSS relation.

Agreements:
In NR V2X, S-SSB bandwidth is 11RBs. 
PSBCH spans 11RBs.
The S-SSB is designed following combination 1.
Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
Two symbols are used for each of S-PSS and S-SSS, respectively.

Agreements:
The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.

[bookmark: _Hlk22843206]The sequence  for the sidelink primary synchronization signal is defined by 

where 

and

[bookmark: _Toc11324578]8.4.2.2.2	Mapping to physical resources
Mapping to physical resources is described in clause 8.4.3.
[bookmark: _Toc11324579]8.4.2.3	Sidelink secondary synchronization signal
[bookmark: _Toc11324580]8.4.2.3.1	Sequence generation
The sequence  for the sidelink secondary synchronization signal is defined by 

where

and

8.4.2.3.2	Mapping to physical resources
Mapping to physical resources is described in clause 8.4.3.
8.4.3	S-SS/PSBCH block
[bookmark: _Toc11324583]8.4.3.1	Time-frequency structure of an S-SS/PSBCH block
In the time domain, an S-SS/PSBCH block consists of  OFDM symbols, numbered in increasing order from 0 to  within the S-SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are mapped to symbols as given by Table 8.4.3.1-1. The number of OFDM symbols in an S-SS/PSBCH block  for normal cyclic prefix and  for extended cyclic prefix.
In the frequency domain, an S-SS/PSBCH block consists of 132 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 131 within the sidelink S-SS/PSBCH block. The quantities  and  represent the frequency and time indices, respectively, within one sidelink S-SS/PSBCH block. 
For an S-SS/PSBCH block, the UE shall use 
-	antenna port 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH,
-	the same cyclic prefix length and subcarrier spacing for the S-PSS, S-SSS, PSBCH and DM-RS for PSBCH,

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
	

	S-SSS
	3, 4
	

	PSBCH
	0, 5,6, …,
	0,1,…,131

	DM-RS for PSBCH
	
	




[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 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 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.
[bookmark: _Toc11324586]8.4.3.1.3	Mapping of PSBCH and DM-RS within an S-SS/PSBCH block
The sequence of complex-valued symbols  constituting the physical sidelink broadcast channel shall be scaled by a factor  to conform to the PSBCH power allocation specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  which meet all the following criteria:
-	they are not used for PSBCH demodulation reference signals
The mapping to resource elements  not reserved for PSBCH DM-RS shall be in increasing order of first the index  and then the index, where  and  represent the frequency and time indices, respectively, within one S-SS/PSBCH block and are given by Table 8.4.3.1-1.
The sequence of complex-valued symbols  constituting the demodulation reference signals for the S-SS/PSBCH block shall be scaled by a factor of  to conform to the PSBCH power allocation specified in [5, TS 38.213] and mapped to resource elements  in increasing order of first  and then  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: _Toc11324587]8.4.3.2	Time location of an S-SS/PSBCH block
The locations in the time domain where a UE shall monitor for a possible S-SS/PSBCH block are described in clause XXX of [5, TS 38.213].
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