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[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. 
4.4.4.6	Interlaced resource blocks	Comment by Stefan Parkvall: IRBs are numbered within each interlace. Add numbering across interlaces as well (if needed)? Alignment with 213/214 needed.

Consider using different variable than M
Multiple interlaces of resource blocks are defined where interlace  consists of common resource blocks , with  being the number of interlaces given by Table 4.4.4.6-1. The relation between the interlaced resource block  in bandwidth part  and interlace  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.

Table 4.4.4.6-1: The number of resource block interlaces.
	
	

	0
	10

	1
	5



[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. 
[bookmark: _Toc19796422]

[bookmark: _Toc19796406][bookmark: _Hlk496533772]5.3	OFDM baseband signal generation
[bookmark: _Toc19796407]5.3.1	OFDM baseband signal generation for all channels except PRACH


[bookmark: _Hlk22730269]The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

where  is the time within the subframe, 


and

-	 is given by clause 4.2;

-	 is the subcarrier spacing configuration; 
-	 is the largest  value among the subcarrier spacing configurations by the higher-layer parameter scs-SpecificCarrierList. 
In case of cyclic extension of the first OFDM symbol  allocated for PUSCH transmission, the time-continuous signal for the interval  preceding the first OFDM symbol for PUSCH is given by




where  is given by 
-	Table 5.3.1-1 with the index is given by [6, TS 38.214] and  given by clasue 4.3.1 for dynamically scheduled PUSCH transmissions;
-	the procedure in [6, TS 38.214] for a PUSCH transmission using configured grant.



The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by



Table 5.3.1-1: The cyclic extension .
	Index 
	
	
	

	0
	-
	-
	-

	1
	
	
	

	2
	
	
	

	3
	
	
	



[bookmark: _Toc19796408]5.3.2	OFDM baseband signal generation for PRACH

The time-continuous signal  on antenna port  for PRACH is defined by


where  and 

-	 is given by clause 6.3.3; 


-	 is the subcarrier spacing of the initial uplink bandwidth part during initial access. Otherwise,  is the subcarrier spacing of the active uplink bandwidth part; 
-	 is the largest  value among the subcarrier spacing configurations by the higher-layer parameter scs-SpecificCarrierList;
-	[image: ] is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-layer parameter initialUplinkBWP during initial access. Otherwise, [image: ] is the lowest numbered resource block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink; 
-	[image: ] is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 0 of the initial uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during initial access associated with the initial uplink bandwidth part. Otherwise, [image: ] is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the active uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the active uplink bandwidth part;
-	[image: ] is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion in one time instance as given by clause 6.3.3.2; 
-	[image: ] is the number of resource blocks occupied and is given by the parameter allocation expressed in number of RBs for PUSCH in Table 6.3.3.2-1. 


-	 and  are given by clause 6.3.3
-	 where 


-	for ,  



-	for ,  is the number of times the interval  overlaps with either time instance 0 or time instance  in a subframe


The starting position  of the PRACH preamble in a subframe (for ) or in a 60 kHz slot (for ) is given by

	
where 
-	the subframe or 60 kHz slot is assumed to start at [image: ] ;
-	a timing advance value  shall be assumed; 
-	 and  are given by clause 5.3.1;
-	[image: ] shall be assumed for [image: ], otherwise it is given by [image: ] and the symbol position [image: ] is given by
	
where 
-	[image: ] is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4;


-	[image: ] is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to [image: ] within a RACH slot where [image: ] is given Tables 6.3.3.2-2 to 6.3.3.2-4 for  and fixed to 1 for ;
-	[image: ] is given by Tables 6.3.3.2-2 to 6.3.3.2-4;
-	[image: ] is given by
-	if [image: ], then [image: ]
-	if [image: ] and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then [image: ]
-	otherwise, [image: ]
If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is A1/B1, A2/B2 or A3/B3, then
-	if , then the PRACH preamble with the corresponding PRACH preamble format from B1, B2 and B3 is transmitted in the PRACH transmission occasion;
-	otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is transmitted in the PRACH transmission occasion


6.3.1.6	Mapping to virtual resource blocks



For each of the antenna ports used for transmission of the PUSCH, 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, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3

The mapping to resource elements  allocated for PUSCH 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: _Toc19796423]6.3.1.7	Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping or interlaced mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block  except for PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI in active uplink bandwidth part  starting at , including all resource blocks of the initial uplink bandwidth part starting at , and having the same subcarrier spacing and cyclic prefix as the initial uplink bandwidth part, in which case virtual resource block  is mapped to physical resource block .
For interlaced VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block . The relation between physical resource blocks and interlaced resource blocks are given by clauses 4.4.4.4 and 4.4.4.6.	Comment by Stefan Parkvall: Assuming resource allocation in 214 points to interlace number and IRB number, one can convert this into CRBs and PRBs using 4.4.4.4 and 4.4.4.6 so I only need to state that VRB=PRB. Alignment with 214 needed (and it may depend on future RAN1 decisions on resource allocation)
[bookmark: _Toc19796424][bookmark: _Hlk500414479]6.3.2	Physical uplink control channel
[bookmark: _Toc19796425]6.3.2.1	General


The physical uplink control channel supports multiple formats as shown in Table 6.3.2.1-1. In case intra-slot frequency hopping is configured for PUCCH formats 1, 3, or 4 according to clause 9.2.1 of [5, TS38.213], the number of symbols in the first hop is given by  where  is the length of the PUCCH transmission in OFDM symbols.
Table 6.3.2.1-1: PUCCH formats.
	PUCCH format
	
Length in OFDM symbols 
	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2



[bookmark: _Toc19796426]6.3.2.2	Sequence and cyclic shift hopping
PUCCH formats 0, 1, 3, and 4 use sequences  given by clause 5.2.2 with  where the sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
[bookmark: _Toc19796427]6.3.2.2.1	Group and sequence hopping
The sequence group  and the sequence number  within the group depends on the higher-layer parameter pucch-GroupHopping:
-	if pucch-GroupHopping equals 'neither'



	where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'enable' 





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'disable'




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.
[bookmark: _Toc19796428]6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to



where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in subclause 6.4.1.3.3.1

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to subclause 9.2 of [5, TS 38.213].
-	 is given by
-	 for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the higher-layer parameter useInterlacePUCCH-Common-r16 or useInterlacePUCCH-Dedicated-r16, where  is the resource block number within the interlace;
-	 otherwise 

The function  is given by
	



where the pseudo-random sequence  is defined by subclause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId if configured, otherwise .
[bookmark: _Toc19796429]6.3.2.3	PUCCH format 0
[bookmark: _Toc19796430]6.3.2.3.1	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 9.2 of [5, TS 38.213].
[bookmark: _Toc19796431]6.3.2.3.2	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 9.2.1 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: _Toc19796432]6.3.2.4	PUCCH format 1
[bookmark: _Toc19796433]6.3.2.4.1	Sequence modulation





The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to




where  is given by clause 6.3.2.2. The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to


where  is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, and interlaced mapping is not enabled, otherwise no intra-slot frequency hopping shall be assumed.



The orthogonal sequence  is given by Table 6.3.2.4.1-2 where  is the index of the orthogonal sequence to use according to subclause 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots according to subclause 9.2.6 of [5, TS38.213], the complex-valued symbol  is repeated for the subsequent slots.

Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding .
	
PUCCH length, 

	


	
	No intra-slot hopping


	Intra-slot hopping

	
	
	

	


	4
	2
	1
	1

	5
	2
	1
	1

	6
	3
	1
	2

	7
	3
	1
	2

	8
	4
	2
	2

	9
	4
	2
	2

	10
	5
	2
	3

	11
	5
	2
	3

	12
	6
	3
	3

	13
	6
	3
	3

	14
	7
	3
	4




Table 6.3.2.4.1-2: Orthogonal sequences  for PUCCH format 1. 
	

	


	
	

	

	

	

	

	

	


	1
	[0]
	-
	-
	-
	-
	-
	-

	2
	[0 0]
	[0 1]
	-
	-
	-
	-
	-

	3
	[0 0 0]
	[0 1 2]
	[0 2 1]
	-
	-
	-
	-

	4
	[0 0 0 0]
	[0 2 0 2]
	[0 0 2 2]
	[0 2 2 0]
	-
	-
	-

	5
	[0 0 0 0 0]
	[0 1 2 3 4]
	[0 2 4 1 3]
	[0 3 1 4 2]
	[0 4 3 2 1]
	-
	-

	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	-

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



[bookmark: _Toc19796434]6.3.2.4.2	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  which meet all of the following criteria: 
-	they are in the resource blocks assigned for transmission according to subclause 9.2.1 of [5, TS 38.213],
-	they are not used by the associated DM-RS 



The mapping to resource elements  not reserved for other purposes shall be in increasing order of first the index  over the assigned physical resource block(s), and then the index  on antenna port . 
[bookmark: _Toc19796435]6.3.2.5	PUCCH format 2
[bookmark: _Toc19796436]6.3.2.5.1	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 

where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,
-	 otherwise
and  is given by the C-RNTI.
[bookmark: _Toc19796437][bookmark: _Hlk22816802]6.3.2.5.2	Modulation
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 . 
6.3.2.5.2A		Spreading
Spreading shall be applied according to

resulting in a block of complex-valued symbols .
If interlaced mapping with one interlace is configured, indicated by the higher-layer parameter Interlace0 being configured but not Interlace1, and the higher-layer parameter OCC-Length-r16 is configured,
-	 is given by the higher-layer parameter OCC-Length-r16; 
-	 is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where  is the index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index-r16.
otherwise  and 
Table 6.3.2.5A-1: Orthogonal sequences  for PUCCH format 2 when .
	
	

	0
	

	1
	



Table 6.3.2.5A-2: Orthogonal sequences  for PUCCH format 2 when .
	
	

	0
	

	1
	

	2
	

	3
	



[bookmark: _Toc19796438]6.3.2.5.3	Mapping to physical resources


The block of modulation 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  which meet all of the following criteria: 
-	they are in the resource blocks assigned for transmission,
-	they are not used by the associated DM-RS. 



The mapping to resource elements  not reserved for other purposes shall be in increasing order of first the index  over the assigned physical resource blocks according to subclause 9.2.1 of [5, TS 38.213], and then the index  on antenna port .
[bookmark: _Toc19796439]6.3.2.6	PUCCH formats 3 and 4
[bookmark: _Toc19796440]6.3.2.6.1	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 

where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,
-	 otherwise
and  is given by the C-RNTI.
[bookmark: _Toc19796441]6.3.2.6.2	Modulation
The block of scrambled bits  shall be modulated as described in clause 5.1 using QPSK unless π/2-BPSK is configured, resulting in a block of complex-valued modulation symbols  where  for QPSK and  for π/2-BPSK. 
[bookmark: _Toc19796442][bookmark: _Hlk498334188]6.3.2.6.3	Block-wise spreading
[bookmark: _Hlk22816817]For both PUCCH format 3 and 4,   with  representing the bandwidth of the PUCCH in terms of resource blocks according to subclauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and shall fulfil

	


where  is a set of non-negative integers and . 
For PUCCH format 3, no block-wise spreading is applied and	Comment by Stefan Parkvall: Update once the details have been agreed.

Agreement:
Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
User multiplexing for the UCI is based on the application of pre-DFT OCC with
Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency
User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
Length of ZC sequence = number of tones in the interlace
FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols
Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
Support an RRC parameter for indicating OCC configuration for interlaced PF3
If two interlaces are configured, user multiplexing is not supported for interlaced PF3



where  is given by subclauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and .
For PUCCH format 4, block-wise spreading shall be applied according to 



where , and  are given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 where  is the index of the orthogonal sequence to use according to subclause 9.2.1 of [5, TS 38.213].

Table 6.3.2.6.3-1: Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[image: ]

	1
	[image: ]




[bookmark: _Hlk22818353]Table 6.3.2.6.3-2: Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[image: ]

	1
	[image: ]

	2
	[image: ]

	3
	[image: ]



[bookmark: _Toc19796443]6.3.2.6.4	Transform precoding
The block of complex-valued symbols  shall be transform precoded according to


resulting in a block of complex-valued symbols . 

[bookmark: _Toc19796444]6.3.2.6.5	Mapping to physical resources

The block of 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  which meet all of the following criteria: 
-	they are in the resource blocks assigned for transmission,
-	they are not used by the associated DM-RS



The mapping to resource elements  not reserved for other purposes shall be in increasing order of first the index  over the assigned physical resource blocks according to subclause 9.2.1 of [5, TS 38.213], and then the index  on antenna port . 



In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213],  OFDM symbols shall be transmitted in the first hop and  symbols in the second hop where  is the total number of OFDM symbols used in one slot for PUCCH transmission.
[bookmark: _Toc19796471]

[bookmark: _Toc19796465]6.4.1.3.2	Demodulation reference signal for PUCCH format 2
[bookmark: _Toc19796466]6.4.1.3.2.1	Sequence generation
The reference-signal sequence  shall be generated according to


		

where the pseudo-random sequence  is defined in clause 5.2. The pseudo-random sequence generator shall be initialized with
	


where  is the OFDM symbol number within the slot,  is the slot number within the radio frame, and  and  are defind in clause 6.3.2.5.2A.
The quantity  is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and by  otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingID0 is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
[bookmark: _Toc19796467]6.4.1.3.2.2	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, 38.213] and mapped in sequence starting with  to resource elements  in a slot on antenna port  according to
		


where  is defined relative to subcarrier 0 of common resource block 0 and  shall be within the resource blocks assigned for PUCCH transmission according to [5, TS 38.213]. 
[bookmark: _Toc19796468]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4	Comment by Stefan Parkvall: Update once the details have been agreed.

Agreement:
Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
User multiplexing for the UCI is based on the application of pre-DFT OCC with
Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency
User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
Length of ZC sequence = number of tones in the interlace
FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols
Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
Support an RRC parameter for indicating OCC configuration for interlaced PF3
If two interlaces are configured, user multiplexing is not supported for interlaced PF3


[bookmark: _Toc19796469]6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to



where  is given by clause 6.3.2.6.3 and  is given by clause 6.3.2.2. 

The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 4.
Table 6.4.1.3.3.1-1: Cyclic shift index for PUCCH format 4.
	
Orthogonal sequence index 
	Cyclic shift index [image: ]

	
	

	


	0
	0
	0

	1
	6
	6

	2
	-
	3

	3
	-
	9



[bookmark: _Toc19796470]6.4.1.3.3.2	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, 38.213] and mapped in sequence starting with  to resource elements  on antenna port  according to


where 

-	 is defined relative to subcarrier 0 of the lowest-numbered resource block assigned for PUCCH transmission, 


-	 is given by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where  corresponds to the first OFDM symbol of the PUCCH transmission. 
The resource elements  shall be within the resource blocks assigned for PUCCH transmission according to [5, TS 38.213]. 
[bookmark: _Hlk500850450]Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4.
	PUCCH length
	
DM-RS position  within PUCCH span

	
	No additional DM-RS
	Additional DM-RS

	
	No hopping
	Hopping
	No hopping
	Hopping

	4
	1
	0, 2
	1
	0, 2

	5
	0, 3
	0, 3

	6
	1, 4
	1, 4

	7
	1, 4
	1, 4

	8
	1, 5
	1, 5

	9
	1, 6
	1, 6

	10
	2, 7
	1, 3, 6, 8

	11
	2, 7
	1, 3, 6, 9

	12
	2, 8
	1, 4, 7, 10

	13
	2, 9
	1, 4, 7, 11

	14
	3, 10
	1, 5, 8, 12





6.4.1.4	Sounding reference signal	Comment by Stefan Parkvall: Ensure consistency with positioning CR.

[bookmark: _Toc19796472]6.4.1.4.1	SRS resource
An SRS resource is configured by the SRS-Resource IE and consists of

-	  antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports,  when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet set to 'nonCodebook'

-	  consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer parameter resourceMapping



[bookmark: _Hlk20397759]-	, the starting position in the time domain given by  where the offset  counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher layer parameter resourceMapping and 

-	, the frequency-domain starting position of the sounding reference signal
[bookmark: _Toc19796473]6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
	




where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The cyclic shift  for antenna port  is given as 

,





where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts is  if  and  if .


The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE and  is the OFDM symbol number within the SRS resource.
-	if groupOrSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 


-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
[bookmark: _Toc19796474]6.4.1.4.3	Mapping to physical resources





When SRS is transmitted on a given SRS resource, the sequence  for each OFDM symbol  and for each of the antenna ports of the SRS resource 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 for each of the antenna ports  according to


[bookmark: _Hlk500928298]The length of the sounding reference signal sequence is given by





where is given by a selected row of Table 6.4.1.4.3-1 with  where  is given by the field b-SRS contained in the higher-layer parameter freqHopping. The row of the table is selected according to the index  given by the field c-SRS contained in the higher-layer parameter freqHopping. 
The frequency-domain starting position  is defined by


where 


[bookmark: _Hlk4608294]If  the reference point for  is subcarrier 0 in common resource block 0, otherwise the reference point is the lowest subcarrier of the BWP.


The frequency domain shift value  adjusts the SRS allocation with respect to the reference point grid and is contained in the higher-layer parameter freqDomainShift in the SRS-Config IE. The transmission comb offset  is contained in the higher-layer parameter transmissionComb in the SRS-Config IE and  is a frequency position index.

Frequency hopping of the sounding reference signal is configured by the parameter , given by the field b-hop contained in the higher-layer parameter freqHopping.


If , frequency hopping is disabled and the frequency position index  remains constant (unless re-configured) and is defined by







for all  OFDM symbols of the SRS resource. The quantity  is given by the higher-layer parameter freqDomainPosition and the values of  and  for  are given by the selected row of Table 6.4.1.4.3-1 corresponding to the configured value of .


If , frequency hopping is enabled and the frequency position indices  are defined by


where  is given by Table 6.4.1.4.3-1,







and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is the repetition factor given by the field repetitionFactor contained in the higher-layer parameter resourceMapping.
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, the SRS counter is given by






[bookmark: _Hlk500773276]for slots that satisfy . The periodicity  in slots and slot offset  are given in clause 6.4.1.4.4.

Table 6.4.1.4.3-1: SRS bandwidth configuration.
	

	

	

	

	


	
	

	

	

	

	

	

	

	


	0
	4
	1
	4
	1
	4
	1
	4
	1

	1
	8
	1
	4
	2
	4
	1
	4
	1

	2
	12
	1
	4
	3
	4
	1
	4
	1

	3
	16
	1
	4
	4
	4
	1
	4
	1

	4
	16
	1
	8
	2
	4
	2
	4
	1

	5
	20
	1
	4
	5
	4
	1
	4
	1

	6
	24
	1
	4
	6
	4
	1
	4
	1

	7
	24
	1
	12
	2
	4
	3
	4
	1

	8
	28
	1
	4
	7
	4
	1
	4
	1

	9
	32
	1
	16
	2
	8
	2
	4
	2

	10
	36
	1
	12
	3
	4
	3
	4
	1

	11
	40
	1
	20
	2
	4
	5
	4
	1

	12
	48
	1
	16
	3
	8
	2
	4
	2

	13
	48
	1
	24
	2
	12
	2
	4
	3

	14
	52
	1
	4
	13
	4
	1
	4
	1

	15
	56
	1
	28
	2
	4
	7
	4
	1

	16
	60
	1
	20
	3
	4
	5
	4
	1

	17
	64
	1
	32
	2
	16
	2
	4
	4

	18
	72
	1
	24
	3
	12
	2
	4
	3

	19
	72
	1
	36
	2
	12
	3
	4
	3

	20
	76
	1
	4
	19
	4
	1
	4
	1

	21
	80
	1
	40
	2
	20
	2
	4
	5

	22
	88
	1
	44
	2
	4
	11
	4
	1

	23
	96
	1
	32
	3
	16
	2
	4
	4

	24
	96
	1
	48
	2
	24
	2
	4
	6

	25
	104
	1
	52
	2
	4
	13
	4
	1

	26
	112
	1
	56
	2
	28
	2
	4
	7

	27
	120
	1
	60
	2
	20
	3
	4
	5

	28
	120
	1
	40
	3
	8
	5
	4
	2

	29
	120
	1
	24
	5
	12
	2
	4
	3

	30
	128
	1
	64
	2
	32
	2
	4
	8

	31
	128
	1
	64
	2
	16
	4
	4
	4

	32
	128
	1
	16
	8
	8
	2
	4
	2

	33
	132
	1
	44
	3
	4
	11
	4
	1

	34
	136
	1
	68
	2
	4
	17
	4
	1

	35
	144
	1
	72
	2
	36
	2
	4
	9

	36
	144
	1
	48
	3
	24
	2
	12
	2

	37
	144
	1
	48
	3
	16
	3
	4
	4

	38
	144
	1
	16
	9
	8
	2
	4
	2

	39
	152
	1
	76
	2
	4
	19
	4
	1

	40
	160
	1
	80
	2
	40
	2
	4
	10

	41
	160
	1
	80
	2
	20
	4
	4
	5

	42
	160
	1
	32
	5
	16
	2
	4
	4

	43
	168
	1
	84
	2
	28
	3
	4
	7

	44
	176
	1
	88
	2
	44
	2
	4
	11

	45
	184
	1
	92
	2
	4
	23
	4
	1

	46
	192
	1
	96
	2
	48
	2
	4
	12

	47
	192
	1
	96
	2
	24
	4
	4
	6

	48
	192
	1
	64
	3
	16
	4
	4
	4

	49
	192
	1
	24
	8
	8
	3
	4
	2

	50
	208
	1
	104
	2
	52
	2
	4
	13

	51
	216
	1
	108
	2
	36
	3
	4
	9

	52
	224
	1
	112
	2
	56
	2
	4
	14

	53
	240
	1
	120
	2
	60
	2
	4
	15

	54
	240
	1
	80
	3
	20
	4
	4
	5

	55
	240
	1
	48
	5
	16
	3
	8
	2

	56
	240
	1
	24
	10
	12
	2
	4
	3

	57
	256
	1
	128
	2
	64
	2
	4
	16

	58
	256
	1
	128
	2
	32
	4
	4
	8

	59
	256
	1
	16
	16
	8
	2
	4
	2

	60
	264
	1
	132
	2
	44
	3
	4
	11

	61
	272
	1
	136
	2
	68
	2
	4
	17

	62
	272
	1
	68
	4
	4
	17
	4
	1

	63
	272
	1
	16
	17
	8
	2
	4
	2



[bookmark: _Toc19796475]6.4.1.4.4	Sounding reference signal slot configuration


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity  (in slots) and slot offset  are configured according to the higher-layer parameter periodicityAndOffset-p or periodicityAndOffset-sp. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots satisfying


SRS is transmitted as described in clause 11.1 of [5, TS 38.213].
[bookmark: _Toc19796487][bookmark: _Hlk500447462]

[bookmark: _Toc19796489]7.3.2	Physical downlink control channel (PDCCH)
[bookmark: _Toc19796490]7.3.2.1	Control-channel element (CCE)
A physical downlink control channel consists of one or more control-channel elements (CCEs) as indicated in Table 7.3.2.1-1.
Table 7.3.2.1-1: Supported PDCCH aggregation levels.
	Aggregation level
	Number of CCEs

	1
	1

	2
	2

	4
	4

	8
	8

	16
	16



[bookmark: _Toc19796491]7.3.2.2	Control-resource set (CORESET)
A control-resource set consists of  resource blocks in the frequency domain and  symbols in the time domain.
A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource block in the control resource set.
A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-REG mapping only.
The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved and is described by REG bundles:


[bookmark: _Hlk500448813][bookmark: _Hlk500448903]-	REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET



[bookmark: _Hlk500448980]-	CCE  consists of REG bundles  where  is an interleaver
[bookmark: _Hlk500448443]For non-interleaved CCE-to-REG mapping,  and .
For interleaved CCE-to-REG mapping, for  and  for . The interleaver is defined by 


where .
The UE is not expected to handle configurations resulting in the quantity  not being an integer.
For a CORESET configured by the ControlResourceSet IE: 
-	 is given by the higher-layer parameter frequencyDomainResources;
-	 is given by the higher-layer parameter duration, where  is supported only if the higher-layer parameter dmrs-TypeA-Position equals 3;
-	interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType;
-	 equals 6 for non-interleaved mapping and is given by by the higher-layer parameter reg-BundleSize for interleaved mapping;
-	 is given by the higher-layer parameter interleaverSize;
-	 is given by the higher-layer parameter shiftIndex if provided, otherwise ;
-	for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
[bookmark: _Hlk498503446]-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList, if the higher-layer parameter precoderGranularity equals allContiguousRBs.
For CORESET 0 configured by the ControlResourceSetZero IE:
-	 and  are defined by clause 13 of [5, TS 38.213];
-	the UE may assume interleaved mapping 
-	;
-	;
-	
-	the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;
-	the UE may assume the same precoding being used within a REG bundle.
[bookmark: _Toc19796492]7.3.2.3	Scrambling
[bookmark: _Hlk523251629]The UE shall assume the block of bits , where  is the number of bits transmitted on the physical channel, is 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
	[image: ]
where
-	for a UE-specific search space as defined in clause 10 of [5, TS 38.213], [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured,
-	 otherwise
and where 
-	[image: ] is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and
-	[image: ] otherwise.
[bookmark: _Toc19796493]7.3.2.4	PDCCH modulation
The UE shall assume the block of bits  to be QPSK modulated as described in clause 5.1.3, resulting in a block of complex-valued modulation symbols .
[bookmark: _Toc19796494]7.3.2.5	Mapping to physical resources




[bookmark: _Hlk498433213]The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements  used for the monitored PDCCH and not used for the associated PDCCH DMRS in increasing order of first , then . The antenna port .
[bookmark: _Toc19796495]

[bookmark: _Toc19796499]7.4	Physical signals
[bookmark: _Toc19796500]7.4.1	Reference signals
[bookmark: _Toc19796501]7.4.1.1	Demodulation reference signals for PDSCH
[bookmark: _Toc19796502]7.4.1.1.1	Sequence generation

The UE shall assume the sequence  is defined by

.

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

where  is the OFDM symbol number within the slot,   is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise;
The quantity  is given by the DM-RS sequence initialization field, in the DCI associated with the PDSCH transmission if DCI format 1_1 in [4, TS 38.212] is used, otherwise .
[bookmark: _Toc19796503]7.4.1.1.2	Mapping to physical resources
The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration type 2 as given by the higher-layer parameter dmrs-Type.


The UE shall assume the sequence  is scaled by a factor  to conform with the transmission power specified in [6, TS 38.214] and mapped to resource elements  according to




where , , and  are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:
-	the resource elements are within the common resource blocks allocated for PDSCH transmission

The reference point for  is 
-	subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI;
-	otherwise, subcarrier 0 in common resource block 0 


The reference point for  and the position  of the first DM-RS symbol depends on the mapping type:
-	for PDSCH mapping type A: 

-	 is defined relative to the start of the slot


-	if the higher-layer parameter dmrs-TypeA-Position is equal to 'pos3' and  otherwise
-	for PDSCH mapping type B: 

-	 is defined relative to the start of the scheduled PDSCH resources

-	 

The position(s) of the DM-RS symbols is given by  and duration  where
-	for PDSCH mapping type A,  is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot 
-	for PDSCH mapping type B,  is the duration of the scheduled PDSCH resources
[bookmark: _Hlk500881005]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. 
For PDSCH mapping type A
-	The the case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';. 
[bookmark: _Hlk512350165]-	For PDSCH mapping type A,  and  symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs-TypeA-Position is equal to 'pos2';. 
-	For PDSCH mapping Type A single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is configured; and	Comment by Stefan Parkvall: Format B2
-	the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B

-	if the PDSCH duration  is 2, 4, or 7, 9, or 10 OFDM symbols for normal cyclic prefix or 2, 4, 6 OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol,
-	if the PDSCH duration  is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol,
-	if the PDSCH duration  is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix, 
-	the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and
-	if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted.
-	if the PDSCH duration  is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
-	if the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing confgiuration , and at least one PDSCH DM-RS symbol in the PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList, then  shall be incremented by one.
The time-domain index  and the supported antenna ports  are given by Table 7.4.1.1.2-5 where 
-	single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is not configured
-	single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is equal to 'len2'.
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
The UE may assume that no DM-RS collides with the SS/PBCH block.
Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
	
	[image: ]
	[image: ]

	
	
	
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1



Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
	
	[image: ]
	[image: ]

	
	
	
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1




Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B	Comment by Stefan Parkvall: Update to support any length. Exact positions not agreed yet (except length 9 and 10)!


	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	2
	-
	-
	-
	-
	

	

	
	

	3
	

	

	

	

	-
	-
	
	

	4
	

	

	

	

	

	

	
	

	5
	

	

	

	

	-
	-
	
	

	6
	

	

	

	

	[image: ]
	[image: ]
	
	

	7
	

	

	

	

	

	[image: ]
	
	

	8
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	9
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	10
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	11
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	12
	

	
, 9
	
, 6, 9
	
, 5, 8, 11
	-
	-
	
	

	13
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	
	

	14
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	-
	-




Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B	Comment by Stefan Parkvall: Update to support any length


	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos0
	pos1
	pos2

	<4
	
	
	
	-
	-
	

	4
	

	

	
	-
	-
	

	5
	

	

	
	-
	-
	

	6
	

	

	
	[image: ]
	[image: ]
	

	7
	

	

	
	

	

	

	8
	

	

	
	-
	-
	

	9
	

	

	
	-
	-
	

	10
	

	
, 8
	
	-
	-
	

	11
	

	
, 8
	
	-
	-
	

	12
	

	
, 8
	
	-
	-
	

	13
	

	
, 10
	
	-
	-
	

	14
	

	
, 10
	
	-
	-
	





Table 7.4.1.1.2-5: PDSCH DM-RS time index  and antenna ports .
	Single or double symbol DM-RS
	

	
Supported antenna ports 

	
	
	Configuration type 1
	Configuration type 2

	single
	0
	1000 – 1003
	1000 – 1005

	double
	0, 1
	1000 – 1007
	1000 – 1011





[bookmark: _Toc19796525]7.4.3	SS/PBCH block 
[bookmark: _Toc19796526]7.4.3.1	Time-frequency structure of an SS/PBCH block
In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table 7.4.3.1-1. 






In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities  and  represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity  in Table 7.4.3.1-1 is given by . The quantity  is the subcarrier offset from subcarrier 0 in common resource block  to subcarrier 0 of the SS/PBCH block, where  is obtained from the higher-layer parameter offsetToPointA and the 4 least significant bits of  are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type A the most significant bit of  is given by  in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212]. If ssb-SubcarrierOffset is not provided,  is derived from the frequency difference between the SS/PBCH block and Point A.
[bookmark: _Hlk508608444][bookmark: _Hlk508608015]The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to zero in the OFDM symbols partially or fully overlapping with OFDM symbols where SS/PBCH is transmitted. 
For an SS/PBCH block, the UE shall assume 

-	antenna port  is used for transmission of PSS, SSS, PBCH and DM-RS for PBCH,
-	the same cyclic prefix length and subcarrier spacing for the PSS, SSS, PBCH and DM-RS for PBCH,



-	for SS/PBCH block type A,  and  with the quantities , and  expressed in terms of 15 kHz subcarrier spacing, and



-	for SS/PBCH block type B,  and  with the quantity  expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and  expressed in terms of 60 kHz subcarrier spacing; 
-	the centre of subcarrier 0 of resource block   coincides with the centre of subcarrier 0 of a common resource block with the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon. This common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block.
The UE may assume that SS/PBCH blocks transmitted with the same 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. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions other than what is specified in [5, TS 38.213].
Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH. 
	Channel or signal
	
OFDM symbol number 
relative to the start of an SS/PBCH block
	
Subcarrier number 
relative to the start of an SS/PBCH block

	PSS
	0
	56, 57, …, 182

	SSS
	2
	56, 57, …, 182

	Set to 0
	0
	0, 1, …, 55, 183, 184, …, 239

	
	2
	48, 49, …, 55, 183, 184, …, 191

	PBCH
	1, 3
	0, 1, …, 239

	
	2
	0, 1, …, 47, 
192, 193, …, 239

	DM-RS for PBCH
	1, 3
	


	
	2
	




[bookmark: _Toc19796527]7.4.3.1.1	Mapping of PSS within an SS/PBCH block





The UE shall assume the sequence of symbols constituting the primary synchronization signal to be scaled by a factor  to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to resource elements  in increasing order of  where  and  are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.
[bookmark: _Toc19796528]7.4.3.1.2	Mapping of SSS within an SS/PBCH block





The UE shall assume the sequence of symbols  constituting the secondary synchronization signal to be scaled by a factor  and mapped to resource elements  in increasing order of  where  and  are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.
[bookmark: _Toc19796529]7.4.3.1.3	Mapping of PBCH and DM-RS within an SS/PBCH block



The UE shall assume the sequence of complex-valued symbols  constituting the physical broadcast channel to be scaled by a factor  to conform to the PBCH 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 PBCH demodulation reference signals




The mapping to resource elements  not reserved for PBCH 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 SS/PBCH block and are given by Table 7.4.3.1-1.





The UE shall assume the sequence of complex-valued symbols  constituting the demodulation reference signals for the SS/PBCH block to be scaled by a factor of  to conform to the PBCH power allocation specified in [5, TS 38.213] and to be mapped to resource elements  in increasing order of first  and then  where  and  are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.
[bookmark: _Toc19796530]7.4.3.2	Time location of an SS/PBCH block
The locations in the time domain where a UE shall monitor for a possible SS/PBCH block are described in clause 4.1 of [5, TS 38.213].
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