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[bookmark: _Toc19796401]5.2	Sequence generation
[bookmark: _Toc19796402]5.2.1	Pseudo-random sequence generation



Generic pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence  of length, where, is defined by 






where  and the first m-sequence  shall be initialized with. The initialization of the second m-sequence, , is denoted by  with the value depending on the application of the sequence.
[bookmark: _Toc19796403]5.2.2	Low-PAPR sequence generation type 1



The low-PAPR sequence  is defined by a cyclic shift  of a base sequence  according to 


where  is the length of the sequence. Multiple sequences are defined from a single base sequence through different values of  and . 







Base sequences  are divided into groups, where  is the group number and  is the base sequence number within the group, such that each group contains one base sequence () of each length ,  and two base sequences () of each length , . The definition of the base sequence  depends on the sequence length .
[bookmark: _Toc19796404]5.2.2.1	Base sequences of length 36 or larger

For, the base sequence  is given by


where




The length  is given by the largest prime number such that.
[bookmark: _Toc19796405]5.2.2.2	Base sequences of length less than 36

For  the base sequence is given by



where the value of  is given by Tables 5.2.2.2-1 to 5.2.2.2-4. 


For , the base sequence  is given by





Table 5.2.2.2-1: Definition of  for.
	

	[image: ]

	0
	-3
	-1
	3
	3
	-1
	-3

	1
	-3
	3
	-1
	-1
	3
	-3

	2
	-3
	-3
	-3
	3
	1
	-3

	3
	1
	1
	1
	3
	-1
	-3

	4
	1
	1
	1
	-3
	-1
	3

	5
	-3
	1
	-1
	-3
	-3
	-3

	6
	-3
	1
	3
	-3
	-3
	-3

	7
	-3
	-1
	1
	-3
	1
	-1

	8
	-3
	-1
	-3
	1
	-3
	-3

	9
	-3
	-3
	1
	-3
	3
	-3

	10
	-3
	1
	3
	1
	-3
	-3

	11
	-3
	-1
	-3
	1
	1
	-3

	12
	1
	1
	3
	-1
	-3
	3

	13
	1
	1
	3
	3
	-1
	3

	14
	1
	1
	1
	-3
	3
	-1

	15
	1
	1
	1
	-1
	3
	-3

	16
	-3
	-1
	-1
	-1
	3
	-1

	17
	-3
	-3
	-1
	1
	-1
	-3

	18
	-3
	-3
	-3
	1
	-3
	-1

	19
	-3
	1
	1
	-3
	-1
	-3

	20
	-3
	3
	-3
	1
	1
	-3

	21
	-3
	1
	-3
	-3
	-3
	-1

	22
	1
	1
	-3
	3
	1
	3

	23
	1
	1
	-3
	-3
	1
	-3

	24
	1
	1
	3
	-1
	3
	3

	25
	1
	1
	-3
	1
	3
	3

	26
	1
	1
	-1
	-1
	3
	-1

	27
	1
	1
	-1
	3
	-1
	-1

	28
	1
	1
	-1
	3
	-3
	-1

	29
	1
	1
	-3
	1
	-1
	-1






Table 5.2.2.2-2: Definition of  for. 
	[bookmark: _Hlk515075199]
	

	0
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	1
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	4
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	5
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	8
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	9
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	10
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	11
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	12
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	13
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	14
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	15
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	18
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	21
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	22
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	26
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	27
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	29
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3





Table 5.2.2.2-3: Definition of  for  
	[bookmark: _Hlk515075704]
	

	0
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	1
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	2
	-3
	3
	1
	-1
	-1
	3
	-3
	-1
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	-1

	3
	-3
	-3
	3
	3
	3
	1
	-3
	1
	3
	3
	1
	-3
	-3
	3
	-1
	-3
	-1
	1

	4
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	5
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	6
	-3
	3
	-1
	1
	3
	1
	-3
	-1
	1
	1
	-3
	1
	3
	3
	-1
	-3
	-3
	-3

	7
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	8
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	9
	3
	-1
	3
	1
	-3
	-3
	-1
	1
	-3
	-3
	3
	3
	3
	1
	3
	-3
	3
	-3

	10
	-3
	-3
	-3
	1
	-3
	3
	1
	1
	3
	-3
	-3
	1
	3
	-1
	3
	-3
	-3
	3

	11
	-3
	-3
	3
	3
	3
	-1
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-1

	12
	-3
	-1
	-3
	-3
	1
	1
	-1
	-3
	-1
	-3
	-1
	-1
	3
	3
	-1
	3
	1
	3

	13
	1
	1
	-3
	-3
	-3
	-3
	1
	3
	-3
	3
	3
	1
	-3
	-1
	3
	-1
	-3
	1

	14
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	15
	3
	1
	-3
	1
	-3
	3
	3
	-1
	-3
	-3
	-1
	-3
	-3
	3
	-3
	-1
	1
	3

	16
	-3
	-1
	-3
	-1
	-3
	1
	3
	-3
	-1
	3
	3
	3
	1
	-1
	-3
	3
	-1
	-3

	17
	-3
	-1
	3
	3
	-1
	3
	-1
	-3
	-1
	1
	-1
	-3
	-1
	-1
	-1
	3
	3
	1

	18
	-3
	1
	-3
	-1
	-1
	3
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	1
	1
	-1
	-1

	19
	3
	3
	3
	-3
	-1
	-3
	-1
	3
	-1
	1
	-1
	-3
	1
	-3
	-3
	-1
	3
	3

	20
	-3
	1
	1
	-3
	1
	1
	3
	-3
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	-1
	-3

	21
	1
	-3
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	-1
	-3
	-1
	1
	3
	3
	3

	22
	-3
	-3
	1
	-1
	-1
	1
	1
	-3
	-1
	3
	3
	3
	3
	-1
	3
	1
	3
	1

	23
	3
	-1
	-3
	1
	-3
	-3
	-3
	3
	3
	-1
	1
	-3
	-1
	3
	1
	1
	3
	3

	24
	3
	-1
	-1
	1
	-3
	-1
	-3
	-1
	-3
	-3
	-1
	-3
	1
	1
	1
	-3
	-3
	3

	25
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	26
	-3
	-1
	-1
	-3
	1
	-3
	3
	-1
	-1
	-3
	3
	3
	-3
	-1
	3
	-1
	-1
	-1

	27
	-3
	-3
	3
	3
	-3
	1
	3
	-1
	-3
	1
	-1
	-3
	3
	-3
	-1
	-1
	-1
	3

	28
	-1
	-3
	1
	-3
	-3
	-3
	1
	1
	3
	3
	-3
	3
	3
	-3
	-1
	3
	-3
	1

	29
	-3
	3
	1
	-1
	-1
	-1
	-1
	1
	-1
	3
	3
	-3
	-1
	1
	3
	-1
	3
	-1





Table 5.2.2.2-4: Definition of  for  
	
	

	0
	-1
	-3
	3
	-1
	3
	1
	3
	-1
	1
	-3
	-1
	-3
	-1
	1
	3
	-3
	-1
	-3
	3
	3
	3
	-3
	-3
	-3

	1
	-1
	-3
	3
	1
	1
	-3
	1
	-3
	-3
	1
	-3
	-1
	-1
	3
	-3
	3
	3
	3
	-3
	1
	3
	3
	-3
	-3

	2
	-1
	-3
	-3
	1
	-1
	-1
	-3
	1
	3
	-1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-3
	-1
	-1
	3
	-3
	-3

	3
	1
	-3
	3
	-1
	-3
	-1
	3
	3
	1
	-1
	1
	1
	3
	-3
	-1
	-3
	-3
	-3
	-1
	3
	-3
	-1
	-3
	-3

	4
	-1
	3
	-3
	-3
	-1
	3
	-1
	-1
	1
	3
	1
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	1
	-1
	-3
	-3

	5
	-3
	-1
	1
	-3
	-3
	1
	1
	-3
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	-1
	-3
	1
	-3
	-3
	-3
	-3

	6
	-3
	3
	1
	3
	-1
	1
	-3
	1
	-3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	-1
	-1
	-1
	1
	1
	-3
	-3

	7
	-3
	1
	3
	-1
	1
	-1
	3
	-3
	3
	-1
	-3
	-1
	-3
	3
	-1
	-1
	-1
	-3
	-1
	-1
	-3
	3
	3
	-3

	8
	-3
	1
	-3
	3
	-1
	-1
	-1
	-3
	3
	1
	-1
	-3
	-1
	1
	3
	-1
	1
	-1
	1
	-3
	-3
	-3
	-3
	-3

	9
	1
	1
	-1
	-3
	-1
	1
	1
	-3
	1
	-1
	1
	-3
	3
	-3
	-3
	3
	-1
	-3
	1
	3
	-3
	1
	-3
	-3

	10
	-3
	-3
	-3
	-1
	3
	-3
	3
	1
	3
	1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-1
	-3
	3
	1
	3
	-3

	11
	-3
	3
	-1
	3
	1
	-1
	-1
	-1
	3
	3
	1
	1
	1
	3
	3
	1
	-3
	-3
	-1
	1
	-3
	1
	3
	-3

	12
	3
	-3
	3
	-1
	-3
	1
	3
	1
	-1
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	3
	3
	-3
	-3
	3
	-3
	-3

	13
	-3
	3
	-1
	3
	-1
	3
	3
	1
	1
	-3
	1
	3
	-3
	3
	-3
	-3
	-1
	1
	3
	-3
	-1
	-1
	-3
	-3

	14
	-3
	1
	-3
	-1
	-1
	3
	1
	3
	-3
	1
	-1
	3
	3
	-1
	-3
	3
	-3
	-1
	-1
	-3
	-3
	-3
	3
	-3

	15
	-3
	-1
	-1
	-3
	1
	-3
	-3
	-1
	-1
	3
	-1
	1
	-1
	3
	1
	-3
	-1
	3
	1
	1
	-1
	-1
	-3
	-3

	16
	-3
	-3
	1
	-1
	3
	3
	-3
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	3
	-3
	1
	-3
	1
	-1
	-1
	-1
	-3

	17
	3
	-1
	3
	-1
	1
	-3
	1
	1
	-3
	-3
	3
	-3
	-1
	-1
	-1
	-1
	-1
	-3
	-3
	-1
	1
	1
	-3
	-3

	18
	-3
	1
	-3
	1
	-3
	-3
	1
	-3
	1
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	1
	1
	-3
	1
	1
	-3
	-3

	19
	-3
	-3
	3
	3
	1
	-1
	-1
	-1
	1
	-3
	-1
	1
	-1
	3
	-3
	-1
	-3
	-1
	-1
	1
	-3
	3
	-1
	-3

	20
	-3
	-3
	-1
	-1
	-1
	-3
	1
	-1
	-3
	-1
	3
	-3
	1
	-3
	3
	-3
	3
	3
	1
	-1
	-1
	1
	-3
	-3

	21
	3
	-1
	1
	-1
	3
	-3
	1
	1
	3
	-1
	-3
	3
	1
	-3
	3
	-1
	-1
	-1
	-1
	1
	-3
	-3
	-3
	-3

	22
	-3
	1
	-3
	3
	-3
	1
	-3
	3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	1
	3
	-1
	1
	3
	3
	3
	-3

	23
	-3
	-1
	1
	-3
	-1
	-1
	1
	1
	1
	3
	3
	-1
	1
	-1
	1
	-1
	-1
	-3
	-3
	-3
	3
	1
	-1
	-3

	24
	-3
	3
	-1
	-3
	-1
	-1
	-1
	3
	-1
	-1
	3
	-3
	-1
	3
	-3
	3
	-3
	-1
	3
	1
	1
	-1
	-3
	-3

	25
	-3
	1
	-1
	-3
	-3
	-1
	1
	-3
	-1
	-3
	1
	1
	-1
	1
	1
	3
	3
	3
	-1
	1
	-1
	1
	-1
	-3

	26
	-1
	3
	-1
	-1
	3
	3
	-1
	-1
	-1
	3
	-1
	-3
	1
	3
	1
	1
	-3
	-3
	-3
	-1
	-3
	-1
	-3
	-3

	27
	3
	-3
	-3
	-1
	3
	3
	-3
	-1
	3
	1
	1
	1
	3
	-1
	3
	-3
	-1
	3
	-1
	3
	1
	-1
	-3
	-3

	28
	-3
	1
	-3
	1
	-3
	1
	1
	3
	1
	-3
	-3
	-1
	1
	3
	-1
	-3
	3
	1
	-1
	-3
	-3
	-3
	-3
	-3

	29
	3
	-3
	-1
	1
	3
	-1
	-1
	-3
	-1
	3
	-1
	-3
	-1
	-3
	3
	-1
	3
	1
	1
	-3
	3
	-3
	-3
	-3


5.2.3	Low-PAPR sequence generation type 2
The low-PAPR sequence  is defined by a base sequence  according to 

where  is the length of the sequence. Multiple sequences are defined from a single base sequence through different values of  and . 
Base sequences  are divided into groups, where  is the group number and  is the base sequence number within the group, such that each group contains one base sequence () of length , . The sequence  is defined by

where the definition of  depends on the sequence length.
5.2.3.1	Sequences of length 30 or larger
For , the sequence  is obtained as the complex-valued modulations symbols resulting from π/2-BPSK modulation as defined in clause 5.1.1 applied to the binary sequence  given by clause 5.2.1, initialized with .
5.2.3.2	Sequences of length less than 30
[bookmark: _Hlk19785479]For , the sequence   is given by

where the value of  is given by Table 5.2.3.2-1. 
For , the sequence  is obtained as the complex-valued modulations symbols resulting from π/2-BPSK modulation as defined in clause 5.1.1 applied to the binary sequence  given by Tables 5.2.3.2-2 to 5.2.3.2-4.

Table 5.2.3.2-1: Definition of  for .
	
	

	0
	-1
	-7
	-3
	-5
	-1
	3

	1
	-1
	3
	7
	-3
	7
	3

	2
	-1
	3
	1
	5
	-1
	-5

	3
	-7
	-3
	-7
	5
	-7
	-3

	4
	7
	5
	-1
	-7
	-3
	1

	5
	3
	-3
	1
	5
	-1
	-1

	6
	-7
	-3
	-7
	-3
	7
	-5

	7
	-7
	-3
	1
	-5
	-1
	-5

	8
	-7
	-3
	3
	-3
	-7
	-3

	9
	-7
	-7
	-1
	1
	-5
	1

	10
	-7
	-3
	-7
	5
	-1
	5

	11
	-7
	-7
	-3
	1
	5
	-1

	12
	5
	7
	-3
	-5
	5
	-5

	13
	-3
	7
	-5
	-1
	-5
	-1

	14
	5
	-7
	7
	1
	5
	1

	15
	-7
	3
	1
	5
	-1
	3

	16
	-7
	-5
	-1
	-7
	-5
	5

	17
	-7
	1
	-3
	3
	7
	5

	18
	-7
	-7
	3
	5
	1
	5

	19
	-7
	-3
	3
	-1
	3
	-5

	20
	-7
	-5
	5
	3
	-7
	-1

	21
	1
	5
	1
	5
	3
	7

	22
	1
	-3
	1
	-5
	-1
	3

	23
	1
	7
	1
	-5
	-7
	-1

	24
	1
	-1
	3
	-1
	-7
	-3

	25
	1
	-1
	-5
	-1
	3
	-3

	26
	1
	-1
	3
	-1
	3
	7

	27
	-5
	3
	7
	5
	3
	7

	28
	-7
	1
	-3
	1
	5
	1

	29
	1
	5
	3
	-7
	5
	-3



Table 5.2.3.2-2: Definition of  for . 
	
	

	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0

	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1

	2
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	3
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	0

	4
	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1

	5
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	6
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0

	7
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0

	8
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	9
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	0
	0

	10
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0

	11
	1
	0
	1
	0
	0
	1
	0
	0
	1
	0
	1
	0

	12
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0

	13
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1

	14
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1

	15
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1

	16
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	1
	0

	18
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1

	19
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1

	20
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1

	21
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1

	22
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0

	23
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0

	24
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0

	25
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0

	26
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1

	27
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1

	28
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1

	29
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1



Table 5.2.3.2-3: Definition of  for .
	
	

	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	1

	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1

	2
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1

	3
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	1

	4
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0

	5
	0
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	0

	6
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1

	7
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	8
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	9
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	10
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1

	11
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0

	12
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1

	13
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0

	14
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0

	16
	0
	1
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1

	17
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0

	18
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0

	19
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1

	20
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1

	21
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1

	22
	1
	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1

	23
	0
	0
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1

	24
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0

	25
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0

	26
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0

	27
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	28
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	29
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0



Table 5.2.3.2-4: Definition of  for  
	
	

	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1

	1
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0
	1
	1
	0

	2
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1

	3
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1

	4
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1

	5
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1

	6
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1

	7
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1

	8
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	9
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	10
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	11
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0

	12
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1

	13
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0

	14
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1

	15
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1

	16
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1

	17
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0
	1
	0

	18
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1

	19
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1

	20
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0

	21
	0
	1
	1
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1

	22
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1

	23
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	24
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0

	25
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0

	26
	0
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0

	27
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1

	28
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1

	29
	0
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1





[bookmark: _Toc19796448]6.4	Physical signals
[bookmark: _Toc19796449]6.4.1	Reference signals
[bookmark: _Toc19796450]6.4.1.1	Demodulation reference signal for PUSCH
[bookmark: _Toc19796451]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, 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




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-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;

-	 otherwise;. 
[bookmark: _Hlk26403688]-	 and  are given by
-	if the higher-layer parameter DMRSuplink-r16 in the DMRS-UplinkConfig IE is provided

	where  is the CDM group defined in clause 6.4.1.1.3.
-	otherwise 

The quantity  is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant, otherwise .
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to




where  is given by clause 5.2.2 with  and  for a PUSCH transmission. depends on the configuration:
-	if the higher-layer parameter DMRSuplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission,  is given by clause 5.2.3 with  given by

	where  is the OFDM symbol number within the slot in case of single-symbol DM-RS or the OFDM symbol number in the slot of the first DM-RS symbol in a symbol pair in case of double-symbol DM-RS;  is given by	the DCI according to clause 7.3.1.1.2 in  [4, TS38.212] for a transmission scheduled by DCI format 0_1 and by the higer-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; and
-	 are given by the higher-layer parameters pi2BPSKscramblingID0 and pi2BPSKscramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter pi2BPSKscramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise; 
-	otherwise,  is given by clause 5.2.2.

The sequence group [image: ], where [image: ] is given by
-	 if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI according to clause 8.3 in [5, TS 38.213];.
-	 if , the higher-layer parameter DMRSuplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, and the PUSCH transmission is not a msg3 transmission;
-	 otherwise
where [image: ] and the sequence number  are given by:
-	if neither group, nor sequence hopping is enabled
	[image: ]
-	if group hopping is enabled and sequence hopping is disabled 
	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame
-	if sequence hopping is enabled and group hopping is disabled
	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame. 
The hopping mode is controlled by higher-layer parameters:
-	for PUSCH transmission scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, sequence hopping is disabled and group hopping is enabled or disabled by the higher-layer parameter groupHoppingEnabledTransformPrecoding;
-	for all other transmissions, sequence hopping and group hopping are enabled or disabled by the respective higher-layer parameters sequenceHopping and sequenceGroupHopping if these parameters are provided, otherwise, the same hopping mode as for Msg3 shall be used.
The UE is not expected to handle the case of combined sequence hopping and group hopping.
The quantity  above is the OFDM symbol number except for the case of double-symbol DMRS in which case  is the OFDM symbol number of the first symbol of the double-symbol DMRS.
[bookmark: _Toc19796452]6.4.1.1.2	(void)
[bookmark: _Toc19796453]6.4.1.1.3	Precoding and mapping to physical resources 

The sequence  shall be mapped to the intermediate quantity  according to 
-	if transform precoding is not enabled, 


-	if transform precoding is enabled




where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the higher-layer parameter DMRS-UplinkConfig, and both  and  correspond to .  The intermediate quantity   if either  or  does not correspond to .
The intermediate quantity  shall be precoded, multiplied with the amplitude scaling factor [image: ] in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to
	[image: ]
where 

-	the precoding matrix  is given by clause 6.3.1.5, 

-	the set of antenna ports  is given by clause 6.3.1.5, and
-	the set of antenna ports [image: ] is given by [6, TS 38.214];
and the following conditions are fulfilled:
-	the resource elements  are within the common resource blocks allocated for PUSCH transmission.

[bookmark: _Hlk497489559]The reference point for  is 
-	subcarrier 0 in common resource block 0 if transform precoding is not enabled, and
-	subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation if transform precoding is enabled.


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

-	 is defined relative to the start of the slot if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled

-	 is given by the higher-layer parameter dmrs-TypeA-Position
-	for PUSCH mapping type B: 

-	 is defined relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled

-	 

The position(s) of the DM-RS symbols is given by  and duration  where
-	 is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or 
-	 is the duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or
-	 is the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used. 
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', the associated DCI or configured grant configuration determines whether single-symbol or double-symbol DM-RS shall be used
-	if the higher-layer parameter dmrs-AdditionalPosition is not set to 'pos0' and intra-slot frequency hopping is enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used assuming dmrs-AdditionalPosition is equal to 'pos1' for each hop.
For PUSCH mapping type A, the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'. For PUSCH mapping type A,  symbols in Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'.


The time-domain index  and the supported antenna ports  are given by Table 6.4.1.1.3-5. 

Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.
	

	CDM group

	

	[image: ]
	[image: ]

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

	0
	0
	0
	+1
	+1
	+1
	+1

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	1
	+1
	+1
	+1
	+1

	3
	1
	1
	+1
	-1
	+1
	+1

	4
	0
	0
	+1
	+1
	+1
	-1

	5
	0
	0
	+1
	-1
	+1
	-1

	6
	1
	1
	+1
	+1
	+1
	-1

	7
	1
	1
	+1
	-1
	+1
	-1



Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
	

	CDM group

	

	[image: ]
	[image: ]

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

	0
	0
	0
	+1
	+1
	+1
	+1

	1
	0
	0
	+1
	-1
	+1
	+1

	2
	1
	2
	+1
	+1
	+1
	+1

	3
	1
	2
	+1
	-1
	+1
	+1

	4
	2
	4
	+1
	+1
	+1
	+1

	5
	2
	4
	+1
	-1
	+1
	+1

	6
	0
	0
	+1
	+1
	+1
	-1

	7
	0
	0
	+1
	-1
	+1
	-1

	8
	1
	2
	+1
	+1
	+1
	-1

	9
	1
	2
	+1
	-1
	+1
	-1

	10
	2
	4
	+1
	+1
	+1
	-1

	11
	2
	4
	+1
	-1
	+1
	-1




Table 6.4.1.1.3-3: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled.
	   in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	<4
	-
	-
	-
	-
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	4
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	5
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ], 4
	[image: ], 4
	[image: ], 4

	6
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ], 4
	[image: ], 4
	[image: ], 4

	7
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ], 4
	[image: ], 4
	[image: ], 4

	8
	[image: ]
	[image: ], 7
	[image: ], 7
	[image: ], 7
	[image: ]
	[image: ], 6
	[image: ], 3, 6
	[image: ], 3, 6

	9
	[image: ]
	[image: ], 7
	[image: ], 7
	[image: ], 7
	[image: ]
	[image: ], 6
	[image: ], 3, 6
	[image: ], 3, 6

	10
	[image: ]
	[image: ], 9
	[image: ], 6, 9
	[image: ], 6, 9
	[image: ]
	[image: ], 8
	[image: ], 4, 8
	[image: ], 3, 6, 9

	11
	[image: ]
	[image: ], 9
	[image: ], 6, 9
	[image: ], 6, 9
	[image: ]
	[image: ], 8
	[image: ], 4, 8
	[image: ], 3, 6, 9

	12
	[image: ]
	[image: ], 9
	[image: ], 6, 9
	[image: ], 5, 8, 11
	[image: ]
	[image: ], 10
	[image: ], 5, 10
	[image: ], 3, 6, 9

	13
	[image: ]
	[image: ], 11
	[image: ], 7, 11
	[image: ], 5, 8, 11
	[image: ]
	[image: ], 10
	[image: ], 5, 10
	[image: ], 3, 6, 9

	14
	[image: ]
	[image: ], 11
	[image: ], 7, 11
	[image: ], 5, 8, 11
	[image: ]
	[image: ], 10
	[image: ], 5, 10
	[image: ], 3, 6, 9




Table 6.4.1.1.3-4: PUSCH DM-RS positions  within a slot for double-symbol DM-RS and intra-slot frequency hopping disabled.
	  in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	<4
	-
	-
	
	
	-
	-
	
	

	4
	[image: ]
	[image: ]
	
	
	-
	-
	
	

	5
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ]
	
	

	6
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ]
	
	

	7
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ]
	
	

	8
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ], 5
	
	

	9
	[image: ]
	[image: ]
	
	
	[image: ]
	[image: ], 5
	
	

	10
	[image: ]
	
, 8
	
	
	[image: ]
	[image: ], 7
	
	

	11
	[image: ]
	
, 8
	
	
	[image: ]
	[image: ], 7
	
	

	12
	[image: ]
	
, 8
	
	
	[image: ]
	[image: ], 9
	
	

	13
	[image: ]
	
, 10
	
	
	[image: ]
	[image: ], 9
	
	

	14
	[image: ]
	
, 10
	
	
	[image: ]
	[image: ], 9
	
	




Table 6.4.1.1.3-5: PUSCH DM-RS time index .
	DM-RS duration
	

	Supported antenna ports 

	
	
	Configuration type 1
	Configuration type 2

	single-symbol DM-RS
	0
	0 – 3
	0 – 5

	double-symbol DM-RS
	0, 1
	0 – 7
	0 – 11




Table 6.4.1.1.3-6: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping enabled. 
	  in symbols
	DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B


	
	
	
	

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos0
	pos1
	pos0
	pos1

	
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop
	1st
hop
	2nd
hop

	≤3
	-
	-
	-
	-
	-
	-
	-
	-
	0
	0
	
	0

	4
	2
	0
	2
	0
	3
	0
	3
	0
	0
	0
	
	0

	5, 6
	2
	0
	2
	0, 4
	3
	0
	3
	0, 4
	0
	0
	
	0, 4

	7
	2
	0
	2, 6
	0, 4
	3
	0
	3
	0, 4
	0
	0
	
	0, 4



[bookmark: _Toc19796454]6.4.1.2	Phase-tracking reference signals for PUSCH
[bookmark: _Toc19796455]6.4.1.2.1	Sequence generation
[bookmark: _Toc19796456]6.4.1.2.1.1	Sequence generation if transform precoding is not enabled


If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier  on layer  is given by
	
where
-	antenna ports [image: ] or [image: ] associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]
-	[image: ] is given by clause 6.4.1.1.1.1 
-	at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping
-	at the position of the first DM-RS symbol in hop [image: ] in presence of PUSCH intra-slot frequency hopping 
[bookmark: _Toc19796457]6.4.1.2.1.2	Sequence generation if transform precoding is enabled




[bookmark: _Hlk505167379]If transform precoding is enabled, the phase-tracking reference signal  to be mapped in position  before transform precoding, where  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1, shall be generated according to

.


where the pseudo-random sequence  is defined in clause 5.2.1 and  is given by Table 6.4.1.2.1.2-1. The pseudo-random sequence generator shall be initialized with
	

where  is the lowest OFDM symbol number in the PUSCH allocation in slot  that contains PT-RS according to clause 6.4.1.2.2.2 and  is given by the higher-layer parameter nPUSCH-Identity. 

Table 6.4.1.2.1.2-1: The orthogonal sequence .
	[image: ]
	[image: ]
[image: ]
	[image: ]
[image: ]

	0
	

	


	1
	

	


	2
	-
	


	3
	-
	




[bookmark: _Toc19796458]6.4.1.2.2	Mapping to physical resources
[bookmark: _Toc19796459]6.4.1.2.2.1	Precoding and mapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.
The PUSCH PT-RS shall be mapped to resource elements according to
	

when all the following conditions are fulfilled
-	[image: ] is within the OFDM symbols allocated for the PUSCH transmission
-	resource element [image: ] is not used for DM-RS
[bookmark: _Hlk512961480]-	 and  correspond to 

The quantities  and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2, the configuration type is given by the higher-layer parameter DMRS-UplinkConfig, and the precoding matrix  is given by clause 6.3.1.5. The quantity  is an amplitude scaling factor to conform with the transmit power specified in clause 6.2.2 of [6, TS 38.214].
The set of time indices [image: ] defined relative to the start of the PUSCH allocation is defined by

1. set and 

2. if any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3
-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

3. add  to the set of time indices for PT-RS
4. increment [image: ] by one

5. repeat from step 2 above as long as  is inside the PUSCH allocation
where [image: ] is defined in Table 6.2.3.1-1 of [6, TS 38.214].


For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from 0 to  from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource blocks are numbered in increasing order starting from the lowest frequency from 0 to . The subcarriers to which the PT-RS shall be mapped are given by


where
-	[image: ]
-	[image: ] is given by Table 6.4.1.2.2.1-1 for the DM-RS port associated with the PT-RS port according to clause 6.2.3 in [6, TS 38.214]. If the higher-layer parameter resourceElementOffset in PTRS-UplinkConfig is not configured, the column corresponding to 'offset00' shall be used.

-	is the RNTI associated with the DCI scheduling the transmission using C-RNTI, CS-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or is the CS-RNTI in case of configured grant

-	 is the number of resource blocks scheduled
-	 is given by [6, TS 38.214].
Table 6.4.1.2.2.1-1: The parameter [image: ] .
	DM-RS antenna port



	[image: ]

	
	DM-RS Configuration type 1
	DM-RS Configuration type 2

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	0
	0
	2
	6
	8
	0
	1
	6
	7

	1
	2
	4
	8
	10
	1
	6
	7
	0

	2
	1
	3
	7
	9
	2
	3
	8
	9

	3
	3
	5
	9
	11
	3
	8
	9
	2

	4
	-
	-
	-
	-
	4
	5
	10
	11

	5
	-
	-
	-
	-
	5
	10
	11
	4



[bookmark: _Toc19796460]6.4.1.2.2.2	Mapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks and OFDM symbols used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.



The sequence  shall be multiplied by  and mapped to  complex valued symbols in  where


-	 are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4




-	  depends on the number of PT-RS groups , the number of samples per PT-RS group , and  according to Table 6.4.1.2.2.2-1

[bookmark: _Hlk500849158]-	 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK as defined in clause 6.2.3 of [TS 38.214]
The set of time indices [image: ] for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation and is defined by
1. set [image: ] and [image: ]

2. if any symbol in the interval  overlaps with a symbol used for DM-RS according to clause 6.4.1.1.3

-	set 
-	set [image: ] to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol index of the second DM-RS symbol in case of a double-symbol DM-RS

-	repeat from step 2 as long as  is inside the PUSCH allocation

3. add  to the set of time indices for PT-RS
4. increment [image: ] by one

5. repeat from step 2 above as long as  is inside the PUSCH allocation
where  is given by the higher-layer parameter timeDensityTransformPrecoding in PTRS-UplinkConfig.
[bookmark: _Hlk498342295]Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
	
[bookmark: _Hlk500849359]Number of 
PT-RS groups

	
Number of samples per PT-RS group

	

Index  of PT-RS samples in OFDM symbol  prior to transform precoding

	2
	2
	

 where 

	2
	4
	

 where 

	4
	2
	


  where 

	4
	4
	

 where


	8
	4
	

 where




[bookmark: _Toc19796461]6.4.1.3	Demodulation reference signal for PUCCH
[bookmark: _Toc19796462]6.4.1.3.1	Demodulation reference signal for PUCCH format 1
[bookmark: _Toc19796463]6.4.1.3.1.1	Sequence generation
The reference signal sequence is defined by



where  is given by Table 6.4.1.3.1.1-1 and the sequence  is given by clause 5.2.2. 
Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.


The orthogonal sequence  is given by Table 6.3.2.4.1.-2 with the same index  as used in clause 6.3.2.4.1.

Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding .
	
PUCCH length, 

	


	
	No intra-slot hopping


	Intra-slot hopping

	
	
	

	


	4
	2
	1
	1

	5
	3
	1
	2

	6
	3
	2
	1

	7
	4
	2
	2

	8
	4
	2
	2

	9
	5
	2
	3

	10
	5
	3
	2

	11
	6
	3
	3

	12
	6
	3
	3

	13
	7
	3
	4

	14
	7
	4
	3



[bookmark: _Toc19796464]6.4.1.3.1.2	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  corresponds to the first OFDM symbol of the PUCCH transmission and  shall be within the resource blocks assigned for PUCCH transmission according to [5, TS 38.213]. 
[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  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
[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  depends on the configuration:
-	if the higher-layer parameter DMRSuplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. 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.
-	otherwise,  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





[bookmark: _Toc19796483][bookmark: _Toc19796500]7.3.1.1	Scrambling


Up to two codewords  can be transmitted. In case of single-codeword transmission, .


For each codeword , the UE shall assume the block of bits , where  is the number of bits in codeword  transmitted on the physical channel, are 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 dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;,
-	 equals
-	the higher-layer parameter dataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 0;
-	the higher-layer parameter AdditionaldataScramblingIdentityPDSCH if the codeword is scheduled using a CORESET with CORESETPoolIndex equal to 1;
	if the higher-layer parameters dataScramblingIdentityPDSCH and AdditionaldataScramblingIdentityPDSCH are configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space;
-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 38.214].


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;
-	 is given by

	if the higher-layer parameter DMRSdownlink-r16 in the DMRS-DownlinkConfig IE is provided, otherwise by 

-	 is the CDM group defined in clause 7.4.1.1.2.
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][bookmark: _Hlk512350165]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'. 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 is configured; and
-	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 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.
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

	
	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

	
	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
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