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[bookmark: _Toc19796416][bookmark: _Toc26459642][bookmark: _Toc29230291][bookmark: _Toc36026550][bookmark: _Toc45107389][bookmark: _Toc51774058][bookmark: _Toc106014749][bookmark: _Toc19796453][bookmark: _Toc26459679][bookmark: _Toc29230329][bookmark: _Toc36026588][bookmark: _Toc45107427][bookmark: _Toc51774096][bookmark: _Toc106014787]6.3.1	Physical uplink shared channel
[bookmark: _Toc19796417][bookmark: _Toc26459643][bookmark: _Toc29230292][bookmark: _Toc36026551][bookmark: _Toc45107390][bookmark: _Toc51774059][bookmark: _Toc106014750]6.3.1.1	Scrambling
Up to two codewords  can be transmitted. In case of single-codeword transmission, .

For the singleeach codeword, the block of bits , where  is the number of bits in codeword  transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to the following pseudo code
Set i = 0
while 

if 	// UCI placeholder bits


else

if 	// UCI placeholder bits


else


end if
end if 
i = i + 1
end while
where x and y are tags defined in [4, TS 38.212] and 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 and the RNTI equals the C-RNTI, MCS-C-RNTI, SP-CSI-RNTI or CS-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space;
[bookmark: _Hlk26377062][bookmark: _Hlk26377073]-	 equals the higher-layer parameter msgA-DataScramblingIndex if configured and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];

-	 otherwise
-	 is the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of [11, TS 38.321]
and where [image: ] equals the RA-RNTI for msgA and otherwise corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213].
[bookmark: _Toc19796418][bookmark: _Toc26459644][bookmark: _Toc29230293][bookmark: _Toc36026552][bookmark: _Toc45107391][bookmark: _Toc51774060][bookmark: _Toc106014751]6.3.1.2	Modulation

For the singleeach codeword , the block of scrambled bits  shall be modulated as described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued modulation symbols . 
Table 6.3.1.2-1: Supported modulation schemes.
	Transform precoding disabled
	Transform precoding enabled

	Modulation scheme
	Modulation order [image: ]
	Modulation scheme
	Modulation order [image: ]

	
	
	π/2-BPSK
	1

	QPSK
	2
	QPSK
	2

	16QAM
	4
	16QAM
	4

	64QAM
	6
	64QAM
	6

	256QAM
	8
	256QAM
	8



[bookmark: _Toc19796419][bookmark: _Toc26459645][bookmark: _Toc29230294][bookmark: _Toc36026553][bookmark: _Toc45107392][bookmark: _Toc51774061][bookmark: _Toc106014752]6.3.1.3	Layer mapping

For the single codeword , tThe complex-valued modulation symbols for each of the codewords to be transmitted shall be mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols  for codeword  shall be mapped onto the layers ,  where  is the number of layers and  is the number of modulation symbols per layer.
[bookmark: _Toc19796421][bookmark: _Toc26459647][bookmark: _Toc29230296][bookmark: _Toc36026555][bookmark: _Toc45107394][bookmark: _Toc51774063][bookmark: _Toc106014754]

[bookmark: _Hlk498001231]6.3.1.5	Precoding


[bookmark: _Hlk496880698]The block of vectors ,  shall be precoded according to





where , . The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 
For non-codebook-based transmission, the precoding matrix  equals the identity matrix.
For codebook-based transmission, the precoding matrix  depends on the number of antenna ports used for the transmission:is given by  
-	for single-layer transmission on a single antenna port, ;
-	for transmissions using 2, or 4 antenna ports,  otherwise is given by Tables 6.3.1.5-1 to 6.3.1.5-7;
-	for transmissions using 8 antenna ports,  is given by

	where 
-	the subscripts  and  denote the row of the respective matrix;
-	 is given by Table 6.3.1.5-8;
-	the intermediate precoding matrix  is given by Tables 6.3.1.5-9 to 6.3.1.5-47 with  representing the all-zero matrix with  rows and  columns;
-	the submatrices  are given by Tables 6.3.1.5-25 to 6.3.1.5-28 and 6.3.1.5-37 to 6.3.1.5-38.
 with tThe TPMI index used in the tables above is obtained from the DCI scheduling the uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214]. 
When the higher-layer parameter txConfig is not configured, the precoding matrix .

Table 6.3.1.5-1: Precoding matrix  for single-layer transmission using two antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
	

	

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




Table 6.3.1.5-2: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding enabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-




Table 6.3.1.5-3: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled.
	[bookmark: _Hlk500155670]TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-




Table 6.3.1.5-4: Precoding matrix  for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	-




Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-




Table 6.3.1.5-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-



Table 6.3.1.5-8: The port mapping function  for transmission using 8 antenna ports.
	
	Higher-layer parameter CodebookType

	
	codebook1
	codebook2
	codebook3
	codebook4

	0
	0
	0
	0
	0

	1
	1
	1
	4
	1

	2
	2
	4
	1
	2

	3
	3
	5
	5
	3

	4
	4
	2
	2
	4

	5
	5
	3
	6
	5

	6
	6
	6
	3
	6

	7
	7
	7
	7
	7



[bookmark: _Hlk136532021]Table 6.3.1.5-9: Precoding matrix  for codebook1=ng1n4n1 and single-layer transmission using eight antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	



Table 6.3.1.5-10: Precoding matrix  for codebook1=ng1n4n1 and two-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	

	16 – 23
	
	
	
	
	
	
	
	

	24 – 31
	
	
	
	
	
	
	
	



Table 6.3.1.5-11: Precoding matrix  for codebook1=ng1n4n1 and three-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	
	

	16 – 19
	
	
	
	

	20 – 23
	
	
	
	



Table 6.3.1.5-12: Precoding matrix  for codebook1=ng1n4n1 and four-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	
	

	16 – 19
	
	
	
	

	20 – 23
	
	
	
	



Table 6.3.1.5-13: Precoding matrix  for codebook1=ng1n4n1 and five-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-14: Precoding matrix  for codebook1=ng1n4n1 and six-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-15: Precoding matrix  for codebook1=ng1n4n1 and seven-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	



Table 6.3.1.5-16: Precoding matrix  for codebook1=ng1n4n1 and eight-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	



Table 6.3.1.5-17: Precoding matrix  for codebook1=ng1n2n2 and single-layer transmission using eight antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	



Table 6.3.1.5-18: Precoding matrix  for codebook1=ng1n2n2 and two-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	

	16 – 23
	
	
	
	
	
	
	
	

	24 – 31
	
	
	
	
	
	
	
	



Table 6.3.1.5-19: Precoding matrix  for codebook1=ng1n2n2 and three-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	
	

	16 – 19
	
	
	
	

	20 – 23
	
	
	
	



Table 6.3.1.5-20: Precoding matrix  for codebook1=ng1n2n2 and four-layer transmission using eight antenna ports with transform precoding disabled.
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	

	8 – 11
	
	
	
	

	12 – 15
	
	
	
	

	16 – 19
	
	
	
	

	20 – 23
	
	
	
	



Table 6.3.1.5-21: Precoding matrix  for codebook1=ng1n2n2 and five-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-22: Precoding matrix  for codebook1=ng1n2n2 and six-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-23: Precoding matrix  for codebook1=ng1n2n2 and seven-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-24: Precoding matrix  for codebook1=ng1n2n2 and eight-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index
	(ordered from left to right in increasing order of TPMI index)

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



[bookmark: _Hlk144406779]Table 6.3.1.5-25: Submatrices  for codebook2 and used in Tables 6.3.1.5-29 to 6.3.1.5-36.
	
	(ordered from left to right in increasing order of )

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15 
	
	
	
	
	
	
	
	



Table 6.3.1.5-26: Submatrices  for codebook2 and used in Tables 6.3.1.5-29 to 6.3.1.5-36.
	
	(ordered from left to right in increasing order of )

	0 – 3
	
	
	
	

	4 – 7
	
	
	
	



Table 6.3.1.5-27: Submatrices  for codebook2 and used in Tables 6.3.1.5-29 to 6.3.1.5-36.
	
	(ordered from left to right in increasing order of )

	0 – 3
	
	
	
	



Table 6.3.1.5-28: Submatrices  for codebook2 and used in Tables 6.3.1.5-29 to 6.3.1.5-36.
	
	(ordered from left to right in increasing order of )

	0 – 1
	
	



Table 6.3.1.5-29: Intermediate precoding matrix  for codebook2 and single-layer transmission using eight antenna ports.
	TPMI index 
	Intermediate precoder matrix 

	0 – 15
	

	16 – 31
	

	32
	



Table 6.3.1.5-30: Intermediate precoding matrix  for codebook2 and two-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 7
	

	8 – 15
	

	16 – 271
	



Table 6.3.1.5-31: Intermediate precoding matrix  for codebook2 and three-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 3
	

	4 – 7
	

	8 – 135
	

	136 – 263
	



Table 6.3.1.5-32: Intermediate precoding matrix  for codebook2 and four-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 1
	

	2 – 3
	

	4 – 67
	



Table 6.3.1.5-33: Intermediate precoding matrix  for codebook2 and five-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 31 
	



Table 6.3.1.5-34: Intermediate precoding matrix  for codebook2 and six-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 15
	



Table 6.3.1.5-35: Intermediate precoding matrix  for codebook2 and seven-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 7
	



Table 6.3.1.5-36: Intermediate precoding matrix  for codebook2 and eight-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 3
	



Table 6.3.1.5-37: Submatrices  for codebook3 and used in Tables 6.3.1.5-39 to 6.3.1.5-46.
	
	(ordered from left to right in increasing order of )

	0 – 3
	
	
	
	



Table 6.3.1.5-38: Submatrices  for codebook3 and used in Tables 6.3.1.5-39 to 6.3.1.5-46.
	
	(ordered from left to right in increasing order of )

	0 – 1
	
	



Table 6.3.1.5-39: Intermediate precoding matrix  for codebook3 and single-layer transmission using eight antenna ports. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 3
	

	4 – 7
	

	8 – 11
	

	12 – 15
	

	16
	



Table 6.3.1.5-40: Intermediate precoding matrix  for codebook3 and two-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 1
	

	2 – 3
	

	4 – 5
	

	6 – 7 
	

	8 – 23
	

	24 – 39
	

	40 – 55
	

	56 – 71
	

	72 – 87
	

	88 – 103
	

	104
	



Table 6.3.1.5-41: Intermediate precoding matrix  for codebook3 and three-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 7
	

	8 – 15
	

	16 – 23
	

	24 – 31
	

	32 – 39
	

	40 – 47
	

	48 – 111
	

	112 – 175
	

	176 – 239
	

	240 – 303
	

	304
	



Table 6.3.1.5-42: Intermediate precoding matrix  for codebook3 and four-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 255
	

	256 – 259
	

	260 – 263
	

	264 – 267
	

	268 – 271
	

	272 – 275
	

	276 – 279
	



Table 6.3.1.5-43: Intermediate precoding matrix  for codebook3 and five-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 15
	

	16 – 31 
	

	32 – 159
	



Table 6.3.1.5-44: Intermediate precoding matrix  for codebook3 and six-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 7
	

	8 – 15
	

	16 – 79 
	



Table 6.3.1.5-45: Intermediate precoding matrix  for codebook3 and seven-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 7
	



Table 6.3.1.5-46: Intermediate precoding matrix  for codebook3 and eight-layer transmission using eight antenna ports with transform precoding disabled. 
	TPMI index 
	Intermediate precoder matrix 

	0 – 15
	




Table 6.3.1.5-47: Precoding matrix   for codebook4 and transmission using eight antenna ports. Up to 8 layers are supported with transform precoding disabled and up to one layer with transform precoding enabled.
	[bookmark: _Hlk137048597]TPMI index
	

	0 – 
	

where column  of , denoted , has an element 1 on the row corresponding to the port  on which layer  is to be transmitted, and element 0 in all other rows, ,
, where  if a layer is to be transmitted on port  and  otherwise, and  for , where  is defined by Table 5.2.2.2.5-4 of [6, TS 38.214].  

TPMI indices  to  are mapped to values of , first by increasing values of the number of transmitted layers, and then by increasing values of  for a given number of layers.

	255
	

	256
	

	257
	





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 the higher-layer parameter dmrs-TypeEnh is configured

-	otherwise



-	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 Δ corresponds to any other antenna ports than. 
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
	
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, or for a msgA transmission msgA-MaxLength in msgA-DMRS-Config 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 msgA-MaxLength in msgA-DMRS-Config is equal to 'len2', 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 is equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
-	 symbols in Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'.
For msgA transmitted using PUSCH mapping type A, 
-	the case msgA-DMRS-AdditionalPosition is equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
-	'dmrs-AdditionalPosition' in Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported.;
-	only basic DM-RS multiplexing in Table 6.4.1.1.3-5 is supported.
For msgA transmitted using PUSCH mapping type B, 
-	'dmrs-AdditionalPosition' in Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS-AdditionalPosition;
-	only PUSCH DM-RS configuration type 1 is supported.;
-	only basic DM-RS multiplexing in Table 6.4.1.1.3-5 is supported.


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 
	
	
	

	0
	0
	0
	
	

	1
	0
	0
	
	

	2
	1
	1
	
	

	3
	1
	1
	
	

	4
	0
	0
	
	

	5
	0
	0
	
	

	6
	1
	1
	
	

	7
	1
	1
	
	

	8
	0
	0
	
	

	9
	0
	0
	
	

	10
	1
	1
	
	

	11
	1
	1
	
	

	12
	0
	0
	
	

	13
	0
	0
	
	

	14
	1
	1
	
	

	15
	1
	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 
	
	
	

	0
	0
	0
	
	

	1
	0
	0
	
	

	2
	1
	2
	
	

	3
	1
	2
	
	

	4
	2
	4
	
	

	5
	2
	4
	
	

	6
	0
	0
	
	

	7
	0
	0
	
	

	8
	1
	2
	
	

	9
	1
	2
	
	

	10
	2
	4
	
	

	11
	2
	4
	
	

	12
	0
	0
	
	

	13
	0
	0
	
	

	14
	1
	2
	
	

	15
	1
	2
	
	

	16
	2
	4
	
	

	17
	2
	4
	
	

	18
	0
	0
	
	

	19
	0
	0
	
	

	20
	1
	2
	
	

	21
	1
	2
	
	

	22
	2
	4
	
	

	23
	2
	4
	
	



	

	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 multiplexing 
	DM-RS duration
	
	Supported antenna ports 

	
	
	
	Configuration type 1
	Configuration type 2

	Basic
	single-symbol DM-RS
	0
	0 – 3
	0 – 5 

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

	Enhanced
	single-symbol DM-RS
	0
	0 – 3, 8 – 11
	0 – 5, 12 – 17

	
	double-symbol DM-RS
	0, 1
	0 – 15
	0 – 23 



	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: _Toc19796458][bookmark: _Toc26459684][bookmark: _Toc29230334][bookmark: _Toc36026593][bookmark: _Toc45107432][bookmark: _Toc51774101][bookmark: _Toc106014792][bookmark: _Toc19796503][bookmark: _Toc26459729][bookmark: _Toc29230379][bookmark: _Toc36026638][bookmark: _Toc45107477][bookmark: _Toc51774146][bookmark: _Toc106014837]6.4.1.2.2	Mapping to physical resources
[bookmark: _Toc19796459][bookmark: _Toc26459685][bookmark: _Toc29230335][bookmark: _Toc36026594][bookmark: _Toc45107433][bookmark: _Toc51774102][bookmark: _Toc106014793]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-Type in the DMRS-UplinkConfig IE, 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

	8
	4
	6
	10
	0
	-
	-
	-
	-

	9
	6
	8
	0
	2
	-
	-
	-
	-

	10
	5
	7
	11
	1
	-
	-
	-
	-

	11
	7
	9
	1
	3
	-
	-
	-
	-

	12
	-
	-
	-
	-
	6
	7
	0
	1

	13
	-
	-
	-
	-
	7
	0
	1
	6

	14
	-
	-
	-
	-
	8
	9
	2
	3

	15
	-
	-
	-
	-
	9
	2
	3
	8

	16
	-
	-
	-
	-
	10
	11
	4
	5

	17
	-
	-
	-
	-
	11
	4
	5
	10





[bookmark: _Toc19796471][bookmark: _Toc26459697][bookmark: _Toc29230347][bookmark: _Toc36026606][bookmark: _Toc45107445][bookmark: _Toc51774114][bookmark: _Toc106014805]6.4.1.4	Sounding reference signal
[bookmark: _Toc19796472][bookmark: _Toc26459698][bookmark: _Toc29230348][bookmark: _Toc36026607][bookmark: _Toc45107446][bookmark: _Toc51774115][bookmark: _Toc106014806]6.4.1.4.1	SRS resource
An SRS resource is configured by the SRS-Resource IE or the SRS-PosResource IE and consists of
-	 antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports if configured, otherwise , and  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][bookmark: _Toc26459699][bookmark: _Toc29230349][bookmark: _Toc36026608][bookmark: _Toc45107447][bookmark: _Toc51774116][bookmark: _Toc106014807]6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
[bookmark: _Hlk136870708]	
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 quantity  is the OFDM symbol number within the SRS resource.
The quantity  is given by
-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm

-	otherwise


The cyclic shift  for antenna port  is given as 

where
,
where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  are is given by Table 6.4.1.4.2-1.
The quantities  and  are given by
-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm

-	otherwise

The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the cyclic-shift hopping identity  is contained in the higher-layer parameter cyclicShiftHopping.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .

The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Resource IE or the SRS-PosResource IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Resource IE, in which case , or the SRS-PosResource-r16 IE, in which case . The quantity  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. 
Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of .
	
	

	2
	8

	4
	12

	8
	6



[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc106014808]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 if configured, otherwise . 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 quantity   is given by the higher-layer parameter FreqScalingFactor if configured, otherwise . When FreqScalingFactor is configured, the UE expects the length of the SRS sequence to be a multiple of 6.
The frequency-domain starting position  is defined by

where 

and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with

	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

where  and is the th entry and the cardinality of the set 
respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .

[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. 
If the SRS is configured by the IE SRS-PosResource, the quantity  is given by Table 6.4.1.4.3-2, otherwise .
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-Resource IE or the SRS-PosResource IE. The transmission comb offset  is contained in the higher-layer parameter transmissionComb in the SRS-Resource IE or the SRS-PosResource 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 configured, otherwise .
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 if configured, otherwise , 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 given by  if the higher-layer parameter nrofSRS-Ports-n8 equals ‘ports8tdm’, otherwise . The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
.
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



Table 6.4.1.4.3-2: The offset  for SRS as a function of  and .
	
	

	
	
	
	
	
	

	2
	0
	0,1
	0,1,0,1
	-
	-

	4
	-
	0, 2
	0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3, 0, 2, 1, 3

	8
	-
	-
	0, 4, 2, 6
	0, 4, 2, 6, 1, 5, 3, 7
	0, 4, 2, 6, 1, 5, 3, 7, 0, 4, 2, 6



Table 6.4.1.4.3-3: The quantity  as a function of .
	
	

	
	
	
	

	0
	0
	0
	0

	1
	-
	1
	2

	2
	-
	-
	1

	3
	-
	-
	3



[bookmark: _Toc19796475][bookmark: _Toc26459701][bookmark: _Toc29230351][bookmark: _Toc36026610][bookmark: _Toc45107449][bookmark: _Toc51774118][bookmark: _Toc106014809]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 in the SRS-Resource IE, or periodicityAndOffset-p or periodicityAndOffset-sp in the SRS-PosResource IE. 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 11.16.2.1 of [56, TS 38.213214].


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


-	if the higher-layer parameter dmrs-TypeEnh is configured

-	otherwise




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 case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
[bookmark: _Hlk512350165]-	 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';
-	single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2 is configured; and
-	the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B

[bookmark: _Hlk25169508]-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  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 5 symbols and if one additional single-symbol DMRS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th symbol when the front-loaded DM-RS symbol is in the 1st symbol of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted;
-	if the PDSCH duration  is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix: 
-	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   OFDM symbols, the UE is not expected to receive the front-loaded DM-RS beyond the 4th symbol;
-	if the PDSCH duration  is 12 or 13 symbols, the UE is not expected to receive DM-RS mapped to symbol 12 or later in the slot;
-	for all values of the PDSCH duration  other than 2, 5, and 7 symbols, the UE is not expected to receive DM-RS beyond the :th symbol;
-	if the PDSCH duration  is less than or equal to 4 OFDM symbols, only single-symbol DM-RS is supported. 
[bookmark: _Hlk26363339]-	if the higher-layer parameter lte-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2 is configured, the PDSCH duration  symbols for normal cyclic prefix, the subcarrier spacing configuration , single-symbol DM-RS is configured, 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, lte-CRS-PatternList1, or lte-CRS-PatternList2, then  shall be incremented by one in all slots.
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'.
-	basic or enhanced DM-RS multiplexing is controlled by the higher-layer parameter dmrs-TypeEnh
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. Unless specified otherwise, 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 (when applicable). The UE may assume that DMRS ports associated with a TCI state as described in clause 5.1.6.2 of [6, TS 38.214] of 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 
	
	
	

	1000
	0
	0
	
	

	1001
	0
	0
	
	

	1002
	1
	1
	
	

	1003
	1
	1
	
	

	1004
	0
	0
	
	

	1005
	0
	0
	
	

	1006
	1
	1
	
	

	1007
	1
	1
	
	

	1008
	0
	0
	
	

	1009
	0
	0
	
	

	1010
	1
	1
	
	

	1011
	1
	1
	
	

	1012
	0
	0
	
	

	1013
	0
	0
	
	

	1014
	1
	1
	
	

	1015
	1
	1
	
	




	
	
CDM group 
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	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 
	
	
	

	0
	0
	0
	
	

	1
	0
	0
	
	

	2
	1
	2
	
	

	3
	1
	2
	
	

	4
	2
	4
	
	

	5
	2
	4
	
	

	6
	0
	0
	
	

	7
	0
	0
	
	

	8
	1
	2
	
	

	9
	1
	2
	
	

	10
	2
	4
	
	

	11
	2
	4
	
	

	12
	0
	0
	
	

	13
	0
	0
	
	

	14
	1
	2
	
	

	15
	1
	2
	
	

	16
	2
	4
	
	

	17
	2
	4
	
	

	18
	0
	0
	
	

	19
	0
	0
	
	

	20
	1
	2
	
	

	21
	1
	2
	
	

	22
	2
	4
	
	

	23
	2
	4
	
	




	
	
CDM group 
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	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
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	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
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	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 .
	DM-RS multiplexing 
	DM-RS duration
	
	Supported antenna ports 

	
	
	
	Configuration type 1
	Configuration type 2

	Basic
	single-symbol DM-RS
	0
	1000 – 1003
	1000 – 1005 

	
	double-symbol DM-RS
	0, 1
	1000 – 1007 
	1000 – 1011

	Enhanced
	single-symbol DM-RS
	0
	1000 – 1003, 1008 – 1011
	1000 – 1005, 1012 – 1017

	
	double-symbol DM-RS
	0, 1
	1000 – 1015
	1000 – 1023 



	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: _Toc19796506][bookmark: _Toc26459732][bookmark: _Toc29230382][bookmark: _Toc36026641][bookmark: _Toc45107480][bookmark: _Toc51774149][bookmark: _Toc106014840]7.4.1.2.2	Mapping to physical resources
The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
If present, the UE shall assume the PDSCH PT-RS is scaled by a factor  to conform with the transmission power specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements according to

[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission
-	resource element    is not used for DM-RS, non-zero-power CSI-RS (except for those configured for mobility measurements or with resourceType in corresponding CSI-ResourceConfig configured as 'aperiodic'), zero-power CSI-RS, SS/PBCH block, a detected PDCCH according to clause 5.1.4.1 of [6, TS38.214], or is declared as 'not available' by clause 5.1.4 of [6, TS 38.214]

[bookmark: _Hlk497126566]The set of time indices  defined relative to the start of the PDSCH 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 7.4.1.1.2
-	set 

-	set  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 PDSCH allocation
3.	add  to the set of time indices for PT-RS

4.	increment  by one
5.	repeat from step 2 above as long as  is inside the PDSCH allocation

where .


For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH 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 UE shall assume the PT-RS is mapped are given by


where 
-	
-	[image: ] is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.3 in [6, TS 38.214]. If the higher-layer parameter resourceElementOffset in the PTRS-DownlinkConfig IE is not configured, the column corresponding to 'offset00' shall be used.

-	 is the RNTI associated with the DCI scheduling the transmission

-	 is the number of resource blocks scheduled
-	 is given by [6, TS 38.214].
Table 7.4.1.2.2-1: The parameter [image: ].
	DM-RS antenna port
[image: ]
	[image: ]

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

	
	resourceElementOffset
	resourceElementOffset

	
	offset00
	offset01
	offset10
	offset11
	offset00
	offset01
	offset10
	offset11

	1000
	0
	2
	6
	8
	0
	1
	6
	7

	1001
	2
	4
	8
	10
	1
	6
	7
	0

	1002
	1
	3
	7
	9
	2
	3
	8
	9

	1003
	3
	5
	9
	11
	3
	8
	9
	2

	1004
	-
	-
	-
	-
	4
	5
	10
	11

	1005
	-
	-
	-
	-
	5
	10
	11
	4

	1008
	4
	6
	10
	0
	-
	-
	-
	-

	1009
	6
	8
	0
	2
	-
	-
	-
	-

	1010
	5
	7
	11
	1
	-
	-
	-
	-

	1011
	7
	9
	1
	3
	-
	-
	-
	-

	1012
	-
	-
	-
	-
	6
	7
	0
	1

	1013
	-
	-
	-
	-
	7
	0
	1
	6

	1014
	-
	-
	-
	-
	8
	9
	2
	3

	1015
	-
	-
	-
	-
	9
	2
	3
	8

	1016
	-
	-
	-
	-
	10
	11
	4
	5

	1017
	-
	-
	-
	-
	11
	4
	5
	10
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