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1. [bookmark: _Ref521334010]Introduction
The enhancements of UL 8TX include full-coherent, partial-coherent and non-coherent codebook designs, TPMI/TRI indication, 2 CWs transmission and full power transmission. In RAN1#114bis meeting [1], remaining issues on codebook design for full power transmission mode 1 was discussed, and several text proposals on codebook, TPMI indication and 2 CWs were approved. In this contribution, several remaining issues on UL 8TX are discussed and corresponding TPs are provided.
2. Discussion
2.1 Determination of the precoding matrix  for transmissions using 8 antenna ports
Reason for change:
On the determination of the precoding matrix  for transmissions using 8 antenna ports in TS 38.211, there is no definition on the relationship between and /   . Therefore, the determination of  is not clear. 
Summary for change:
Clarify that for transmissions using 8 antenna ports, , and .
Consequences if not approved
How to determine the precoding matrix  for transmissions using 8 antenna ports is not clear.
Proposed TP for TS38.211:
--------------------------------------- Start of TP for TS38.211------------------------------------------
<Unrelated part omitted>
[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: 
-	for single-layer transmission on a single antenna port, ;
-	for transmissions using 2, or 4 antenna ports,  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 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 .
<Unrelated part omitted>
--------------------------------------- End of TP for TS38.211----------------------------------------	
2.2 Precoding matrix clarification for UL 8Tx
Reason for change:
In TS 38.211, it is specified that for transmissions using 8 antenna ports,  is given by , and it has been clarified in RAN1#114bis meeting that the intermediate precoding matrix   is given by Tables 6.3.1.5-29 to 6.3.1.5-47 with  representing the all-zero matrix with  rows and  columns. However, for codebook1 and codebook4, how to determine the intermediate precoding matrix  is not provided in TS 38.211. Besides, it can be seen from the captions of Tables 6.3.1.5-9 to 6.3.1.5-24 and Table 6.3.1.5-47 that the Tables 6.3.1.5-9 to 6.3.1.5-24 and Table 6.3.1.5-47 are used to calculate  directly for codebook1 and codebook4, respectively. This is contradictory.
[bookmark: _GoBack]Tables 6.3.1.5-25 to 6.3.1.5-28 and 6.3.1.5-37 to 6.3.1.5-38 are used to determine the submatrices , rather than the intermediate precoding matrix .
Summary for change:
Change the precoding matrix  to the intermediate precoding matrix  in the captions as well as in the tables for Tables 6.3.1.5-9 to 6.3.1.5-24 and Table 6.3.1.5-47 in TS 38.211.
Clarify in Clause 6.3.1.5 of TS38.211 that the intermediate precoding matrix  is given by Tables 6.3.1.5-9 to 6.3.1.5-24 and 6.3.1.5-29 to 6.3.1.5-36 and 6.3.1.5-39 to 6.3.1.5-47.
Consequences if not approved
UE’s behavior is not clear on calculating  for UL 8Tx configured with codebook1 and codebook4.
Proposed TP for TS38.211:
--------------------------------------- Start of TP for TS38.211------------------------------------------
6.3.1.5	Precoding
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: 
-	for single-layer transmission on a single antenna port, ;
-	for transmissions using 2, or 4 antenna ports,  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 6.3.1.5-24 and 6.3.1.5-29 to 6.3.1.5-36 and 6.3.1.5-39 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.
The 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 .
<Unrelated part omitted>
Table 6.3.1.5-9: Intermediate precoding matrix Precoding matrix  for codebook1=ng1n4n1 and single-layer transmission using eight antenna ports.
	TPMI index
	Intermediate precoder matrix 
(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	



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

	0 – 1
	
	

	2 – 3
	
	



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

	0 – 1
	
	

	2 – 3
	
	



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

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	



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

	0 – 1
	
	

	2 – 3
	
	

	4 – 5
	
	

	6 – 7
	
	



Table 6.3.1.5-47: Intermediate precoding matrix 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.
	TPMI index
	Intermediate precoder matrix 

	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
	


--------------------------------------- End of TP for TS38.211----------------------------------------
3. Conclusions
In this contribution, we provided our views on remaining issues of the enhancements for enabling UL 8TX and two TPs are provided.
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