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Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide some discussions and text proposals on the SRI/TPMI enhancements on the 8Tx uplink transmission.

Codebook based
Fully-coherent codebook
In the previous RAN1 meetings [2]-[4], the following agreements have been achieved on Rel-18 UL 8Tx fully-coherent codebook.
	Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 [bookmark: _Hlk142401358]Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Conclusion
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.




For Rel-18 UL 8Tx fully-coherent codebook, only the configurations (N1,N2,O1,O2) = (4,1,1,1) and (2,2,1,1) are supported. Table 1 lists the number of precoders of different configuration parameters.
[bookmark: _Ref142403723][bookmark: _Ref142403720]Table 1 Number of precoders.
	Configuration
parameters
	Number of precoders

	(N1,N2,O1,O2)
	Rank=1
	Rank=2
	Rank=3
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8
	Total

	(4,1,1,1)
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(2,2,1,1)
	16
	32
	24
	24
	8
	8
	8
	8
	128



However, based on the comment from Qualcomm in FL summary [5], there are duplicated precoders (with only shifted columns) when different indices (i11, i12, i13, and i2) are configured. In this contribution, we list the duplicated precoders in Table 2-Table 5. Here, notations ‘x’ and ‘o’ denote that the corresponding precoders are duplicated or not, and the duplicated precoders should be removed from the Rel-18 UL 8Tx fully-coherent codebook.
[bookmark: _Ref142403903]Table 2 Duplicated precoders for (N1,N2,O1,O2) = (4,1,1,1) and Rank=4
	(N1,N2,O1,O2)=(4,1,1,1) and Rank=4

	Index of the precoder
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	i11
	0
	1
	2
	3

	i12
	0

	i13
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	i2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication
or not
	o
	o
	o
	o
	o
	o
	o
	o
	o
	o
	x
	x
	o
	o
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Index of the duplicated precoder
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	2
	-
	-
	3
	4
	7
	8
	5
	6
	9
	10
	13
	14

	Number of duplicated precoders
	12



Table 3 Duplicated precoders for (N1,N2,O1,O2) = (4,1,1,1) and Rank=8
	(N1,N2,O1,O2)=(4,1,1,1) and Rank=8

	Index of the precoder
	1
	2
	3
	4

	i11
	0
	1

	i12
	0

	i2
	0
	1
	0
	1

	Duplication or not
	o
	o
	x
	o

	Index of the duplicated precoder
	-
	-
	1
	-

	Number of duplicated precoders
	1



Table 4 Duplicated precoders for (N1,N2,O1,O2) = (2,2,1,1) and Rank=4
	(N1,N2,O1,O2)=(2,2,1,1) and Rank=4

	Index of the precoder
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	i11
	0
	1

	i12
	0
	1
	0
	1

	i13
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	[bookmark: _Hlk142400302]i2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication
or not
	o
	o
	o
	o
	o
	o
	o
	o
	x
	x
	o
	o
	x
	x
	o
	o
	x
	x
	x
	x
	x
	x
	x
	x

	Index of the duplicated precoder
	-
	-
	-
	-
	-
	-
	-
	-
	3
	4
	-
	-
	1
	2
	-
	-
	11
	12
	7
	8
	15
	16
	5
	6

	Number of duplicated precoders
	12



[bookmark: _Ref142403906]Table 5 Duplicated precoders for (N1,N2,O1,O2) = (2,2,1,1) and Rank=8
	(N1,N2,O1,O2)=(2,2,1,1) and Rank=8

	Index of the precoder
	1
	2
	3
	4
	5
	6
	7
	8

	i11
	0
	1

	i12
	0
	1
	0
	1

	i2
	0
	1
	0
	1
	0
	1
	0
	1

	Duplication or not
	o
	o
	x
	o
	x
	x
	x
	x

	Index of the duplicated precoder
	-
	-
	1
	-
	1
	2
	1
	4

	Number of duplicated precoders
	5



What’s more, there is a typo in the Table 6.3.1.5-12 of the latest TS 38.211 [6], and the TPMI = 0  should be modified as .
Based on this, we propose the following TP to TS 38.211.
[bookmark: _Ref142643604][bookmark: _Ref142659607][bookmark: _Ref146732503]Proposal 1: Adopt the following TP to TS 38.211.
	TS 38.211
-------------------------- Start of Text Proposal for TS 38.211 --------------------------
<Unchanged parts omitted>
6.3.1.5	Precoding
…
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 6.3.1.5-16: 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 6.3.1.5-20: 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 6.3.1.5-24: 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
	
	


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.211 --------------------------



What’s more, there is a typo in the Table 7.3.1.1.2-5E of the latest TS 38.212 [7], and we propose the following TP to TS 38.212.
[bookmark: _Ref146732506]Proposal 2: Adopt the following TP to TS 38.212.
	TS 38.212
-------------------------- Start of Text Proposal for TS 38.212 --------------------------
<Unchanged parts omitted>
7.3.1.1.2	Format 0_1
…
Table 7.3.1.1.2-5E: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled or maxRank=1 or 2 or 3 if transform precoder is disabled, CodebookType=Codebook1, ULcodebookFC-N1N2 = (4,1) or (2,2)
	Bit field mapped to index
	transform precoder is enableddisabled, or maxRank=1 if transform precoder is disabledenabled
	Bit field mapped to index
	transform precoder is disabled, and maxRank=2
	Bit field mapped to index
	transform precoder is disabled, and maxRank=3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15

	
	
	16
	2 layer2: TPMI=0
	16
	2 layer2: TPMI=0

	
	
	17
	2 layer2: TPMI=1
	17
	2 layer2: TPMI=1

	
	
	…
	…
	…
	…

	
	
	47
	2 layers: TPMI=31
	47
	2 layers: TPMI=31

	
	
	48-63
	reserved
	48
	3 layers: TPMI=0

	
	
	
	
	49
	3 layers: TPMI=1

	
	
	
	
	…
	…

	
	
	
	
	71
	3 layers: TPMI=23

	
	
	
	
	72-127
	reserved


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.212 --------------------------



Partially-coherent codebook
On the Rel-18 UL 8Tx partially-coherent codebook with Ng=2, there is a typo in the Table 6.3.1.5-44 of the latest TS 38.211 [6], and we propose the following TP to TS 38.211.
[bookmark: _Ref146732515]Proposal 3: Adopt the following TP to TS 38.211.
	TS 38.211
-------------------------- Start of Text Proposal for TS 38.211 --------------------------
<Unchanged parts omitted>
6.3.1.5	Precoding
…
Table 6.3.1.5-44: Intermediate precoding matrix  for codebook3 and six-layer transmission using eight antenna ports with transform precoding disabled.
	[bookmark: _Hlk145683720]TPMI index 
	Intermediate precoder matrix 

	0 – 7
	

	8 – 15
	

	16 – 79
	


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.211 --------------------------



Full power operation
In the RAN1#114 meeting [8], the following agreements were made on full power transmission. In this section, we will discuss some details and text proposals on full power Mode1 and Mode2.
	Agreement
For an 8TX UE, with Ng=2, configured for full power transmission with ‘fullpowerMode1’, at least following precoder is supported 
	Rank = 1

	


· FFS other additions

Agreement
For an 8TX UE, with Ng=4, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,
	Rank 1
	Rank 2
	Rank 4

	
	
	None


· FFS other additions

Agreement
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported,
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	
	FFS
	FFS


· FFS other additions
· Precoders for rank>4 are not introduced in Rel-18

Agreement
For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,





Mode1
To enable the full power transmission for Mode1, the fully/partially-coherent precoders can be introduced into the partially/non-coherent codebook to obtain a new codebook subset. In the RAN1#114 meeting [8], only 1 precoder is agreed for each rank. Note that in Rel-16 full power Mode1 transmission, 4 precoders are used for Rel-15 UL 4Tx partially-coherent codebook with Rank=1.
	Agreement RAN1#98b
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed



For partially-coherent UE with Ng=2 and Ng=4, since the relative phase can be maintained in the coherent antenna port group, it is reasonable to identify more than one precoders.
Rel-18 UL 8Tx partially-coherent codebook with Ng=2 and Rank=1
For partially-coherent UE with Ng=2 and Rank=1, the relative phase can only be maintained in the coherent antenna port group, i.e., the first antenna port group with ports {0,1,4,5} and the second antenna port group with ports {2,3,6,7}. When (N1,N2) = (2,2), as shown in Table 6, the precoders with the same colour are essentially equivalent, however, the precoders with different colours exhibit different performance theoretically. In theory, the first 8 precoders can achieve better performance by providing more degrees of freedom than a single-precoder case, i.e., 2 different beams ( and ) and 4 different co-phasing factors . When (N1,N2) = (4,1), as shown in Table 7, all the 16 precoders exhibit different performance theoretically.
[bookmark: _Ref142488712]Table 6 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) for 8Tx partially-coherent UE with Ng=2 and Rank=1.
	Index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(2,2)

	[bookmark: _Hlk142487139]i11
	0

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	1

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




[bookmark: _Ref142488714]Table 7 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) for 8Tx partially-coherent UE with Ng=2 and Rank=1.
	Index
	[bookmark: OLE_LINK15]Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(4,1)

	i11
	0
	1

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	2
	3

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




Fig 1 illustrates the performance of Rel-18 UL 8Tx fully-coherent codebook when transmitted by an 8Tx partially-coherent UE with (N1,N2,Ng)=(2,2,2). From this figure we can obtain that the first 8 precoders with different relative phases within antenna group achieve approximately 1.5dB gain over 1 precoder. However, using all the 16 precoders exhibit very similar performance as the first 8 precoders since the relative phase cannot be maintained between antenna port groups.
[image: ]
[bookmark: _Ref142468655]Fig 1 Performance of Rel-18 UL 8Tx fully-coherent codebook when transmitted by an 8Tx partially-coherent UE with (N1,N2,Ng)=(2,2,2).
Based on this, we support the following proposal.
[bookmark: _Ref142671819]Proposal 4: For full power Mode1, 8Tx partially-coherent UE with Ng=2 and Rank=1, consider new codebook subset includes,
· [bookmark: OLE_LINK8][bookmark: OLE_LINK2](N1,N2) = (4,1): TPMI = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 defined in Table 6.3.1.5-9 of the latest TS 38.211 (16 precoders)
· (N1,N2) = (2,2): TPMI = 0, 1, 2, 3, 4, 5, 6, 7 defined in Table 6.3.1.5-17 of the latest TS 38.211 (8 precoders)

Rel-18 UL 8Tx partially-coherent codebook with Ng=4 and Rank=1
For partially-coherent UE with Ng=4, the relative phase can only be maintained in the coherent antenna port group, i.e., the first antenna port group with ports {0,4}, the second antenna port group with ports {1,5}, the third antenna port group with ports {2,6}, and the fourth antenna port group with ports {3,7}.
For both (N1,N2) = (2,2) and (4,1), as shown in Table 8 and Table 9, respectively, the precoders with the same colour are essentially equivalent, however, the precoders with different colours exhibit different performance theoretically.
[bookmark: _Ref142491212][bookmark: OLE_LINK1]Table 8 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (2,2) for 8Tx partially-coherent UE with Ng=4 and Rank=1.
	Index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(2,1)

	i11
	0

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	1

	i12
	0
	1

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




[bookmark: _Ref142491216]Table 9 Rel-18 UL 8Tx fully-coherent codebook with (N1,N2) = (4,1) for 8Tx partially-coherent UE with Ng=4 and Rank=1.
	Index
	Rel-18 UL 8Tx fully-coherent codebook with Rank=1 and (N1,N2)=(4,1)

	i11
	0
	1

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	0-7
	

	

	

	

	

	

	

	


	i11
	2
	3

	i12
	0

	i2
	0
	1
	2
	3
	0
	1
	2
	3

	8-15
	

	

	

	

	

	

	

	




Based on this, we support the following proposal.
[bookmark: _Ref146732534]Proposal 5: For full power Mode1, 8Tx partially-coherent UE with Ng=4 and Rank=1, consider new codebook subset includes,
· (N1,N2) = (4,1): TPMI= 0, 1, 2, 3 defined in Table 6.3.1.5-9 of the latest TS 38.211 (4 precoders)
· (N1,N2) = (2,2): TPMI= 0, 1, 2, 3 defined in Table 6.3.1.5-17 of the latest TS 38.211 (4 precoders)

Rel-18 UL 8Tx partially-coherent codebook with Ng=4 and Rank=2
For Ng=4 and Rank=2, the Rel-18 UL 8Tx partially-coherent precoders with Ng=2 can be used. As shown in Table 10, the Rel-15 UL 4Tx fully-coherent precoders used for generating Rel-18 UL 8Tx partially-coherent precoders with Ng=2 can be selected as TPMI = 12, 13, 14, 15, which results in 16 precoders.
[bookmark: _Ref142491804]Table 10 Rel-15 UL 4Tx fully-coherent codebook with Rank=1.
	TPMI index
	Rel-15 UL 4Tx fully-coherent codebook with Rank=1

	12 – 19
	

	

	

	

	

	

	

	


	20 – 27
	

	

	

	

	

	

	

	




Based on this, we support the following proposal.
[bookmark: _Ref146732536]Proposal 6: For full power Mode1, 8Tx partially-coherent UE with Ng=4 and Rank=2, consider new codebook subset includes TPMI = 16, 17, 18, 19, 32, 33, 34, 35, 48, 49, 50, 51, 64, 65, 66, 67 defined in Table 6.3.1.5-29 of the latest TS 38.211 (16 precoders)

Rel-18 UL 8Tx non-coherent codebook with Ng=8 and Rank=4
For non-coherent UE with Ng=8, there is an FFS on Rank=4. Since the relative phase cannot be maintained between any two antenna port, it is reasonable to introduce 1 precoder for Rank=4, i.e., .
[bookmark: _Ref146732540][bookmark: _Ref142671828]Proposal 7: For full power Mode1, 8Tx non-coherent UE with Ng=8 and Rank=4, support the precoder .
On the text proposal for full power Mode1 transmission, we propose the following TP to TS 38.212 to capture the full power precoder for Ng=4 and Ng=8 when Rank=3.
[bookmark: _Ref146732543]Proposal 8: Adopt the following TP to TS 38.212.
	TS 38.212
-------------------------- Start of Text Proposal for TS 38.212 --------------------------
<Unchanged parts omitted>
7.3.1.1.2	Format 0_1
…
Table 7.3.1.1.2-5M: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 2, 3 or 4, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	maxRank = 2
	Bit field mapped to index
	maxRank = 3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	…
	…
	…
	…

	7
	1 layer: TPMI=7
	7
	1 layer: TPMI=7

	8
	2 layers: TPMI=8
	8
	2 layers: TPMI=8

	…
	…
	…
	…

	35
	2 layers: TPMI=35
	35
	2 layers: TPMI=35

	36
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	36
	3 layers: TPMI=36

	37
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	…
	…

	38-63
	reserved
	91
	3 layers: TPMI=91

	
	
	92
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]

	
	
	93
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]

	
	
	94
	3 layers: 
TPMI=304 in Table 6.3.1.5-41 of [4, TS 38.211]

	
	
	95-127
	reserved



Table 7.3.1.1.2-5P: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled, or maxRank = 1, 2, 3 or 4 if transform precoder is disabled, CodebookType=Codebook3, and ul-FullPowerTransmission is configured to fullpowerMode1 
	Bit field mapped to index
	Transform precoder is enabled, or maxRank = 1 if transform precoder is disabled
	Bit field mapped to index
	transform precoder is disabled and maxRank = 2
	Bit field mapped to index
	transform precoder is disabled and maxRank = 3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	…
	…
	…
	…
	…
	…

	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15

	16
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	16
	2 layers: TPMI=0
	16
	2 layers: TPMI=0

	17-31
	reserved
	…
	…
	…
	…

	
	
	119
	2 layers: TPMI=103
	119
	2 layers: TPMI=103

	
	
	120
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	120
	3 layers: TPMI=0

	
	
	121
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	…
	…

	
	
	122-127
	reserved
	423
	3 layers: TPMI=303

	
	
	
	
	424
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]

	
	
	
	
	425
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]

	
	
	
	
	426
	3 layers: 
TPMI=304 in Table 6.3.1.5-41 of [4, TS 38.211]

	
	
	
	
	427-511
	reserved


…
[bookmark: OLE_LINK7]<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.212 --------------------------



Mode2
On the full power Mode2, we propose the following TP to the latest TS 38.214 [9] to avoid the 'fullpowerMode1' and 'Codebook1' are configured simultaneously.
[bookmark: _Ref146732547]Proposal 9: Adopt the following TP to TS 38.214.
	[bookmark: _Hlk146732732]TS 38.214
-------------------------- Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>
6.1.1.1	Codebook based UL transmission
…
A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and codebookSubset or codebookSubsetDCI-0-2 set to 'fullAndPartialAndNonCoherent' simultaneously.

A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and CodebookType set to 'Codebook1' simultaneously.

The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource(s) indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.214 --------------------------



Conclusion
In this discussion, we provide our views on the SRI/TPMI enhancements on the 8Tx uplink transmission, our proposals are as follows.
Proposal 1: Adopt the following TP to TS 38.211.
	TS 38.211
-------------------------- Start of Text Proposal for TS 38.211 --------------------------
<Unchanged parts omitted>
6.3.1.5	Precoding
…
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 6.3.1.5-16: 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 6.3.1.5-20: 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 6.3.1.5-24: 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
	
	


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.211 --------------------------



Proposal 2: Adopt the following TP to TS 38.212.
	TS 38.212
-------------------------- Start of Text Proposal for TS 38.212 --------------------------
<Unchanged parts omitted>
7.3.1.1.2	Format 0_1
…
Table 7.3.1.1.2-5E: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled or maxRank=1 or 2 or 3 if transform precoder is disabled, CodebookType=Codebook1, ULcodebookFC-N1N2 = (4,1) or (2,2)
	Bit field mapped to index
	transform precoder is enableddisabled, or maxRank=1 if transform precoder is disabledenabled
	Bit field mapped to index
	transform precoder is disabled, and maxRank=2
	Bit field mapped to index
	transform precoder is disabled, and maxRank=3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15

	
	
	16
	2 layer2: TPMI=0
	16
	2 layer2: TPMI=0

	
	
	17
	2 layer2: TPMI=1
	17
	2 layer2: TPMI=1

	
	
	…
	…
	…
	…

	
	
	47
	2 layers: TPMI=31
	47
	2 layers: TPMI=31

	
	
	48-63
	reserved
	48
	3 layers: TPMI=0

	
	
	
	
	49
	3 layers: TPMI=1

	
	
	
	
	…
	…

	
	
	
	
	71
	3 layers: TPMI=23

	
	
	
	
	72-127
	reserved


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.212 --------------------------



Proposal 3: Adopt the following TP to TS 38.211.
	TS 38.211
-------------------------- Start of Text Proposal for TS 38.211 --------------------------
<Unchanged parts omitted>
6.3.1.5	Precoding
…
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
	


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.211 --------------------------



Proposal 4: For full power Mode1, 8Tx partially-coherent UE with Ng=2 and Rank=1, consider new codebook subset includes,
· (N1,N2) = (4,1): TPMI = 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 defined in Table 6.3.1.5-9 of the latest TS 38.211 (16 precoders)
· (N1,N2) = (2,2): TPMI = 0, 1, 2, 3, 4, 5, 6, 7 defined in Table 6.3.1.5-17 of the latest TS 38.211 (8 precoders)
Proposal 5: For full power Mode1, 8Tx partially-coherent UE with Ng=4 and Rank=1, consider new codebook subset includes,
· (N1,N2) = (4,1): TPMI= 0, 1, 2, 3 defined in Table 6.3.1.5-9 of the latest TS 38.211 (4 precoders)
· (N1,N2) = (2,2): TPMI= 0, 1, 2, 3 defined in Table 6.3.1.5-17 of the latest TS 38.211 (4 precoders)
Proposal 6: For full power Mode1, 8Tx partially-coherent UE with Ng=4 and Rank=2, consider new codebook subset includes TPMI = 16, 17, 18, 19, 32, 33, 34, 35, 48, 49, 50, 51, 64, 65, 66, 67 defined in Table 6.3.1.5-29 of the latest TS 38.211 (16 precoders)
Proposal 7: For full power Mode1, 8Tx non-coherent UE with Ng=8 and Rank=4, support the precoder .
Proposal 8: Adopt the following TP to TS 38.212.
	TS 38.212
-------------------------- Start of Text Proposal for TS 38.212 --------------------------
<Unchanged parts omitted>
7.3.1.1.2	Format 0_1
…
Table 7.3.1.1.2-5M: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 2, 3 or 4, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	maxRank = 2
	Bit field mapped to index
	maxRank = 3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	…
	…
	…
	…

	7
	1 layer: TPMI=7
	7
	1 layer: TPMI=7

	8
	2 layers: TPMI=8
	8
	2 layers: TPMI=8

	…
	…
	…
	…

	35
	2 layers: TPMI=35
	35
	2 layers: TPMI=35

	36
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	36
	3 layers: TPMI=36

	37
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	…
	…

	38-63
	reserved
	91
	3 layers: TPMI=91

	
	
	92
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]

	
	
	93
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]

	
	
	94
	3 layers: 
TPMI=304 in Table 6.3.1.5-41 of [4, TS 38.211]

	
	
	95-127
	reserved



Table 7.3.1.1.2-5P: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled, or maxRank = 1, 2, 3 or 4 if transform precoder is disabled, CodebookType=Codebook3, and ul-FullPowerTransmission is configured to fullpowerMode1 
	Bit field mapped to index
	Transform precoder is enabled, or maxRank = 1 if transform precoder is disabled
	Bit field mapped to index
	transform precoder is disabled and maxRank = 2
	Bit field mapped to index
	transform precoder is disabled and maxRank = 3

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	…
	…
	…
	…
	…
	…

	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15
	15
	1 layer: TPMI=15

	16
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	16
	2 layers: TPMI=0
	16
	2 layers: TPMI=0

	17-31
	reserved
	…
	…
	…
	…

	
	
	119
	2 layers: TPMI=103
	119
	2 layers: TPMI=103

	
	
	120
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
	120
	3 layers: TPMI=0

	
	
	121
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	…
	…

	
	
	122-127
	reserved
	423
	3 layers: TPMI=303

	
	
	
	
	424
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]

	
	
	
	
	425
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]

	
	
	
	
	426
	3 layers: 
TPMI=304 in Table 6.3.1.5-41 of [4, TS 38.211]

	
	
	
	
	427-511
	reserved


…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.212 --------------------------



Proposal 9: Adopt the following TP to TS 38.214.
	TS 38.214
-------------------------- Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>
6.1.1.1	Codebook based UL transmission
…
A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and codebookSubset or codebookSubsetDCI-0-2 set to 'fullAndPartialAndNonCoherent' simultaneously.

A UE shall not expect to be configured with higher layer parameter ul-FullPowerTransmission set to 'fullpowerMode1' and CodebookType set to 'Codebook1' simultaneously.

The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource(s) indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to clause 6.1.2.3.
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.214 --------------------------
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	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 kHz

	System bandwidth
	20 MHz

	Scheduled PRBs
	50 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(2,2,2,1,1,2,2) with (dH, dV) = (0.5, 0.5)λ

	UE TX antenna configuration (N1,N2)
	(2,2) with 0.5λ

	UE speed
	3 km/h

	Number of Layers
	Fixed

	Modulation
	QPSK

	Code Rate
	0.4385

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-C (300ns)

	Receiver
	MMSE
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