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1. [bookmark: _Ref521334010]Introduction
Enhancements of SRI/TPMI for 8TX UL transmission have been discussed in previous RAN1 meetings [1]-[8]. 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 this contribution, remaining issues on codebook design and full power transmission for UL 8TX operation are discussed, and several TPs are provided.
2. UL 8TX codebook design
In the last a few RAN1 meetings, the following agreements were achieved on UL 8TX partial-coherent codebook with Ng = 2:
	For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS: whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt 1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt 2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	
	(4,4)

	2
	(2,0), (0,2)
	

	2
	
	(1,1)

	3
	(3,0), (0,3)
	

	3
	
	(2,1), (1,2)

	4
	(4,0), (0,4)
	

	4
	
	(2,2)

	5
	
	 (2,3)

	6
	
	(3,3)

	7
	
	 (3,4)





For an 8TX precoding matrix generated with two Rel-15 UL 4TX full-coherent precoding matrices for rank 3/5/7, since the numbers of layers that split to two antenna groups are not equal, the precoding matrix cannot keep constant modulus property. 
In order to keep constant modulus property for a UL 8TX partially coherent transmission, the design of precoders for Rel-15 UL 4TX partial-coherent codebook for rank 3 can be referred to. In Rel-15, a partial-coherent precoding matrix for rank 3 is generated with a UL 2TX full-coherent precoder for rank 1 and a UL 2TX non-coherent precoder for rank 2. Similarly, an UL 8TX partial-coherent precoding matrix for rank 3 can be constructed from a UL 4TX full-coherent precoder for rank 1 and a UL 4TX partial-coherent precoder for rank 2, as shown as Alt 2 in Table 1. Then the constant modulus property of UL 8TX partial-coherent codebook can be kept.
[bookmark: _Ref131121085]Table 1: Structures of partial-coherent precoders for rank 3
	
	Alt 1
	Alt 2

	Rank 3
	 , 
Where
 and 
	, 
Where
 and 

	Number of TPMIs
	16*8*2=256
	16*8*2=256


[image: ]
[bookmark: _Ref131121730]Figure 1: Performance comparison of partial-coherent codebooks for rank 3
In Figure 1, performance comparison of two codebooks designed for rank-3 is provided, with the two codebooks shown in Table 1. For Alt 1, the UL 8TX rank-3 partial-coherent precoders are generated based on two Rel-15 UL 4Tx full-coherent precoders. For Alt 2, the UL 8TX rank-3 partial-coherent precoders are generated based on one Rel-15 UL 4Tx rank-1 full-coherent precoders and one Rel-15 UL 4Tx rank-2 partial-coherent precoders. The percoders in Alt 2 can keep constant modulus property while Alt 1 cannot. As shown in Figure 1, comparable performance can be achieved by Alt 1 and Alt 2. Therefore, for partial-coherent precoding for an UL 8TX UE with rank 3, the precoders  generated by a UL 4TX rank-1 full-coherent precoder and a UL 4TX rank-2 partial-coherent precoder is preferred. Such precoder construction can also resolve the power imbalance issue raised for full power transmission enhancement for 8TX transmission. 
The principle can be extended to rank 5 and rank 7. For rank 5, constant modulus property can be kept by generating the precoder with a rank-2 UL 4TX partial-coherent precoder and a rank-3 UL 4TX partial-coherent precoder. For rank 7, constant modulus property can be kept by generating the precoder with a rank-3 UL 4TX partial-coherent precoder and a rank-4 UL 4TX non-coherent precoder.
[bookmark: _Ref134871254]Proposal 1: For partially coherent uplink precoding by an 8TX UE codebook, Ng = 2, consider following precoding designs:
· For rank = 3, precoding design is based on Rel-15 UL 4TX codebook with a rank-1 full-coherent precoder and a rank-2 partial-coherent precoder used;
· For rank = 5, precoding design is based on Rel-15 UL 4TX codebook with a rank-2 partial-coherent precoder and a rank-3 partial-coherent precoder used;
· For rank 7, precoding design is based on Rel-15 UL 4TX codebook with a rank-3 partial-coherent precoder and a rank-4 non-coherent precoder used.
3. Full power transmission
In RAN1 #114 meeting, following agreements have been achieved regarding the full power mode1 (FTxP Mode 1) enhancement for codebook-based UL transmission [2]:
	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,




Remaining issue for full power PUSCH transmission enhancement is the design of potential precoders for FTxP Mode 1 regarding the FFS parts. 
Based on the current agreement, for FTxP Mode 1 by an 8TX UE, the TPMIs for the following rank values for each codebook subset are still open:
· 8Tx codebook subset with Ng = 8: rank = 4;
· 8Tx codebook subset with Ng = 2: rank  = 1;
· 8Tx codebook subset with Ng = 4: rank = 1~2.
For a UE with Ng = 8, UE is not capable of maintaining relative phase of antenna ports according to TPMIs, therefore only one additional TPMI for each rank that capable of producing full power transmission is needed. For rank = 4, either precoders for Ng =1, Ng =2 or Ng =4 are capable of producing full power transmission. Since the UE is not capable of maintaining relative phase of antenna ports according to TPMIs, adding a precoder for Ng = 1/2 is not expected to achieve better performance than adding a precoder for Ng = 4 for 8Tx codebook subset with Ng = 8 for Rel-18 FTxP Mode 1. Therefore, we prefer to add one precoder for Ng = 4.
Proposal 2: For an 8TX UE, with Ng = 8, configured for full power transmission with ‘fullpowerMode1’,  the following precoder is supported for rank 4：
.
For a UE with Ng = 2 and 4, it is capable of maintaining relative phase of antenna ports in the same coherent group, but not capable of maintaining relative phase of antenna ports cross coherent groups. Therefore, for a given rank, compared to only including one TPMI that can produce full power transmission, including multiple TPMIs with different co-phasing profile across antenna ports in the same coherent group is expected to have better performance.
For rank = 1, only precoders for Ng = 1 are capable of producing full power transmission. Therefore, TPMIs for Ng = 1 can be considered for the codebook subset for Ng = 2 and 4 for Rel-18 FTxP Mode 1 UL 8Tx.
For UL 8Tx codebook subset with Ng = 1, two different codebook subsets are designed for the following two pairs of (N1, N2) values, respectively:
•	(N1, N2) = (4, 1);
•	(N1, N2) = (2, 2).
In TS 38.211, the codebook subset for Ng = 1 for the two pairs of (N1, N2) values for rank = 1 are as follows, where Table 6.3.1.5-9 is for (N1, N2) = (4, 1) and Table 6.3.1.5-17 is for (N1, N2) = (2, 2):
	Table 6.3.1.5-9: Precoding matrix  type B with one antenna group for 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 6.3.1.5-17: Precoding matrix  type C with one antenna group for single-layer transmission using eight antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	





It can be observed from the tables that 
· The precoders for TPMI = 0~3 are the same in the two tables, while the precoders for TPMI = 8~11 in Table 6.3.1.5-9 are the same as the precoders for TPMI = 4~7 inTable 6.3.1.5-17.
· For an  8Tx UE with Ng = 2, compared  to the precoders in Table 6.3.1.5-9, the precoders in Table 6.3.1.5-17  include more co-phasing combinations of antenna ports in the same coherent group for the two coherent group;
· For an 8Tx UE with Ng = 4, TPMI = 0~3 can cover all co-phasing combinations of antenna ports in the same coherent group for all coherent groups.
Based on the observation and the current agreement, we propose to consider one of the following alternatives for adding new precoders for rank = 1 of codebook subset with Ng = 2 for Rel-18 FTxP Mode 1:
· Alt 1: All of the precoders included in both Table 6.3.1.5-9 and Table 6.3.1.5-17, i.e., precoders  correspond to TPMI =  0~7 in Table 6.3.1.5-17;
· Alt 2: Precoders  correspond to TPMI =  0~3 in Table 6.3.1.5-9 ( also be TPMI = 0~3 in Table 6.3.1.5-17);
Since precoder corresponds to TPMI =  0 in Table 6.3.1.5-17 has already been supported, we have the following proposal:
Proposal 3: For an 8TX UE, with Ng = 2, configured for full power transmission with ‘fullpowerMode1’,  one of the following alternatives is supported for rank 1：
· Alt 1: The following precoders are additionally supported:
	
	
	
	
	
	
	


· Alt 2: The following precoders are additionally supported:
	
	
	


Similarly, for rank = 1 of codebook subset with Ng = 4 for Rel-18 FTxP Mode 1, the following precoders can be additionally supported:
· Precoders  correspond to TPMI =  1~3 in Table 6.3.1.5-9 ( also be TPMI = 1~3 in Table 6.3.1.5-17).
For rank = 2, both precoders for Ng = 1 and Ng = 2 are capable of producing full power transmission. Since a 8Tx UE with Ng = 4 is not capable of maintaining relative phase of antenna ports according to TPMIs, adding a precoder for Ng = 1 for the codebook subset with Ng = 4 for Rel-18 FTxP Mode 1 is not expected to achieve better performance than adding a precoder for Ng = 2. Therefore, TPMIs for Ng = 2 can be considered. For rank = 2 of codebook subset with Ng = 4 for Rel-18 FTxP Mode 1, the following precoders can be additionally supported:


Proposal 4: For an 8TX UE, with Ng = 4, configured for full power transmission with ‘fullpowerMode1’,  the following precoders are additionally supported for rank 1,
	
	
	


Proposal 5: For an 8TX UE, with Ng = 4, configured for full power transmission with ‘fullpowerMode1’,  the following precoders are additionally supported for rank 2:
.
4. TPs on 8Tx UL transmission
TP 1: TP for determine the precoding matrix  for transmissions using 8 antenna ports in TS 38.211.
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:
Clarified 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
--------------------------------------- Start of TP for TS38.211------------------------------------------
[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 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>
--------------------------------------- End of TP for TS38.211----------------------------------------

TP 2: TP on codebook subset for UL 8Tx with Ng =4, ‘fullpowerMode1’ configured
Reason for change:
In TS 38.212, the table of codebook subset for UL 8Tx with Ng = 4, maxRank = 4 and‘fullpowerMode1’ configured is missing. In RAN1 #114 meeting, it was agreed that none precoder is added for rank = 4 for UL 8TX with Ng = 4 and full power transmission with ‘fullpowerMode1’. Therefore, for UL 8TX with Ng = 4, maxRank = 4 and ‘fullpowerMode1’ configured, the same codebook subset as that for UL 8TX with Ng = 4, maxRank = 4 and ul-FullPowerTransmission not configured should be used.
Summary for change:
 Add the codebook subset for UL 8TX with Ng = 4, maxRank  = 4 and ‘fullpowerMode1’ configured in TS 38.212. 
Consequences if not approved
The codebook subset for UL 8TX with Ng = 4, maxRank = 4 is not specified when full power transmission with ‘fullpowerMode1’ is configured.
Proposed TP
--------------------------------------- Start of TP for TS38.212------------------------------------------
7.3.1.1.2	Format 0_1
<Unrelated part omitted>
-	Precoding information and number of layers – number of bits determined by the following:
<Unrelated part omitted>
-	5, 7 or 9 bits according to Table 7.3.1.1.2-5P for 8 antenna ports, if CodebookType=Codebook3, transform precoder is enabled or maxRank =1, 2, or 3, or 4 if transform precoder is disabled, ul-FullPowerTransmission is configured to fullpowerMode1, and according to transform precoder and maxRank;
<Unrelated part omitted>	
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
	Bit field mapped to index
	transform precoder is disabled and maxRank = 4

	0
	1 layer: TPMI=0
	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
	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
	16
	2 layers: TPMI=0

	17-31
	reserved
	…
	…
	…
	…
	…
	…

	
	
	119
	2 layers: TPMI=103
	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
	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
	423
	3 layers: TPMI=303

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

	
	
	
	
	425
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	Bit field mapped to index
	transform precoder is disabled and maxRank = 4

	
	
	
	
	426
	3 layers: 
	0
	1 layer: TPMI=0

	
	
	
	
	427-511
	reserved
	…
	…

	
	
	
	
	
	
	…
	…

	
	
	
	
	
	
	703
	4 layers: TPMI=279

	
	
	
	
	
	
	704-1024
	reserved


<Unrelated part omitted>
--------------------------------------- End of TP for TS38.212----------------------------------------

5. Conclusions
In this contribution, we provided our views on remaining issues for the enhancements for enabling UL 8TX and several TPs. We have the following proposals and TPs:
Proposal 1: For partially coherent uplink precoding by an 8TX UE codebook, Ng = 2, consider following precoding designs:
· For rank = 3, precoding design is based on Rel-15 UL 4TX codebook with a rank-1 full-coherent precoder and a rank-2 partial-coherent precoder used;
· For rank = 5, precoding design is based on Rel-15 UL 4TX codebook with a rank-2 partial-coherent precoder and a rank-3 partial-coherent precoder used;
· For rank 7, precoding design is based on Rel-15 UL 4TX codebook with a rank-3 partial-coherent precoder and a rank-4 non-coherent precoder used.
Proposal 2: For an 8TX UE, with Ng = 8, configured for full power transmission with ‘fullpowerMode1’,  the following precoder is supported for rank 4：
.
Proposal 3: For an 8TX UE, with Ng = 2, configured for full power transmission with ‘fullpowerMode1’,  one of the following alternatives is supported for rank 1,
· Alt 1: The following precoders are additionally supported:
	
	
	
	
	
	
	


· Alt 2: The following precoders are additionally supported:
	
	
	


Proposal 4: For an 8TX UE, with Ng = 4, configured for full power transmission with ‘fullpowerMode1’,  the following precoders are additionally supported for rank 1,
	
	
	



Proposal 5: For an 8TX UE, with Ng = 4, configured for full power transmission with ‘fullpowerMode1’,  the following precoders are additionally supported for rank 2:
.
Proposed TP 1：
--------------------------------------- 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 6.3.1.5-47 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>
--------------------------------------- End of TP for TS38.211----------------------------------------

Proposed TP 2:
--------------------------------------- Start of TP for TS38.212------------------------------------------
7.3.1.1.2	Format 0_1
<Unrelated part omitted>
-	Precoding information and number of layers – number of bits determined by the following:
<Unrelated part omitted>
-	5, 7 or 9 bits according to Table 7.3.1.1.2-5P for 8 antenna ports, if CodebookType=Codebook3, transform precoder is enabled or maxRank =1, 2, or 3, or 4 if transform precoder is disabled, ul-FullPowerTransmission is configured to fullpowerMode1, and according to transform precoder and maxRank;
<Unrelated part omitted>
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
	Bit field mapped to index
	transform precoder is disabled and maxRank = 4

	0
	1 layer: TPMI=0
	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
	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
	16
	2 layers: TPMI=0

	17-31
	reserved
	…
	…
	…
	…
	…
	…

	
	
	119
	2 layers: TPMI=103
	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
	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
	423
	3 layers: TPMI=303

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

	
	
	
	
	425
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
	Bit field mapped to index
	transform precoder is disabled and maxRank = 4

	
	
	
	
	426
	3 layers: 
	0
	1 layer: TPMI=0

	
	
	
	
	427-511
	reserved
	…
	…

	
	
	
	
	
	
	…
	…

	
	
	
	
	
	
	703
	4 layers: TPMI=279

	
	
	
	
	
	
	704-1024
	reserved


<Unrelated part omitted>
--------------------------------------- End of TP for TS38.212----------------------------------------
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