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1. Introduction
In RAN1 #114 meeting, the following agreements were reached on SRI/TPMI enhancement for 8Tx UL, especially on full power Mode 1 operation [1].
	[bookmark: _Hlk118475247]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,




In this contribution, we provide some discussions on the remaining issues for 8Tx uplink transmission in Rel-18.
2. Discussion on remaining issues for 8Tx UL

2.1 TPMI indication
In spec TS38.212 [2], different tables are defined for TPMI indication of 8-port precoders in different cases. However, there is some editorial typo in the following tables.

In the title of the two tables below, maxRank=4 is included, but in the tables, there is no column for maxRank=4. Therefore, the case of maxRank=4 in the title of the tables should be removed.

	
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: 

	
	
	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: 

	
	
	
	
	427-511
	reserved






Proposal 1:
· Adopt TP #1 as below to TS 38.212.
	TP #1
--------------------------------
Section 7.3.1.1.2
…
Table 7.3.1.1.2-5M: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 2, or 3 or 4, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
…
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, or 3 or 4 if transform precoder is disabled, CodebookType=Codebook3, and ul-FullPowerTransmission is configured to fullpowerMode1 
…



2.2 Dual codewords operation

In Rel-18, up to 8 layers could be supported for PUSCH transmission for UE with 8Tx. And dual codewords operation is introduced for Rank>4.

Correspondingly, in DCI 0_1, dual codewords operation is supported. For DCI format 0_2, it was agreed that the dual codewords operation is not supported, following the DL principle.

In Rel-18, DCI format 0_3 is introduced which is used to scheduling PUSCH transmission over multiple cells. However, in the current spec, only one transport block is supported for DCI 0_3, as shown in below table.

	7.3.1.1.4	Format 0_3
…
-	Modulation and coding scheme – number of bits determined by the following:
-	block number 1, block number 2,…, block number 
Each block corresponds to the modulation and coding scheme for a scheduled cell, and the blocks are placed according to an ascending order of a serving cell index, with block number 1 corresponding to the modulation and coding scheme for the cell with the smallest serving cell index. Each block is 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214].    
-	New data indicator – number of bits determined by the following:
-	block number 1, block number 2,…, block number 
Each block corresponds to the new data indicator for a scheduled cell, and the blocks are placed according to an ascending order of a serving cell index, with block number 1 corresponding to the new data indicator for the cell with the smallest serving cell index. Each block is 1 bit.    
-	Redundancy version – number of bits determined by the following:
-	block number 1, block number 2,…, block number 
Each block corresponds to the redundancy version for a scheduled cell, and the blocks are placed according to an ascending order of a serving cell index, with block number 1 corresponding to the redundancy version for the cell with the smallest serving cell index. Each block is 0, 1 or 2 bits determined by higher layer parameter numberOfBitsForRV-DCI-0-3 configured for the cell correponding to the block,     
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1;
-	2 bits according to Table 7.3.1.1.1-2. 
…



With DCI 0_3, it’s more flexible for PUSCH transmission, since the transmission over multiple CCs can be scheduled by one DCI. It’s beneficial to support dual codewords operation in DCI 0_3.

Therefore, we have the following proposal.
Proposal 2:
· Support dual codewords operation in DCI 0_3 for UE with 8Tx.

2.2 Full power operation
2.2.1 Full power Mode 1
For full power Mode 1 operation, one remaining issue is for non-coherent UE (Ng=8), whether to introduce additional Rank-4 precoder for full power transmission.

In our view, for non-coherent UE, the Rank-4 full power transmission could be achieved by using all the eight antennas. Additional partial coherent precoder of Ng=4 could be introduced for full power transmission for Rank-4, for example, the precoder as below.


Proposal 3:
· For full power Mode 1 operation, the following Rank-4 precoder could be supported by non-coherent UE (Ng=8):


2.2.2 Full power Mode 2

For full power Mode 2, it has been agreed that the SRS resources in the SRS resource set could be configured with different number of ports, e.g., 1/2/4/8 ports.

For 8Tx uplink transmission, the value of the parameter maxRank could be up to 8. If the maxRank is configured to be larger than 4, when the 4-port SRS resource is indicated, maxRank=4 should be assumed for the TPMI indication. If the maxRank is configured to be larger than 2, when the 2-port SRS resource is indicated, maxRank=2 should be assumed for TPMI indication.

Therefore, we have the following proposal and TP.

Proposal 4:
· For full power Mode 2 operation, if the SRS resources in the SRS resource set is configured with different number of ports and at least one SRS resource is 8-port,
· If maxRank is configured to be larger than 4, then maxRank=4 should be assumed for TPMI indication when the 4-port SRS resource is indicated.
· If maxRank is configured to be larger than 2, then maxRank=2 should be assumed for TPMI indication when the 2-port SRS resource is indicated.
Proposal 5:
· Adopt TP #2 as below to TS 38.212.

	TP #2
--------------------------------
Section 7.3.1.1.2
…
For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2, maxRank is configured to be larger than 2, and at least one SRS resource with 4 antenna ports or 8 antenna ports is configured in the SRS resource set indicated by SRS resource set indicator field if present, otherwise in an SRS resource set with usage set to 'codebook', and an SRS resource with 2 antenna ports is indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-4 is used.
For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2, maxRank is configured to be larger than 4, and at least one SRS resource with 8 antenna ports is configured in the SRS resource set indicated by SRS resource set indicator field if present, otherwise in an SRS resource set with usage set to 'codebook', and an SRS resource with 4 antenna ports is indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-2 is used.
…



In Rel-16, for full power Mode 2 operation, the UE should report the TPMIs supporting full power transmission. For full coherent UE, the TPMI reporting is the same as partial coherent UE.

In Rel-18, similar scheme can be used for full coherent UE supporting full power Mode 2. The TPMI reporting could be the same as partial coherent UE with two antenna groups (Ng=2).

Proposal 6:
· For full power Mode 2 operation, the TPMI reporting for full coherent UE is the same as partial coherent UE with two antenna groups (Ng=2).

In RAN1 #114 meeting, the UE capability for partial coherent UE with four antenna groups (Ng=4) supporting full power Mode 2 has been discussed. However, consensus can’t be reached. The groups indicating supporting full power has been discussed in RAN1 #114 meeting, as shown in Table 1.

[bookmark: _Ref146660718]Table 1 Group reporting of full power capability for partial coherent UE with Ng=4
	Indicated Groups
	Supported layer-splitting cases for Ng=4

	Group1
	(x, 0, 0, 0)

	Group2
	(0, x, 0, 0)

	Group3
	(0, 0, x, 0)

	Group4
	(0, 0, 0, x)

	Group5
	(x, x, 0, 0)

	Group6
	(x, 0, x, 0)

	Group7
	(x, 0, 0, x)

	Group8
	(0, x, x, 0)

	Group9
	(0, x, 0, x)

	Group10
	(0, 0, x, x) 

	Group11
	(x, x, x, 0)

	Group12
	(x, x, 0, x)

	Group13
	(x, 0, x, x)

	Group14
	(0, x, x, x)



Although using 14 groups as shown in Table 1 can provide flexibility on supported UE PA architectures, the overhead is a bit large. In addition, the relationship/restriction among some groups is not clear. For example, if the UE reports supporting Group 5, whether the UE should also report supporting Group 1 and Group 2, and vice versa.

In our view, in order to reduce the overhead, and meanwhile maintain flexibility, the 14 groups could be split into 3 categories. The first category contains Group 1 to Group 4, which means full power could be achieved via one antenna group. The second category contains Group 5 to Group 10, which means two antenna groups are used to deliver full power. The third category contains Group 11 to Group 14, which means three antenna groups are used to deliver full power.

The UE supporting the first category can also report supporting the second category and the third category. The UE supporting the second category can also report supporting the third category. Table 2 illustrates the categorization.
[bookmark: _Ref146662001]Table 2 Category based reporting for partial coherent UE (Ng=4) supporting full power Mode 2
	Category #1
Full power can be delivered using one antenna group.
UE supporting Category #1 can also support Category #2 and Category #3.
	Group1
	(x, 0, 0, 0)

	
	Group2
	(0, x, 0, 0)

	
	Group3
	(0, 0, x, 0)

	
	Group4
	(0, 0, 0, x)

	Category #2
Full power can be delivered using two antenna groups.
UE supporting Category #2 can also support Category #3.
	Group5
	(x, x, 0, 0)

	
	Group6
	(x, 0, x, 0)

	
	Group7
	(x, 0, 0, x)

	
	Group8
	(0, x, x, 0)

	
	Group9
	(0, x, 0, x)

	
	Group10
	(0, 0, x, x) 

	Category #3
Full power can be delivered using three antenna groups.
	Group11
	(x, x, x, 0)

	
	Group12
	(x, x, 0, x)

	
	Group13
	(x, 0, x, x)

	
	Group14
	(0, x, x, x)



In this way, for the UE with PA architecture [23 23 23 23 14 14 14 14] dBm, it will report Group 1 and Group 2 for Category #1, Group 5 for Category #2. For UE with PA architecture [17 17 17 17 14 14 14 14] dBm, it can report only Group 5 for Category #2.

Hence, we have the following proposal.

Proposal 7:
· For partial coherent UE with Ng=4 supporting full power Mode 2, support the categorization as shown in Table 2 for full power capability reporting.

3. Conclusion
In conclusion, we have the following proposals on 8Tx UL enhancements in Rel-18.

Proposal 1:
· Adopt TP #1 as below to TS 38.212.
	TP #1
--------------------------------
Section 7.3.1.1.2
…
Table 7.3.1.1.2-5M: Precoding information and number of layers, for 8 antenna ports, if transform precoder is disabled, maxRank = 2, or 3 or 4, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
…
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, or 3 or 4 if transform precoder is disabled, CodebookType=Codebook3, and ul-FullPowerTransmission is configured to fullpowerMode1 
…



Proposal 2:
· Support dual codewords operation in DCI 0_3 for UE with 8Tx.
Proposal 3:
· For full power Mode 1 operation, the following Rank-4 precoder could be supported by non-coherent UE (Ng=8):

Proposal 4:
· For full power Mode 2 operation, if the SRS resources in the SRS resource set is configured with different number of ports and at least one SRS resource is 8-port,
· If maxRank is configured to be larger than 4, then maxRank=4 should be assumed for TPMI indication when the 4-port SRS resource is indicated.
· If maxRank is configured to be larger than 2, then maxRank=2 should be assumed for TPMI indication when the 2-port SRS resource is indicated.
Proposal 5:
· Adopt TP #2 as below to TS 38.212.

	TP #2
--------------------------------
Section 7.3.1.1.2
…
For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2, maxRank is configured to be larger than 2, and at least one SRS resource with 4 antenna ports or 8 antenna ports is configured in the SRS resource set indicated by SRS resource set indicator field if present, otherwise in an SRS resource set with usage set to 'codebook', and an SRS resource with 2 antenna ports is indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-4 is used.
For the higher layer parameter txConfig=codebook, if ul-FullPowerTransmission is configured to fullpowerMode2, maxRank is configured to be larger than 4, and at least one SRS resource with 8 antenna ports is configured in the SRS resource set indicated by SRS resource set indicator field if present, otherwise in an SRS resource set with usage set to 'codebook', and an SRS resource with 4 antenna ports is indicated via SRI in the same SRS resource set, then Table 7.3.1.1.2-2 is used.
…



Proposal 6:
· For full power Mode 2 operation, the TPMI reporting for full coherent UE is the same as partial coherent UE with two antenna groups (Ng=2).
Proposal 7:
· For partial coherent UE with Ng=4 supporting full power Mode 2, support the categorization as shown in Table 2 for full power capability reporting.
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