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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk118125745]One of Rel-18 MIMO evolution WID scopes is to enable 8 Tx UL operation to support 4 and more layers per UE [1]. Much progress has been made in previous meeting. In this contribution, we provide our views on the support of UL 8TX operation including the 8Tx codebook design for partial coherent UE and full power operation.

Discussion
Correction on  indication for codebook3 for rank 7 in TS38.211
It was agreed that only the layer splitting (2,1,2,2) is supported for rank 7 transmission for Ng=4, where all the full coherent precoders shall be supported for each of the antenna group. As a result, there will be 2×4×2×2=32 available TPMIs, however, the TPMI index i for codebook3 for rank 7 specified in Table 6.3.1.5-45 is from 0 to 7. Therefore, we have the following TPs on TS38.211.
Proposal 1: The value of TPMI index i for codebook3 with seven-layer transmission should be from 0 to 31.
	==============================TP for TS38.211==============================
-------------------------------------------Unchanged parts are omitted-------------------------------------------
[bookmark: _Hlk146543874][bookmark: _Hlk146543518]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 – 731
	


-------------------------------------------Unchanged parts are omitted-------------------------------------------


Correction on TPMI indication for full power mode 1 in TS38.212
Addition precoding matrices are agreed to support the full power mode 1 operation for rank1, rank 2 and rank 3 transmission for Ng=2, Ng= 4 and Ng=8. The corresponding precoding matrices and TPMI are specified in Table 6.3.1.5-29, Table 6.3.1.5-39, Table 6.3.1.5-40, Table 6.3.1.5-41,Table 6.3.1.5-47, however, the precoding information and number of layers field specified in TS38.212 are pointed to the TPMIs specified for full coherent UE. Based on the TPMI specified in TS38.211, they should be pointed to dedicated TPMIs for the corresponding codebook type. Therefore, we have the following text proposal on TS38.212. 

Proposal 2: The precoding information and number of layers field value corresponding to the full power transmission with ‘fullpowerMode1’ should point to the dedicated TPMI index specified for each of codebook type specified in TS38.211.
	==============================TP for TS38.212==============================
-------------------------------------------Unchanged parts are omitted-------------------------------------------
[bookmark: _Hlk146546447]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]
1 layer: TPMI=255
	36
	3 layers: TPMI=36

	37
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=256
	…
	…

	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]
1 layer: TPMI=255

	
	
	93
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
[bookmark: OLE_LINK4]2 layers: TPMI=256

	
	
	94
	3 layers: TPMI=257

	
	
	95-127
	reserved



Table 7.3.1.1.2-5N: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled or maxRank=1 if transform is disabled, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	Precoding information and number of layers

	0
	1 layer: TPMI=0

	…
	…

	7
	1 layer: TPMI=7

	8
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
1 layer: TPMI=255

	9-15
	reserved



Table 7.3.1.1.2-5O: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled, or maxRank = 1 if transform precoder is disabled, CodebookType=Codebook2, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	Precoding information and number of layers

	0
	1 layer: TPMI=0

	…
	…

	31
	1 layer: TPMI=31

	32
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
1 layer: TPMI=32

	33-63
	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]
1 layer: TPMI=16
	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]
1 layer: TPMI=16
	120
	3 layers: TPMI=0

	
	
	121
	2 layer: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=104
	…
	…

	
	
	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]
1 layer: TPMI=16

	
	
	
	
	425
	2 layer: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=104

	
	
	
	
	426
	3 layers: TPMI=304

	
	
	
	
	427-511
	reserved



-------------------------------------------Unchanged parts are omitted-------------------------------------------



Clarifications on the codebook for rank 1 transmission with DFT-s-OFDM 
Till RAN1#114, specific aspects on the codebook for DFT-s-OFDM were not touched. However, rank 1 transmission with DFT-s-OFDM transmission is import for UL coverage. It should be supported for 8Tx UE as well. In Rel-15, dedicated precoding matrices were specified for rank 1 transmission with DFT-s-OFDM waveform in Table 6.3.1.5-2. The corresponding full coherent precoding matrices should be adopted to define the rank 1 precoding matrices for eight antenna ports with DFT-s-OFDM waveform with Ng=2.
Proposal 3: Full coherent precoding matrices for rank 1 transmission using four antenna ports with DFT-s-OFDM waveform should be used to specify the precoding matrices for rank 1 transmission using eight antenna ports with DFT-s-OFDM waveform for Ng=2.
Based on this principle, separate table should be specified in TS38.211 as follows:

[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 with transform precoding disabled.
	
	(ordered from left to right in increasing order of )

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15 
	
	
	
	
	
	
	
	



Table 6.3.1.5-25A: Submatrices  for codebook2 and used in Tables 6.3.1.5-29A with transform precoding enabled.
	
	(ordered from left to right in increasing order of )

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15 
	
	
	
	
	
	
	
	


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

	0 – 15
	

	16 – 31
	

	32
	



A common codebook is used for rank 1transmission using two antenna ports with both CP-OFDM and DFT-s-OFDM waveform. This principle can be adopted for the rank 1 codebook for Ng =4 for both CP-OFDM and DFT-s-OFDM waveform.
Proposal 4: Intermediate precoding matrix W' for codebook3 and single-layer transmission using eight antenna ports specified in Table 6.3.1.5-39 is applied to both CP-OFDM and DFT-s-OFDM waveform, i.e., both the case that transform precoding is disable and the case that transform precoding is enabled.

[bookmark: _Ref127188966]Full power transmission
In RAN1#114, the following precoders were agree for partial coherent UEs:
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,


One of the remaining issues is the full power precoder for rank 4 transmission with Ng=8 with ‘fullpowerMode1’
The precoder for (1,1,1,1) with Ng=4 with 2Tx TPMI=0 can be adopted, i.e., the following precoder should be at least supported for such case: 

Proposal 5: Support  for full power transmission with ‘fullpowerMode1’ for Ng=8 with rank 4.

Another issue is whether to support additional full power precoders. In Rel-16, more than one precoders were specified to support full power transmission with ‘fullpowerMode1’ for each rank to provide some flexibility. Although the co-phase between different antenna groups does not make sense when more than one antenna groups are adopted for a layer transmission, the co-phase between antenna ports within a same antenna group can provide diversity gain in some channel conditions. Therefore, additional precoders are necessary for full power transmission with fullpowerMode1.
Take Ng=2 as an example, only rank 1 needs full power transmission and one solution is to transmit the same N layers, from both antenna groups using the same precoder (TPMI1= TPMI2), where TPMI1 and TPMI2 indicate a same 4Tx full coherent precoder. Because both the number of layers and the precoders are the same for the two antenna groups, the TPMI indication is simply (N, TPMI1, N, TPMI). We use the green letter N to represent that the N layer transmitted from the second antenna group is the same N layer from the first antenna group. The transmitted signal  from the 8 antennas of the two groups is given by

where  is the precoding matrice indicated by TPMI1, and  is modulation symbol vector of length N. If the TPMI overhead does not allow adding more codewords for full power mode 1, at least (1,TPMI1,1, TPMI1) should be added to support rank 1.

Proposal 6: Support (1,1) for Ng=2 full power mode 1, where green number represents duplicated data layers and all the TPMIs for rank1 can be supported.
The same principle can be applied to UE with Ng=4. If TPMI overhead does not allow adding too many codewords for full power mode 1, at least the rank 1 precoders ((1,TPMI1,1, TPMI1,1, TPMI1,1, TPMI1)), and preferably one of the rank 2 ((2,TPMI1,2, TPMI1, 2, TPMI1, 2, TPMI1), or (1,TPMI1,1’, TPMI2,1, TPMI1,1’, TPMI2)) should be added.  

Proposal 7: Supporte (1,1,1,1), (2,2,2,2), (1,1’,1,1’) for Ng=4 full power mode 1, where green number represents duplicated data layers, and all the TPMIs for 2Tx with rank 1 and 2Tx with rank 2 can be supported.

Conclusion
In this contribution, we have made the following proposals on various aspects of 8TX UL transmission. These proposals are summarized below:
Proposal 1: The value of TPMI index i for codebook3 with seven-layer transmission should be from 0 to 31.
Proposal 2: The precoding information and number of layers field value corresponding to the full power transmission with ‘fullpowerMode1’ should point to the dedicated TPMI index specified for each of codebook type specified in TS38.211.
Proposal 3: Full coherent precoding matrices for rank 1 transmission using four antenna ports with DFT-s-OFDM waveform should be used to specify the precoding matrices for rank 1 transmission using eight antenna ports with DFT-s-OFDM waveform for Ng=2.
Proposal 4: Intermediate precoding matrix W' for codebook3 and single-layer transmission using eight antenna ports specified in Table 6.3.1.5-39 is applied to both CP-OFDM and DFT-s-OFDM waveform, i.e., both the case that transform precoding is disable and the case that transform precoding is enabled.
Proposal 5: Support  for full power transmission with ‘fullpowerMode1’ for Ng=8 with rank 4.
Proposal 6: Support (1,1) for Ng=2 full power mode 1, where green number represents duplicated data layers and all the TPMIs for rank1 can be supported.
Proposal 7: Supporte (1,1,1,1), (2,2,2,2), (1,1’,1,1’) for Ng=4 full power mode 1, where green number represents duplicated data layers, and all the TPMIs for 2Tx with rank 1 and 2Tx with rank 2 can be supported.
The following TPs are provided:
	==============================TP for TS38.211==============================
-------------------------------------------Unchanged parts are omitted-------------------------------------------
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 – 731
	


-------------------------------------------Unchanged parts are omitted-------------------------------------------



	==============================TP for TS38.212==============================
-------------------------------------------Unchanged parts are omitted-------------------------------------------
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]
1 layer: TPMI=255
	36
	3 layers: TPMI=36

	37
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=256
	…
	…

	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]
1 layer: TPMI=255

	
	
	93
	2 layers: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=256

	
	
	94
	3 layers: TPMI=257

	
	
	95-127
	reserved



Table 7.3.1.1.2-5N: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled or maxRank=1 if transform is disabled, CodebookType=Codebook4, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	Precoding information and number of layers

	0
	1 layer: TPMI=0

	…
	…

	7
	1 layer: TPMI=7

	8
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
1 layer: TPMI=255

	9-15
	reserved



Table 7.3.1.1.2-5O: Precoding information and number of layers, for 8 antenna ports, if transform precoder is enabled, or maxRank = 1 if transform precoder is disabled, CodebookType=Codebook2, and ul-FullPowerTransmission configured to fullpowerMode1
	Bit field mapped to index
	Precoding information and number of layers

	0
	1 layer: TPMI=0

	…
	…

	31
	1 layer: TPMI=31

	32
	1 layer: TPMI=0 in Table 6.3.1.5-9 of [4, TS 38.211]
1 layer: TPMI=32

	33-63
	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]
1 layer: TPMI=16
	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]
1 layer: TPMI=16
	120
	3 layers: TPMI=0

	
	
	121
	2 layer: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=104
	…
	…

	
	
	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]
1 layer: TPMI=16

	
	
	
	
	425
	2 layer: TPMI=16 in Table 6.3.1.5-30 of [4, TS 38.211]
2 layers: TPMI=104

	
	
	
	
	426
	3 layers: TPMI=304

	
	
	
	
	427-511
	reserved



-------------------------------------------Unchanged parts are omitted-------------------------------------------
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