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1. Introduction
In the RAN1#112 meeting, several agreements regarding for enabling 8Tx UL transmission were agreed as captured in Annex. This contribution discusses and provides our view on the enhancement of SRI/TPMI for 8Tx UL transmission. 


2. Discussions  
TPMI enhancement for 8Tx UL transmission 
2.1.1 Full coherent 8Tx codebook
In the previous meeting, following agreements for 8Tx full coherent codebook design were made as captured below. 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
Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
4. whether for all rank, or rank 1-2, or rank 3-8
4. applicability of different (O1, O2) values per agreed (N1, N2)
4. companies are encouraged to submit simulation results


As shown above, the remaining issue is whether to support additional oversampling values according to antenna configuration and/or rank value. With (O1, O2) = (1, 1), # of 8Tx fully coherent CB per rank is presented in Table 1. As shown above, the total number of bits is upto 7bits. 
Table 1. # of 8Tx fully coherent CBs per rank
	
	# of CBs per rank

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

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

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



On the value of O1 and O2, the larger value of O1 and O2 may provide performance gain as it increases codebook granularity at the expense of increased DCI overhead. If oversampling factor of 2 is used, the total number of CBs can be double or quadruple depending on antenna structure. Also, in Rel-15 NR, the full coherent codebook subset includes full coherent TPMIs, partial coherent TPMIs and non-coherent TPMIs. If codebook subset for 8Tx follows the same principle, the gain comes from introducing larger codebook granularity will be reduced. Thus, agreed (O1, O2) = (1, 1) seems sufficient unless significant performance gain with larger oversampling factor is observed.

[bookmark: _GoBack]Proposal 1. For full coherent 8Tx UL codebook, oversampling factor other than (O1, O2) = (1, 1) is not supported. 

For full coherent precoder, Ng=1 is assumed and for Ng=2 and Ng=4, it is FFS. Also in RAN1#109e, following antenna layouts are agreed to consider for codebook design.

   
For linear antenna array and planner antenna array, DFT vector can be typically used for spatial domain basis vector. So, for 2D antenna layout such as 1-a, 2-a and 3-a, 2D DFT can be considered at least for fully coherent TPMI. Then, the codebook structure can be expressed as
                                          (1)
where  is co-phase term for different polarization and 

For 1D antenna layout such as 1-b and 3-b, 1D DFT can be used. Then, vector  with oversampling factor =1 can be 
 For 2-a and 2-b, inter-group co-phase may be needed similar to Type I multi-panel CSI. Then, the codebook structure can be  where  is inter-group co-phase. If ={1, j, -1, -j}is assumed, vector  can be 
.

 If Alt2-a is used for full coherent TPMI, equation (1) can also be considered. In this case, vector  can be based on the 2Tx/4Tx UL codebooks. For 2Tx based construction,  also can be considered similar for 2-a and 2-b. The difference is whether vector  is purely based on DFT vector or mixture of multiple basis vectors. 
From above discussion, it can be observed that the codebook structure can be varied according to the antenna layout (whether it is 1D or 2D layout) and/or outer co-phase. Therefore, Ng=2 and Ng=4 for fully coherent UE can also be supported. 

Proposal 2. Support Ng=2 and Ng=4 for fully coherent codebook.

2.1.2 Partial coherent 8Tx codebookAgreement @ RAN1#110bis
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

· 


[image: ]
Figure 1 An example of port coherency for 8Tx Partial coherent UE 
For partial coherent UE, Ng=2 and 4 is supported as captured above. The remaining issue is how to map coherent group. Figure 1 is an example of coherency group mapping and its port numbering is according to legacy PUSCH port mapping rule. As shown in the Figure 1, there are 2 Tx antenna coherency and 4 Tx antenna coherency, and each of which may correspond to 4 panel UE (i.e. Ng=4) and 2 panel UE (i.e. Ng=2), respectively. For level-1 coherency, coherency of PUSCH/SRS ports can be {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}. Also, for level-2 coherency, coherency of PUSCH/SRS ports can be {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. In this grouping, we consider following rules: 1) cross polarization antennae at the same location are in the same group, and 2) adjacent cross polarization antennae are in the same group. Therefore, we prefer Alt 2 for Ng=2 and Alt 1 for Ng=4, and following is proposed. 
Proposal 3. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 2-group 4Tx coherency (Ng=2) 
· Coherency PUSCH port groups consist of {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. 
· Level-2: 4-group 2Tx coherency (Ng=4) 
· Coherency PUSCH port groups consist of {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}.Agreement @ RAN1#112
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,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement @ RAN1#112
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)

· Select from the following cases based on the performance and overall DCI overhead
Rank
All layers in one Antenna Group
Layers split across 2 Antenna Groups
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), (3,1), (1,3)
5
· 
(4,1), (1,4), (2,3), (3,2)
6
· 
(4,2), (2,4), (3,3)
7
· 
(4,3), (3,4)
Note: Above is not relevant to how precoders are indicated.


· 

  In the last meeting, it was agreed possible layer splitting cases for Ng=2 as capture above. For each cases, total # of CBs are presented in Table 2. 
Table 2. # of 8Tx partial coherent CBs per rank with Ng=2
	Rank
	All layers in one Antenna Group 
	Layers split across 2 Antenna Groups
	# of CBs

	1
	(1,0), (0,1)
	· 
	16*2 = 32

	2
	(2,0), (0,2)
	· 
	8*2 = 16

	
	· 
	(1,1)
	16*16 = 256

	3
	(3,0), (0,3)
	· 
	4*2 =8

	
	· 
	(2,1), (1,2)
	8*16 = 256 

	4
	(4,0), (0,4)
	· 
	2*2 = 4

	
	· 
	(2,2), 
(3,1), (1,3)
	8*8 = 64
4*16 = 64

	5
	· 
	(4,1), (1,4), 
(2,3), (3,2)
	2*16 =32
8*4 =32

	6
	· 
	(4,2), (2,4), 
(3,3)
	2*8 = 16
4*4 =16

	7
	· 
	(4,3), (3,4)
	2*4 = 8

	8
	· 
	(4,4)
	2*2=4



As shown in Table 2, the # of CBs for the cases of layer split across 2 antenna groups are much larger than that for the cases of all layers in one antenna group. So, it is expected that layer split across two antenna groups may provide performance gain over the case of all layers in one antenna group case. Also, supporting all the combinations listed in Table 2 is not necessary since it seems over-optimized design and it increases DCI payload. Thus, it is necessary to reduce the layer split combination. Layer split across 2 antenna groups can be prioritized as it can be applied for all the rank and may provide better performance. Also, for this option, further down-selection or efficient signaling method can be considered. For example, indication of (X,Y) and (Y, X) can be the same, but actually applied ports for this indicated pre-coder can be different. Thus, one-bit indicator can be introduced. 

Proposal 4. For Ng=2 partial coherent codebook, layer split across 2 antenna groups can be prioritized. FFS on further reduction. 

  For Ng=4, as listed above, two options are considered. One is using Rel-15 2Tx full coherent codebook and the other one is using Rel-15 4Tx partial coherent codebook. Since the codebooks based on 4 Tx partial coherent codebook is a subset of codebooks based on 2 Tx fully coherent codebook. Thus, Alt 1 (using 2 Rel-15 Tx fully coherent codebook) can be prioritized and overhead reduction by reducing layer combination can be further discussed. 

Proposal 5. For Ng=4 partial coherent codebook, Alt 1 (using Rel-15 2 Tx fully coherent codebook) can be prioritized. 
2.1.3 Non-coherent 8Tx codebook
In the last meeting, rank1 non-coherent 8Tx codebook was agreed. The remaining issue is codebook design of rank 2 to 8. In this design, similar to non-codebook based UL, port selection can be considered and its total payload can be calculated as in Table 3. 
Table 3 # of 8Tx non-coherent CBs per rank
	Rank
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	# of CBs
	=8
	=28
	=56
	=70
	=56
	=28
	=8
	=1
	256



As shown above, total payload upto 8-layer transmission can be 8 bits. Also, as discussed previous subsections, supporting all the combination may not be needed. Thus, it would be good to discuss how to reduce the number of codebooks especially for rank 3 to 7. 

Proposal 6. For non-coherent codebook, discuss how to efficiently reduce the number of codebooks especially for rank 3 to 7. 
2.1.4 Codebook subset
  In the Rel-15, codebook subset is determined by UE’s coherency capability. For instance, fully coherent UE can be configured with one of 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent’ codebook subset, and partially coherent UE can be configured with one of 'partialAndNonCoherent', or 'nonCoherent’ codebook subset, and non-coherent UE can only configure with 'nonCoherent’ codebook subset. This is because higher coherency capable UE can employ codebook subset of lower coherency without any performance loss. Also, port or port group selection codebook such as non-coherent or partial coherent codebook, respectively, has advantages in terms of UE battery saving and uplink interference reduction. In addition, it may provide better performance compared to the case where the UE only utilizes the corresponding codebook subset, e.g., fully coherent UE utilizes fully coherent codebook only, due to its larger codebook granularity.

Proposal 7. Reuse principle of legacy codebook subset for CB based UL transmission.  
2.1.5 Codebook for DFT-s-OFDM
In NR, DFT-s-OFDM is utilized for uplink transmission as it is robust for PAPR, and only rank 1 transmission is allowed. Similarly, for 8 Tx UL transmission with DFT-s-OFDM, the supported maximum number of layers can be 1. For the codebook design, we can simply follow the design principle discussed for CP-OFDM. In Rel-15, 4Tx UL full coherent codebooks for DFT-s-OFDM is based on the LTE 4Tx UL codebook which is adopted from the LTE DL 4Tx House-holder codebook which is mixture of DFT vector and other basis vectors. So, for 8Tx ful coherent codebooks for DFT-s-OFDM, NR 8Tx DL codebook can be reused similar to the CP-OFDM. For partial coherent codebook for Ng=2, Rel-15 4Tx ful coherent codebooks for DFT-s-OFDM can be used to support layer split of (1,0) and (0,1). For partial coherent codebook for Ng=4, Rel-15 2Tx ful coherent codebooks for DFT-s-OFDM can be used to support layer split of (1,0,0,0) and/or (0,1,0,0) and/or (0,0,1,0) and/or (0,0,0,1). Lastly, for non-coherent codebook, agreed non-coherent codebook for CP-OFDM in the last meeting can be reused. 
 
Proposal 8. Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UL transmission. 

Issues related to 2CW 
2.2.1 UCI multiplexing
In the last meeting, following agreement related to UCI multiplexing was made as captured below.Agreement@ RAN1#112
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)


The remaining issues is how to down-select between two alternatives. The first alternative is UCI is multiplexed in the first CW. This option has a merit of relatively simple implementation in the gNB perspective. In the second option, UCI is multiplexed in the CW with higher MCS. Normally, gNB determines MCS by considering several factors such as the channel condition, the quality of received signal and available resources. So, higher MCS may corresponds to the better channel quality between two CWs, and using the CW with higher MCS for UCI multiplexing may provide better reliability. Hence, Alt 2 is preferred.  
Proposal 9. For UCI multiplexing for 2CW, support Alt 2 (The CW with the highest MCS). 
2.2.2 TB disabling
TB disabling is supported in NR DL and, LTE DL and UL in order to efficiently handle the retransmission case. For example, two TBs are transmitted and only one of TBs is decoded successfully. Then, failed TB will be re-transmitted. In that case, successful TB can be disabled. In this context, following is captured in TS 38.214. In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword. 

One issue regarding TB disabling for 8Tx UL is whether or not to use the same MCS and RV combination used for DL, i.e., MCS=26 and RV=1. Such MCS and RV combination is different from LTE where LTE utilizes MCS=0 and RV=1 combination. This is because NR DL utilizes the properties of non-self-decodable LDPC code combination. Since LDPC code is used for UL data transmission, the same principle as DL can also be applied. Thus, MCS=26 and RV=1 is used for indication of disabled TB.
Proposal 10. For indication of disabled TB of 8Tx transmission with rank>4, use MCS=26 and RV=1 combination. 

Full power transmission for 8Tx UE
In Rel-16, there are three UE capabilities for supporting full power operation for non and partial coherent UE. 
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported
Similar to Rel-16, above three capabilities can also be considered as a starting point of discussion. Then, possible PA combination for each capability are listed Table 4. Note that X is full rated PA, so X=23dBm for PC3, and Yi is less than X (e.g., Yi = 14, 17, 20 dBm). Then, Type 1 architecture belongs to UE capability 1, Type 2 architecture belongs to UE capability 2 and other Types belong to UE capability 3. As shown in Table 4, according to the UE implementation, the value of Yi can be diverged. Thus, it would be good to select representative PA architecture. However, without non and partial coherent codebook, it is hard to narrow down the possible PA architectures and full power modes. Therefore, we suggest to discuss full power operation after finalizing the non and partial coherent. 
Table 4. Example of PA architecture for 8Tx UE
	
	Port 1
	Port 2
	Port 3
	Port 4
	Port 5
	Port 6
	Port 7
	Port 8

	Type 1
	X
	X
	X
	X
	X
	X
	X
	X

	Type 2
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7
	Y8

	Type 3
	X
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7

	Type 4
	X
	X
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6

	Type 5
	X
	X
	X
	Y1
	Y2
	Y3
	Y4
	Y5

	Type 6
	X
	X
	X
	X
	Y1
	Y2
	Y3
	Y4

	Type 7
	X
	X
	X
	X
	X
	Y1
	Y2
	Y3

	Type 8
	X
	X
	X
	X
	X
	X
	Y1
	Y2

	Type 9
	X
	X
	X
	X
	X
	X
	X
	Y1



Proposal 11. Postpone the discussion of full power operation until finalizing the non and partial coherent codebook. 


SRS configuration 
In RAN1#112, following agreement regarding SRS configuration for non-codebook UL transmission was made.Agreement @ RAN1#112
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

In Rel-15, the number of codepoints for NCB UL transmission can be calculated by . Then, possible combinations according to  and  are listed in Table 5. 
Table 5. number of codepoints for 8Tx NCB UL transmission
	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	1
	2
	3
	4
	5
	6
	7
	8

	2
	1
	3
	6
	10
	15
	21
	28
	36

	3
	1
	3
	7
	14
	25
	41
	63
	92

	4
	1
	3
	7
	15
	30
	56
	98
	162

	5
	
N/A
	31
	62
	119
	218

	6
	
	31
	63
	126
	246

	7
	
	31
	63
	127
	254

	8
	
	31
	63
	127
	255



As shown Table 5, for rank 5 to 8, the number of code points are varying according to  and . If we follow option 2, new 32 tables are required to cover above combinations which means larger specification impact is expected. Thus, bit-map indication (Option 1) is preferred instead of combinatorial number indication due to its simplicity and less specification impact. 
Proposal 12. For SRS configuration of non-codebook based UL, support Option 1 (use an  bit length bitmap). 

Overhead reduction 
In the last meeting, following are agreed in the context of overhead reduction. Agreement @ RAN1#111
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI


In Rel-15 UL, TRI and TPMI are jointly encoded in one field in order to reduce the payload. Meanwhile, in DL, RI and PMI fields are separately encoded in CSI reporting carried by PUCCH or PUSCH. In the perspective of overhead reduction, joint encoding of TRI and TPMI has benefit compared to the separate field design at least for full coherent codebook. In case of partial coherent codebook, separate TPMI indication per SRS port group may provide benefit in terms of overhead. This is because fewer ports require smaller codebook size. Thus, final decision on TRI and TPMI indication can be done after finalizing codebook design. 
  In order for overhead reduction, following alternatives can be further considered.
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)
In Alt1, pre-define codebook sub-sampling pattern (e.g., even or odd pattern) can be used. Then, according to the sub-sampling pattern, total DCI payload can be determined. In this alternative, how to efficiently design the sub sampling pattern can be further discussed. 
In Alt2, multiple group of codebook subset can be fixed or pre-configured by RRC. MAC-CE can be used to indicate which group will be used for actual PUSCH transmission. Then, TRI/TPMI field is used to indicate precoding matrix within the group indicated by MAC-CE. This alternative also can be applied for non-codebook based UL. 
Proposal 13. Further consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)

3. Conclusion
In this contribution, we discussed enhancements on SRI/TPMI for enabling 8Tx UL transmission in Rel-18 MIMO. Based on the above discussion, we have following proposals: 
Proposal 1. For full coherent 8Tx UL codebook, oversampling factor other than (O1, O2) = (1, 1) is not supported. 
Proposal 2. Support Ng=2 and Ng=4 for fully coherent codebook.
Proposal 3. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 2-group 4Tx coherency (Ng=2) 
· Coherency PUSCH port groups consist of {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. 
· Level-2: 4-group 2Tx coherency (Ng=4) 
· Coherency PUSCH port groups consist of {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}.
Proposal 4. For Ng=2 partially coherent codebook, layer split across 2 antenna groups can be prioritized. FFS on further reduction. 
Proposal 5. For Ng=4 partially coherent codebook, Alt 1 (using Rel-15 2 Tx fully coherent codebook) can be prioritized. 
Proposal 6. For non-coherent codebook, discuss how to efficiently reduce the number of codebooks especially for rank 3 to 7. 
Proposal 7. Reuse principle of Rel-15 codebook subset for CB based UL transmission.  
Proposal 8. Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UL transmission. 
Proposal 9. For UCI multiplexing for 2CW, support Alt 2 (The CW with the highest MCS). 
Proposal 10. For indication of disabled TB of 8Tx transmission with rank>4, use MCS=26 and RV=1 combination. 
Proposal 11. Postpone the discussion of full power operation until finalizing the non and partial coherent codebook. 
Proposal 12. For SRS configuration of non-codebook based UL, support Option 1 (use an  bit length bitmap bit-map). 
Proposal 13. Further consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)



Annex
· Agreement in RAN1#112
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

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.


Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
10. whether for all rank, or rank 1-2, or rank 3-8
10. applicability of different (O1, O2) values per agreed (N1, N2)
10. companies are encouraged to submit simulation results

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .


Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

Agreement
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,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement
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)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

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

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.
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(b) Level 2 Partial coherent (Ng=4)
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