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1. [bookmark: _Ref521334010]Introduction
In RAN#94-e meeting, enhancements for UL 8TX operations were agreed and the following objectives were approved in the WID for Rel-18 NR MIMO [1]:
	Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8TX 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, codebook design, TPMI/TRI indication, 2 CWs transmission and full power transmission for UL 8TX operation are discussed, and evaluation results are provided as well.
2. UL 8TX codebook design
2.1. Non-coherent codebook
A non-coherent UE can only be configured with non-coherent codebook. Since a non-coherent UE is not capable of transmitting a single layer with multiple antennas coherently, each precoding matrix in a non-coherent codebook shall be a combination from 8 non-coherent rank 1 precoders, with one port selected for each layer. 
In RAN1 #112bis-e meeting, the following agreement was achieved on codebook design for non-coherent UEs [2]:
	Agreement
For non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
· Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders


For UL 8TX in Rel-18, if all combinations from 8 non-coherent rank 1 precoders are included in the non-coherent codebook, the number of precoding matrices for each rank would be as follows:
· Rank 1: =8;
· Rank 2: =28;
· Rank 3: =56;
· Rank 4: =70;
· Rank 5:=56;
· Rank 6:=28;
· Rank 7:=8;
· Rank 8:=1.
If all of the precoding matrices are included, the number of precoding matrices and the bit widths for TPMI field when are shown in Table 1. It can be seen that 8 bits are needed when maxRank >= 4 for 8TX. 
[bookmark: _Ref126829134]Table 1: Number of precoding matrices and bit widths of TPMI field for non-coherent codebook for UL 8TX
	maxRank
	Number of TPMIs
	Bitwidth for TPMI field (bits)

	1
	8
	3

	2
	36
	6

	3
	92
	7

	4
	162
	8

	5
	218
	8

	6
	246
	8

	7
	254
	8

	8
	255
	8


In MIMO system, the gain of increasing the number of precoding matrices for high ranks would be much lower than that for low ranks, and the probability of scheduling UEs with high ranks would be lower than that for low ranks. Therefore, if only a subset of port selection precoding matrices are included in the non-coherent codebook, keeping all port selection precoding matrices for low ranks (e.g. rank=1,2) and down selecting port selection precoding matrices for high ranks (e.g. rank>2) can be considered. However, compared to supporting all 255 combinations from 8 non-coherent rank 1 precoders, even for the schemes with the number of precoding matrices for rank 3 and rank 4 are the same as that for rank 2, at most 1 bit can be saved for TPMI indication. Therefore, Alt 1 is preferred compared to Alt 2. 
[bookmark: _Ref134871241]Proposal 1: For non-coherent uplink precoding with rank ≤ 8 by an 8TX UE, Alt 1 is supported:
· Alt1 – All 255 combinations from 8 non-coherent rank1 precoders are supported.
2.2. Partial-coherent codebook
In the last two meetings, the following agreements have been achieved on partially coherent uplink precoding by an 8TX UE codebook, Ng=2 [2][3]:
	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,
· 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
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.
Working Assumption
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	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
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)





For partial-coherent 8TX UEs with Ng = 2, precoding matrices can be generated based on NR Rel-15 UL 4TX codebook according to the following structures:
· For rank = 1, , and ;
· For rank = 2/3/4, , , and ; 
· For rank > 4, ; 
where  is the rank of the PUSCH transmission,, and are 4TX precoders selected from Rel-15 UL 4TX codebook, , , , and .
For partially coherent uplink precoding by an 8TX UE codebook, there are many rank and layer splitting cases on how to split the layers to antenna groups. Supporting all splitting cases can achieve optimal performance, but leads to largest overhead for precoding indication. Therefore, a balance between performance and overhead of the codebook is needed.
In Figure 1, performance comparison of three codebooks shown in Table 2 is provided, with the simulation assumptions provided in Table 7 in Annex. Table 2 shows the rank and splitting cases included in each codebook, as well as the number of precoders for each codebook. For each codebook, all of the precoders are generated based on 4TX full-coherent precoder(s). It can be seen from Figure 1 that comparable performance can be achieved by Alt 1 and Alt 2. Alt 3 slightly outperforms Alt 1 and Alt 2, with the performance gain is no more than 3.5%. 
[bookmark: _Ref131116200]Table 2: Codebooks for 8TX partial-coherent UEs with Ng = 2
	
	Alt 1
	Alt 2
	Alt 3

	Rank
	Layer splitting cases
	Number of TPMIs
	Layer splitting cases
	Number of TPMIs
	Layer splitting cases
	Number of TPMIs

	1
	(0,1) (1,0)
	32
	(0,1) (1,0)
	32
	(0,1) (1,0)
	32

	2
	(1,1)
	256
	(1,1)
	256
	(1,1) (0,2) (2,0)
	272

	3
	(1,2)
	128
	(1,2) (2,1)
	256
	(1,2) (2,1) (0,3) (3,0)
	264

	4
	(2,2)
	64
	(2,2)
	64
	(2,2) (1,3) (3,1) (0,4) (4,0)
	196

	5
	(2,3)
	32
	(2,3) (3,2)
	64
	(2,3) (3,2) (1,4) (4,1)
	128

	6
	(3,3)
	16
	(3,3)
	16
	(3,3) (2,4) (4,2)
	48

	7
	(3,4)
	8
	(3,4) (4,3)
	16
	(3,4) (4,3)
	16

	8
	(4,4)
	4
	(4,4)
	4
	(4,4)
	4

	Total number of TPMIs for maxRank = 4
	480
	608
	764

	Total number of TPMIs for maxRank = 8
	540
	708
	960


[image: ]
[bookmark: _Ref118732843][bookmark: _Ref131117808]Figure 1: Performance comparison of codebooks for 8TX partial-coherent UEs with Ng = 2, (N1, N2) = (4, 1)
Table 3 shows the distribution of rank and layer splitting cases for Alt 3. It can be seen that the probabilities of cases with all layers come from one antenna group are quite small, and the probabilities of cases where the difference between the number of layers split to the two antenna groups is no more than 1 are much higher than the other cases.
[bookmark: _Ref131117909][bookmark: _Ref131640705]Table 3: Distribution of rank and layer splitting cases for Alt 3 in Table 2
	
	(-,0)
	(-,1)
	(-,2)
	(-,3)
	(-,4)

	(0,-)
	　
	0.70%
	0.00%
	0.00%
	0.00%

	(1,-)
	0.21%
	9.68%
	6.83%
	0.09%
	0.02%

	(2,-)
	0.00%
	6.35%
	35.93%
	8.03%
	2.99%

	(3,-)
	0.00%
	0.10%
	7.44%
	8.37%
	3.55%

	(4,-)
	0.00%
	0.02%
	3.64%
	4.13%
	1.92%


[bookmark: _Hlk127542643]Observation 1: Regarding the performance of codebooks provided in Table 2 for partial-coherent 8TX UEs with Ng=2,
· Comparable performance can be achieved by UL 8TX codebook based on Alt 1 and Alt 2;
· Alt 3 slightly outperforms Alt 1 in terms of average throughput, 95% performance and 5% throughput (about 3.7%, 3.4% and 3.3% respectively).
Observation 2: Regarding the distribution of precoders in Alt 3 in Table 2,
· Precoders with all layers come from one coherent antenna group are rarely used;
· The probabilities of cases where the difference between the number of layers split to the two antenna groups is no more than 1 (i.e., cases with form of (x, x)/ (x, x+1)/ (x+1, x)) are much higher than the other cases.
[bookmark: _Ref134871248]Proposal 2: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, the following rank and layer splitting cases are supported:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	· 
	(1,1)

	3
	· 
	(1,2)

	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, the numbers of layers that split to two antenna groups are not equal. Then the precoding matrix cannot keep constant modulus property as that Rel-15 UL 4TX precoders does. 
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 4. Then the constant modulus property of UL 8TX partial-coherent codebook can be kept.
[bookmark: _Ref131121085]Table 4: 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 2: Performance comparison of partial-coherent codebooks for rank 3
In Figure 2, performance comparison of two codebooks designed for rank-3 are provided, with the two codebooks shown in Table 4. 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 2, 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. 
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 3: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· 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.
In RAN1 #112bis-e meeting, the following agreements have been achieved on partially coherent uplink precoding by an 8TX UE codebook, Ng=4 [2]:
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

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

	2
	· 
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)

	4
	·  
	(1,1,1,1)

	4
	· 
	Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)


Note: Above is not relevant to how precoders are indicated.
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	4
	· 
	Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)





Since the transmit power of a PUSCH transmission is proportional to the number of used antenna ports, for rank = 3, at least the layer splitting cases of transmission by 3 of the 4 antenna groups should be supported, and for rank > 4, at least the layer splitting cases of transmission by 4 of the 4 antenna groups should be supported. 
[bookmark: _Ref134871267]Proposal 4: For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· At least the following rank and layer splitting cases are supported:
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)


2.3. Codebook configuration
In RAN1 #112bis-e meeting, precoders of which Ng can be configured for fully-coherent/partially-coherent/non-coherent UEs was discussed, and the following agreement was achieved [2]:
	Agreement
For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more  Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE , Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE , with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE , with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE , with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE, Ng =8 can represent a non-coherent UE.


In Rel-15, a fully-coherent UE can be configured with the codebook subset of 'fullyAndPartialAndNonCoherent' or 'partialAndNonCoherent' or 'nonCoherent', a partially-coherent UE can be configured with the codebook subset of 'partialAndNonCoherent' or 'nonCoherent', and a non-coherent UE only can be configured with the codebook subset of 'nonCoherent'. The codebook subset of  'fullyAndPartialAndNonCoherent' include full-coherent precoders, partial-coherent precoders and non-coherent precoders, the codebook subset of  'partialAndNonCoherent' include partial-coherent precoders and non-coherent precoders, and the codebook subset of  'nonCoherent' include only non-coherent precoders. Such principle can be extended to UL 8TX operation, i.e., Alt 1 in the agreement should be supported.
For fully-coherent UEs (Ng =1), we prefer to support the following combinations of Ng:
· One Ng cases from Ng = 1,2, 4,8, i.e. (1), (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
· Combination of Ng = 1, Ng =8 and one or two Ng cases from Ng = 2,4, i.e. (1,2,8), (1,4,8), (1,2,4, 8).
For partially-coherent UEs with Ng =2, we prefer to support the following combinations of Ng:
· One Ng cases from Ng = 2, 4,8, i.e. (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
For partially-coherent UEs with Ng =4, we prefer to support the following combinations of Ng:
· One Ng cases from Ng =  4,8, i.e. (4), (8);
· Combination of Ng = 8 and Ng = 4, i.e. (4,8);
[bookmark: _Ref134871271]Proposal 5: For codebook -based 8TX PUSCH transmission, Alt 1 is supported:
·  Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8.

[bookmark: _Ref134871275]Proposal 6: For codebook-based 8TX PUSCH transmission, 
· The following Ng combinations are supported for fully-coherent UEs (Ng =1):
· One Ng cases from Ng = 1,2, 4,8, i.e. (1), (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
· Combination of Ng = 1, Ng =8 and one or two Ng cases from Ng = 2,4, i.e. (1,2,8), (1,4,8), (1,2,4, 8).
· The following Ng combinations are supported for partially-coherent UEs with Ng =2:
· One Ng cases from Ng = 2, 4,8, i.e. (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
· The following Ng combinations are supported for partially-coherent UEs with Ng =4:
· One Ng cases from Ng =  4,8, i.e. (4), (8);
· Combination of Ng = 8 and Ng = 4, i.e. (4, 8).
3. TPMI/TRI indication
On codebook configuration for codebook-based 8TX PUSCH transmission, if Alt 1(i.e., a fully-coherent UE can be configured with precoders considered for at least one or more Ng cases) is supported, the number of codebook subset can be quite large. If the legacy TPMI indication framework in Rel-15 is adopted for Rel-18 8TX PUSCH transmission (i.e., a single 8TX TPMI is indicated), each combination of Ng cases under each maximum rank value requires a TPMI indication table. It leads to substantial number of TPMI indication tables. Since the precoding matrices for each of Ng = 1, 2, and 4 are structured, one alternative on indicating the precoding matrices for Ng = 1, 2, and 4 is to use a new scheme, with the structure of the precoding matrices be taken into consideration. 
As a start, the following enhanced precoding information indication schemes can be considered:
· For precoders considered for Ng = 1, 
· Alt 1: A Rel-15 DL CSI reporting like scheme is used, i.e., TRI, i1,1(if needed), i1,2(if needed), i1,3(if needed), and i2(if needed) ae indicated;
· For precoders considered for Ng = 2,
· Alt 1: 
· Two 4TX TPMI/TRIs are indicated, and the two 4TX TPMI/TRIs are indicated by two groups of bits separately;
· For each bit group, there is one value to indicate TRI= 0(i.e., the antenna ports corresponding to the group are unused);
· Alt 2: 
· One or more bits are used to indicate the layer splitting combination;
· Up to two 4TX TPMIs are indicated 
· When two TMPIs are indicated, the first TPMI is applied on one of antenna groups, and the second TPMI is applied on the other antenna group
· When two TMPIs are indicated, each TPMI corresponding to a group of bits
· The two bit groups for 4TX TPMI indication correspond to the two TRIs indicated by the layer splitting combination, respectively.
· For precoders considered for Ng = 4, 
· Alt 1: 
· Four 2TX TPMI/TRIs are indicated, and the four 2TX TPMI/TRIs are indicated by four groups of bits separately;
· For each bit group, there is one value to indicate TRI= 0(i.e., the antenna ports corresponding to the group are unused);
· Alt 2: 
· One or more bits are used to indicate the layer splitting combination;
· Up to four 2TX TPMIs are indicated 
· Each 2TX TPMI is indicated by a group of dedicated bits;
· The 2TX TPMIs are one-to-one mapped to the antenna groups, and each 2TX TPMI corresponds to a TRI indicated by the layer splitting combination.
For precoders considered for Ng = 1, a comparison on payload size of precoding information and the number of layers indication for the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) and the DL CSI reporting like scheme is provided in Table 5.  In the table, we assume all of the precoders for (O1, O2) = (1,1) are included in the codebook.  It can be seen that 
· For the two schemes, same payload size is needed for the cases with maxRank no more than 4;
· Compared to Rel-15 DL CSI reporting like scheme, one bit can be saved by legacy TPMI/TRI indication scheme as in Rel-15 for maxRank > 4.
Since compared to Rel-15 DL CSI reporting like scheme, fewer bits are needed by legacy TPMI/TRI indication scheme as in Rel-15 for maxRank > 4. Therefore, legacy TPMI/TRI indication scheme as in Rel-15 shall be adopted for Ng=1.
[bookmark: _Ref134569555]Table 5: Payload size of precoding information and the number of layers indication for precoders considered for Ng=1 
	maxRank
	Total number of TPMIs
	Payload size (bits)

	
	
	legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI)
	Rel-15 DL CSI reporting like scheme

	1
	16
	4
	4 

	2
	16 + 32 = 48
	6
	5 + 1(for TRI indication) = 6

	3
	16 + 32 + 24 = 72
	7
	5 + 2(for TRI indication) = 7 

	4
	16 + 32 + 24 + 24 = 96
	7
	5 + 2(for TRI indication) = 7

	5
	16 + 32 + 24 + 24 + 8 = 104
	7
	5 + 3(for TRI indication) = 8 

	6
	16 + 32 + 24 + 24 + 8 +8 = 112
	7
	5 + 3(for TRI indication) = 8

	7
	16 + 32 + 24 + 24 + 8 + 8 + 8 = 120
	7
	5 + 3(for TRI indication) = 8 

	8
	16 + 32 + 24 + 24 + 8 + 8 + 8 + 4 / 8= 124 / 128
	7
	5 + 3(for TRI indication) = 8


[bookmark: _Ref134871278][bookmark: _GoBack]Proposal 7: On TPMI/TRI indication for precoders considered for Ng = 1, the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI.
For precoding information and the number of layers indication for precoders considered for Ng = 2, a payload size comparison of legacy TPMI/TRI indication scheme and new scheme with 2 UL 4TX TPMIs indicated with different bits are provided in Table 6. In the table, we assume all of the layer splitting cases provided in the working assumption in RAN1 #112bis-e meeting are supported. It can be seen that: 
· For maxRank =1, same payload size is needed for legacy TPMI/TRI indication scheme as in Rel-15 and Alt 2 (indicating layer splitting combination and the corresponding 4TX TPMI), while 5 more bits are needed for  Alt 1(indicating 2 4TX TPMI/TRIs);
· For maxRank = 2, legacy TPMI/TRI indication scheme as in Rel-15 can save 1 bit compared to Alt 1 and save 2 bits compared to Alt 2.
· For maxRank > 2, the same payload size is needed for legacy TPMI/TRI indication scheme as in Rel-15 and Alt 1. 
· For maxRank > 1, the payload size of Alt 2 is always larger than Alt 1. 
When maxRank = 1 is configured, the gap of payload sizes of legacy TPMI/TRI indication scheme as in Rel-15/Alt 2 and Alt 1 is quite large (i.e., 5 bits), therefore, the legacy TPMI/TRI indication scheme as in Rel-15 or Alt 2 is preferred. When maxRank = 2 is configured, there is at least 1 bit can be saved by legacy TPMI/TRI indication scheme as in Rel-15, compared to the other alternatives. Therefore, the legacy TPMI/TRI indication scheme as in Rel-15 can be adopted when maxRank = 2 is configured. When maxRank > 1 is configured, same payload size is needed for all alternatives, in this case, Alt 1 can be adopted.
[bookmark: _Ref134570346]Table 6: Payload size of precoding information and the number of layers indication for precoders considered for Ng = 2
	maxRank
	Total number of TPMIs
	Payload size (bits)

	
	
	legacy TPMI/TRI indication scheme as in Rel-15((i.e., a single 8TX TPMI is jointly indicated with TRI))
	Alt 1: Indicate 2 UL 4TX TPMI/TRIs
	Alt 2: Indicate layer splitting combination and the corresponding 4TX TPMIs

	1
	32
	5
	5 + 5= 10

	1 + 4= 5


	2
	32 + 272 = 304
	9
	5 + 5= 10
	3+4 + 4 = 11

	3
	32 + 272 + 264 = 568
	10
	5 + 5= 10
	4+4 + 4 = 12

	4
	32 + 272 + 264 + 68 = 636
	10
	5 + 5= 10
	4+4 + 4 = 12

	5
	32 + 272 + 264 + 68  + 64 = 700
	10
	5 + 5= 10
	4+4 + 4 = 12

	6
	32 + 272 + 264 + 68  + 64 + 16 = 716
	10
	5 + 5= 10
	4+4 + 4 = 12

	7
	32 + 272 + 264 + 68  + 64 + 16 + 16 = 732
	10
	5 + 5= 10
	5+4 + 4 = 13

	8
	32 + 272 + 264 + 68  + 64 + 16 + 16 + 4 = 736
	10
	5 + 5= 10
	5+4 + 4 = 13


[bookmark: _Ref134871282]Proposal 8:  On TPMI/TRI indication for precoders considered for Ng = 2, 
· When maxRank = 1 is configured, one of the following TPMI/TRI indication schemes is adopted:
· Option 1: A single 8Tx TPMI is indicated;
· Option 2:
· One bit is used to indicate the layer splitting combination;
· 4 bits are used to indicate a UL 4TX rank-1 TPMI;
· When maxRank = 2 is configured, the following TPMI/TRI indication scheme is adopted:
· A single 8Tx TPMI is indicated;
· When maxRank > 1 is configured, the following scheme is considered:
· Two UL 4TX TPMI/TRIs are indicated, and the two UL 4TX TPMI/TRIs are indicated by two groups of bits separately;
· The first TPMI/TRI is applied on one of antenna group, and the second TPMI/TRI is applied on the other antenna group
· For each bit group, there is one value to indicate TRI= 0 (i.e., the antenna ports corresponding to the group are unused).
Since the codebook design for Ng = 4 has not finished yet, the comparison of payload size of schemes on precoding information and the number of layers indication for precoders considered for Ng = 4 cannot be provided yet. Similar as that for TPMI/TRI indication for Ng = 2, it is possible that different schemes are used for different maxRank values for TPMI/TRI indication for Ng = 4.
[bookmark: _Ref134871286]Proposal 9:  On TPMI/TRI indication for precoders considered for Ng = 4, at least one of the following schemes is supported:
· Option 1: The legacy TPMI/TRI indication scheme as in Rel-15, i.e., a single 8TX TPMI is jointly indicated with TRI;
· Option 2:
· Up to four 2TX TPMI/TRIs are indicated, and each 2TX TPMI/TRI is indicated by a group of dedicated bits;
· For each bit group, there is one value to indicate TRI= 0 (i.e., the antenna ports corresponding to the group are unused);
· Option 3:
· One or more bits are used to indicate the layer splitting combination;
· Up to four 2TX TPMI are indicated
· Each 2TX TPMI is indicated by a group of dedicated bits;
· The 2TX TPMIs are one-to-one mapped to the antenna groups, and each 2TX TPMI corresponding to a TRI indicated by the layer splitting combination.
· FFS the applied option for each maxRank.
For a UE configured with a codebook subset includes precoders for multiple Ng cases, some additional bits for Ng indication can be included in the TPMI/TRI indication field. Then the above mentioned TPMI/TRI indication method can be used.
[bookmark: _Ref134871289]Proposal 10:  On TPMI/TRI indication for a UE configured with a codebook subset includes precoders for multiple Ng cases, one or two bits for Ng indication is considered in the TPMI/TRI indication field.

4. 2 CWs transmission
In RAN1 #110bis-e meeting, the following working assumption on dual CW transmission has been achieved [4]:
	Working Assumption
For uplink transmission with rank>4, support dual CW transmission.


Figure 3 provides performance comparison of UL 8TX transmission with 1 CW and 2 CWs for rank= 5/6/7/8. It can be seen from the evaluation results that compared to 1 CW, obvious performance gain can be achieved by 2 CWs.
[bookmark: _Ref118733842][image: ]
[bookmark: _Ref134870876]Figure 3: Performance comparison between 1 CW and 2 CWs
[bookmark: _Hlk127542811]Observation 3: For 8TX PUSCH with rank 5~8, compared to PUSCH transmission with 1 CW, 
· When the precoder is SVD-based, the average performance gain of PUSCH transmission with 2 CWs is 0.76%~24.13%.
Considering the benefits of 2 CWs for rank > 4, the working assumption on supporting 2 CWs for UL transmission with rank > 4 should be confirmed. Besides, for PUSCH transmission with more than 4 layers, we prefer to only support 2 CWs transmission.
[bookmark: _Ref134871292][bookmark: _Hlk127542822]Proposal 11: Confirm the following working assumption:
· For uplink transmission with rank>4, support dual CW transmission.
[bookmark: _Ref134871296]Proposal 12: For PUSCH transmission with rank>4, UE always applies 2 CWs transmission.
For PDSCH, RRC parameter maxNrofCodewordsScheduledByDCI is used to indicate whether two codeword transmission is enabled (i.e., whether 2 MCS/RV/NDI fields are included in the DCI scheduling PDSCH). For codebook based PUSCH transmission, RRC parameters maxRank and maxRankDCI-0-2 in pusch-Config are used to indicate the maximum number of layers for PUSCH transmission for DCI format 0_1 and 0_2 respectively. Since 2 CWs transmission is only supported for rank>4, maxRank and maxRankDCI-0-2 can be used to indicate whether two CWs transmission is enabled for DCI format 0_1 and 0_2 respectively.
[bookmark: _Ref134871300][bookmark: _Hlk127542850]Proposal 13: For codebook based 8TX PUSCH transmission, maxRank and maxRankDCI-0-2 are used to indicate whether two CWs transmission is enabled for DCI format 0_1 and 0_2 respectively.
For non-codebook based PUSCH transmission, RRC parameter maxMIMO-Layers, if is configured, in PUSCH-ServingCellConfig is used to indicate the maximum number of layers for PUSCH transmission, otherwise, the maximum number of layers for non-codebook based PUSCH transmission is given by the maximum number of layers for PUSCH supported by the UE. Since 2 CWs transmission is only supported for rank>4, maxMIMO-Layers and UE’s capability on the maximum number of layers for PUSCH supported by the UE can be used to indicate whether two CWs transmission is enabled for non-codebook based PUSCH transmission.
[bookmark: _Ref134871305][bookmark: _Hlk127542870]Proposal 14: For non-codebook based 8TX PUSCH transmission, maxMIMO-Layers, if is configured, is used to indicate whether 2 CWs transmission is enabled; if maxMIMO-Layers is not configured, if the maximum number of layers for PUSCH supported by the UE is larger than 4, 2 CWs transmission is enabled, and if the maximum number of layers for PUSCH supported by the UE is no more than 4, 2 CWs transmission is disabled.
In RAN1 #112 meeting, the following agreement has been achieved on NDI and RV indication for dual CW 8TX PUSCH transmission [3]:
	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


It is our view that the second set of NDI (1 bit) and RV (2 bits) should be indicated by two new fields for the second CW respectively. 
[bookmark: _Ref134871308]Proposal 15: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, two new fields are used to indicate the second set of NDI (1 bit) and RV (2 bits) fields respectively.
5. Full power transmission
In RAN1 #112bis-e meeting, the following agreement was achieved on full TX power for codebook-based UL transmission[2]:
	Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 



For full power transmission with Mode0, the legacy power control strategy can be reused, i.e., scaling factor s=1 for all precoders is supported for UL 8TX.
[bookmark: _Ref134871311][bookmark: _Hlk127542886]Proposal 16: For an 8TX UE with UE Capability 1, scaling factor s=1 for all precoders is supported.
Since the designs of full power transmission Mode1 and Mode2 are highly related to the codebook design, whether full power transmission Mode1 and/or Mode2 is supported and details of Mode1 and Mode2 (if supported) can be discussed after the codebook design for UL 8TX transmission are finished.
[bookmark: _Ref134871314]Proposal 17: For full power PUSCH transmission by an 8TX UE, delay the discussion on whether and how to support full power transmission Mode 1 and Mode 2 until the codebook design for UL 8TX transmission is finished.
6. Conclusions
In this contribution, we provided our views on the enhancements for enabling UL 8TX. We have the following observations and proposals:
Proposal 1: For non-coherent uplink precoding with rank ≤ 8 by an 8TX UE, Alt 1 is supported:
· Alt1 – All 255 combinations from 8 non-coherent rank1 precoders are supported.
Proposal 2: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, the following rank and layer splitting cases are supported:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	· 
	(1,1)

	3
	· 
	(1,2)

	4
	· 
	(2,2)

	5
	· 
	(2,3)

	6
	· 
	(3,3)

	7
	· 
	(3,4)



Proposal 3: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2,Proposal 3: For partially coherent uplink precoding by an 8TX UE codebook, Ng=2,
· 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 4: For partially coherent uplink precoding by an 8TX UE codebook, Ng=4,
· At least the following rank and layer splitting cases are supported:
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)

	6
	·  
	Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)


Proposal 5: For codebook -based 8TX PUSCH transmission, Alt 1 is supported:
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more  Ng cases, i.e., Ng =4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8.
Proposal 6: For codebook-based 8TX PUSCH transmission,
· The following Ng combinations are supported for fully-coherent UEs (Ng =1):
· One Ng cases from Ng = 1,2, 4,8, i.e. (1), (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
· Combination of Ng = 1, Ng =8 and one or two Ng cases from Ng = 2,4, i.e. (1,2,8), (1,4,8), (1,2,4, 8).
· The following Ng combinations are supported for partially-coherent UEs with Ng =2:
· One Ng cases from Ng = 2, 4,8, i.e. (2), (4), (8);
· Combination of Ng = 8 and one or two Ng cases from Ng = 2,4, i.e. (2,8), (4,8), (2,4, 8);
· The following Ng combinations are supported for partially-coherent UEs with Ng =4:
· One Ng cases from Ng =  4,8, i.e. (4), (8);
· Combination of Ng = 8 and Ng = 4, i.e. (4, 8).
Proposal 7: On TPMI/TRI indication for precoders considered for Ng = 1, the legacy TPMI/TRI indication scheme as in Rel-15 (i.e., a single 8TX TPMI is jointly indicated with TRI) is adopted, i.e., a single 8TX TPMI is jointly indicated with TRI.
· When maxRank = 1 is configured, one of the following TPMI/TRI indication scheme is adopted:
· Option 1: A single 8Tx TPMI is indicated;
· Option 2:
· One bit is used to indicate the layer splitting combination;
· 4 bits are used to indicate a UL 4TX rank-1 TPMI;
· When maxRank = 2 is configured, the following TPMI/TRI indication scheme is adopted:
· A single 8Tx TPMI is indicated;
· When maxRank > 1 is configured, the following scheme is considered:
· Two UL 4TX TPMI/TRIs are indicated, and the two UL 4TX TPMI/TRIs are indicated by two groups of bits separately;
· The first TPMI/TRI is applied on one of antenna group, and the second TPMI/TRI is applied on the other antenna group
· For each bit group, there is one value to indicate TRI= 0(i.e., the antenna ports corresponding to the group are unused).
Proposal 8:  On TPMI/TRI indication for precoders considered for Ng = 2,
· When maxRank = 1 is configured, one of the following TPMI/TRI indication schemes is adopted:
· Option 1: A single 8Tx TPMI is indicated;
· Option 2:
· One bit is used to indicate the layer splitting combination;
· 4 bits are used to indicate a UL 4TX rank-1 TPMI;
· When maxRank = 2 is configured, the following TPMI/TRI indication scheme is adopted:
· A single 8Tx TPMI is indicated;
· When maxRank > 1 is configured, the following scheme is considered:
· Two UL 4TX TPMI/TRIs are indicated, and the two UL 4TX TPMI/TRIs are indicated by two groups of bits separately;
· The first TPMI/TRI is applied on one of antenna group, and the second TPMI/TRI is applied on the other antenna group
· For each bit group, there is one value to indicate TRI= 0 (i.e., the antenna ports corresponding to the group are unused).
Proposal 9:  On TPMI/TRI indication for precoders considered for Ng = 4, at least one of the following schemes is supported:
· Option 1: The legacy TPMI/TRI indication scheme as in Rel-15, i.e., a single 8TX TPMI is jointly indicated with TRI;
· Option 2:
· Up to four 2TX TPMI/TRIs are indicated, and each 2TX TPMI/TRI is indicated by a group of dedicated bits;
· For each bit group, there is one value to indicate TRI= 0 (i.e., the antenna ports corresponding to the group are unused);
· Option 3:
· One or more bits are used to indicate the layer splitting combination;
· Up to four 2TX TPMI are indicated
· Each 2TX TPMI is indicated by a group of dedicated bits;
· The 2TX TPMIs are one-to-one mapped to the antenna groups, and each 2TX TPMI corresponding to a TRI indicated by the layer splitting combination.
· FFS the applied option for each maxRank.
Proposal 10:  On TPMI/TRI indication for a UE configured with a codebook subset includes precoders for multiple Ng cases, one or two bits for Ng indication is considered in the TPMI/TRI indication field.
Proposal 11: Confirm the following working assumption:
· For uplink transmission with rank>4, support dual CW transmission.
Proposal 12: For PUSCH transmission with rank>4, UE always applies 2 CWs transmission.
Proposal 13: For codebook based 8TX PUSCH transmission, maxRank and maxRankDCI-0-2 are used to indicate whether two CWs transmission is enabled for DCI format 0_1 and 0_2 respectively.
Proposal 14: For non-codebook based 8TX PUSCH transmission, maxMIMO-Layers, if is configured, is used to indicate whether 2 CWs transmission is enabled; if maxMIMO-Layers is not configured, if the maximum number of layers for PUSCH supported by the UE is larger than 4, 2 CWs transmission is enabled, and if the maximum number of layers for PUSCH supported by the UE is no more than 4, 2 CWs transmission is disabled.
Proposal 15: To support dual CW PUSCH transmission for rank>4 by an 8TX UE, two new fields are used to indicate the second set of NDI (1 bit) and RV (2 bits) fields respectively.
Proposal 16: For an 8TX UE with UE Capability 1, scaling factor s=1 for all precoders is supported.
Proposal 17: For full power PUSCH transmission by an 8TX UE, delay the discussion on whether and how to support full power transmission Mode 1 and Mode 2 until the codebook design for UL 8TX transmission is finished.
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8. Annex
[bookmark: _Ref131640853]Table 7: SLS simulation parameters for 8Tx UL operation
	Parameter
	Value

	Carrier frequency 
	3.5 GHz

	Bandwidth
	20 MHz

	SCS
	30 kHz

	Scenario
	Indoor FWA: Umi(ISD=200m),100% Indoor, 3km/h

	Antennas at UE
(M,N,P,Mg,Ng)
	Ng=1
	4Tx: (1,2,2,1,1), (dH,dV)=(0.5,0.5)λ
8Tx: (2,2,2,1,1), (dH,dV)=(0.5,0.5)λ
        (1,4,2,1,1), (dH,dV)=(0.5,0.5)λ

	
	Ng=2
	8Tx: (1,2,2,1,2), (dH,dV)=(0.5,0.5)λ
(1,2,2,2,1), (dH,dV)=(0.5,0.5)λ

	Antennas at gNB
(M,N,P,Mg,Ng,Mp,Np)
	(8,8,2,1,1,4,8), (dH,dV)=(0.5,0.8)λ

	MIMO scheme
	SU-MIMO

	Modulation
	Up to 64 QAM

	Traffic model
	FTP model 1: Packet size 500KB, RU~= 50%

	UE power rating
	23 dBm

	Power control
	P0 = -50, Alpha = 0.8
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