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1 Introduction
Targeting CPE/FWA/vehicle/industrial devices, 8-Tx related UL operation is considered as an essential feature for 5G-Advanced. In previous RAN1 meetings, enhancement for 8-Tx UL transmission, such as UE antenna layout for full-coherent, partial-coherent and non-coherent UEs, codebook-based and non-codebook-based transmission with maximal number of 8 layers, PUSCH with 2 CWs, and full power transmission scheme were discussed and some progress has been reached. 
In this contribution, we provide analysis and evaluation on SRI/TPMI enhancement for 8-Tx with codebook-based transmission, 2 CWs, and full power scheme.
2 UL 8-Tx codebook based transmission
For codebook based transmission scheme design, the following aspects should be considered:
· UL precoding matrices, i.e., candidate TPMI/precoding matrix set
· Codebook (# of layers + TPMI) indication scheme in DCI
2.1 UL precoding matrices
2.1.1 Full-coherent 8-Tx codebook 
It was agreed to support NR Rel-15 single panel DL Type I codebook for full-coherent 8-Tx codebook design, and following agreements and conclusion were reached in previous meetings. 
	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)
6. whether for all rank, or rank 1-2, or rank 3-8
6. applicability of different (O1, O2) values per agreed (N1, N2)
6. companies are encouraged to submit simulation results

Conclusion
[bookmark: _Hlk134197504]For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.



Based on the above agreements and conclusion, (O1, O2) = (1, 1) has been supported for  (N1, N2) = (4, 1) and (N1, N2) = (2, 2), and no consensus to support other over-sampling ratios for (O1, O2).
Next step, the value range of parameters of DL Type-I 8-Tx codebook, such as i1,1, i1,2, i1,3, i2 for codebookMode=1, should be determined for UL full-coherent 8-Tx codebook. There are only 120 and 128 precoding candidates for (N1, N2) = (4, 1) and (N1, N2) = (2, 2) with (O1, O2) = (1, 1) respectively for current DL 8-Tx type-I codebook. It is not a big burden for codebook selection and indication for PUSCH, thus we prefer not to further reduce the number of candidates, and to reuse the definition of i1,1 and i1,2 in DL Type-I codebook which is a function of (N1, N2, O1, O2), and to reuse the definition and range of i1,3 and i2 in DL Type-I codebook for each rank.
Proposal 1: Regarding full-coherent codebook design for UL 8-Tx based on Rel-15 DL type I codebook,
· Definition and range of (i1,1, i1,2, i1,3, i2) in DL Type-I 8-Tx codebook should be reused.
2.1.2 Partial-coherent 8-Tx codebook 
It has been agreed as follows that for partially/non-coherent precoding, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) should be used as the starting point for design of codebook. Layer splitting was discussed for Ng=2 and Ng=4 with the following agreements and working assumptions. 
	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)



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)




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)






Partial-coherent 8-Tx comprises partial-coherent type 1 for Ng=2, and partial-coherent type 2 for Ng=4. Further analys is listed below. 
Partial-coherent type 1 for Ng=2
· 
For Ng=2, the precoder can be expressed as , where rank=rank(A1) + rank(A2) is one of 1, 2, ..., or 8, rank(A1) or rank(A2) can be one of 0-4, and A1 and A2, if not empty, correspond to only full coherent 4Tx precoders.
· To reduce number of candidate codebooks for 8Tx with this partial-coherent type, combination of rank(A1) and rank(A2) (i.e., layer splitting scheme) can be restricted. The combination was agreed for rank 1 and 8, and working assumption was reached for rank 2-7 as above. During the last meeting, it was argued whether permutation is needed. That is, for an odd value of a rank, e.g., 5, whether both 2+3 and 3+2 are needed. Based on our simulation, we do not see the need to support permutation for rank 3, 5 and 7 due to less than 1% average loss as shown in Figure 1. The three cases in the Figure 1 are balanced codebook set with both 1+2, 2+3, 3+4, and 2+1, 3+2, 4+3, balanced codebook subset-1 with only 1+2, 2+3, 3+4 and balanced codebook subset-2 with only 2+1, 3+2, and 4+3. Note that more parameters can be found in Table A-1.
[image: 8Tx]
Figure 1 Comparison among codebook with balanced codebook set, balanced codebook subset-1, and balanced codebook subset-2
Note: This above structure of precoder is only for per-port-group TPMI discussion, and it may need further port index mapping to align with coherent relation among ports of port groups in an 8-port precoder.
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the Working Assumptions with the following modification:
	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)



Partial-coherent type 2 for Ng=4
· 
For Ng=4, the precoder can be expressed as  where rank=rank(A1) + rank(A2) + rank(A3) + rank(A4) is one of 1, 2, ..., or 8, rank(A1), rank(A2), ..., or rank(A2) can be one of 0-2, and A1, A2, A3 and A4, if not empty, correspond to only full coherent 2Tx precoders.
· To reduce number of candidate codebooks for 8Tx with this partial-coherent type, combination of rank(A1), rank(A2), rank(A3) and rank(A4) (i.e., layer splitting scheme) can be restricted. The rule for down-selection layer splitting for Ng=2 can be reused for Ng=4.
· The combination was agreed for rank 1, 2, 4 and 8, and further study is needed for rank 3, 5, 6 and 7 as above. 
· Permutation can be further reduced for 4 groups, that is, no need to support all permutations for 4 groups. Especially for higher ranks, there is no need to support larger number of combinations. 
· For rank 4, there is no need to support more layer combinations besides those were agreed, such as splitting across 3 of the 4 antenna groups.
Proposal 3: For partially coherent uplink precoding by an 8TX UE, Ng=4, support the following down selections:
	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)



2.1.3 Port indexing for port groups 
It was discussed and reached an agreement as follows on port indexing for port groups. 
	Agreement
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}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

Agreement (in A.I. 9.1.3.2)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.


Regarding port indexing for UL 8Tx, it needs to consider the requirement of higher coherent level UE supporting codebooks of lower coherent level, e.g., full-coherent UE supports codebooks for partial-coherent or non-coherent dynamically as legacy. If following the same rule, fully coherent port indexing should be aligned with partial-coherent with Ng=2, and Ng=4, as shown in Figure 2. 
· For Ng=4, four coherent groups of {0, 4}, {2, 6}, {1, 5}, {3, 7} should be supported. 
· For Ng=2, we have following two alternatives. Considering two antenna polarized pairs with limited distance between two pairs are more likely in one 4-port group in reality, so Alt B is slightly better. However, a similar issue was discussed in A.I. 9.1.3.2 for port index grouping for different comb offsets for 8 port SRS. And a port index grouping with following Alt A was agreed as above. So we do not need a different port index grouping for 8-Tx codebook, and Alt A is preferred. 
· Alt A: Two coherent groups of {0, 2, 4, 6} and {1, 3, 5, 7} 
· Alt B: Two coherent groups of {0, 1, 4, 5} and {2, 3, 6, 7} 
[image: ]
Figure 2 UL 8 Tx port indexing developed from UL 2Tx, 4Tx codebook port indexing scheme
According to above analysis and port indexing as shown in Figure 2, we have the following down selection. 
Proposal 4: Regarding port index order, follow the same port index grouping scheme as AI 9.1.3.2 for different comb offsets for 8 port SRS
· For Ng=2: two coherent groups of {0,2,4,6} and {2,3,5,7} (Alt 1)
· For Ng=4: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} (Alt 1)
2.1.4 Non-coherent 8-Tx codebook 
It was agreed as follows in previous meetings on non-coherent 8Tx codebook design. 
	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 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



There are up to 255 candidates for non-coherent codebooks considering full flexibility. For 8-Tx non-coherent codebooks, such high flexibility may not be quite necessary due to large signaling overhead. To reduce the number of candidate non-coherent codebooks, UE antenna layout may be considered. 
· For instance, a starting port index + a number of “consecutive” ports can be considered for selecting port combinations for non-coherent codebook. 
· A starting port index can be the first port in a port group, such port 0 for 1 port group, port 0 and 1 for 2 port groups, port 0, 1, 2 and 3 for 4 port groups. 
· Consecutive ports can be (0,4,2,6,1,5,3,7) if considering polarization.
· As an example, a set of port combinations are shown in Table 1 considering the ports relation of UE antenna layout in Figure 2. 
Table 1 Numbers of candidate non-coherent codebooks
	Rank
	Ports selection

	1
	8: (0), (4), (2), (6), (1), (5), (3), (7)

	2
	8: (0,4), (2,6), (1,5), (3,7), (0,2), (1,3), (4,6), (5,7)

	3
	6: (0,4,2), (1,5,3) (2,6,0), (3,7,1), (0,1,2), (4,5,6)

	4
	4: (0,4,2,6), (1,5,3,7), (0,1,2,3), (4,5,6,7)

	5
	2: (0,4,2,6,1), (1,5,3,7,0)

	6
	2: (0,4,2,6,1,5), (1,5,3,7,0,4)

	7
	1: (0,4,2,6,1,5,3)

	8
	1: (0,4,2,6,1,5,3,7)

	total
	32



Proposal 5: Regarding non-coherent codebook design, only a subset of combinations from 8 non-coherent rank1 precoders are supported (Alt2), and the following port selection scheme can be studied and evaluated as a starting point. 
	Rank
	Ports selection

	1
	8: (0), (4), (2), (6), (1), (5), (3), (7)

	2
	8: (0,4), (2,6), (1,5), (3,7), (0,2), (1,3), (4,6), (5,7)

	3
	6: (0,4,2), (1,5,3) (2,6,0), (3,7,1), (0,1,2), (4,5,6)

	4
	4: (0,4,2,6), (1,5,3,7), (0,1,2,3), (4,5,6,7)

	5
	2: (0,4,2,6,1), (1,5,3,7,0)

	6
	2: (0,4,2,6,1,5), (1,5,3,7,0,4)

	7
	1: (0,4,2,6,1,5,3)

	8
	1: (0,4,2,6,1,5,3,7)

	Total
	32



2.2 On TPMI and number of layers indication 
In last RAN1 meeting, SRI, TPMI and rank indication were discussed, and one agreement was reached as below. 
	Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication


Regarding indication of TPMI and rank, with above design for full/partial/non-coherent 8-Tx codebooks, indication of the codebooks including indication of rank (i.e., number of layers), and TPMI/precoding matrix, as shown in Table 2, should be further designed. 
Table 2 Rank(s) and TPMI(s) to be indicated
	case
	# of layers
	separate TPMI

	1 group
	rank (1~8)
	Parameters to generate a 8Tx precoder

	2 groups-1
	rank (0~4)
	UL 4-Tx TPMI

	2 groups-2
	rank (0~4)
	UL 4-Tx TPMI

	4 groups-1
	rank (0~2)
	UL 2-Tx TPMI

	4 groups-2
	rank (0~2)
	UL 2-Tx TPMI

	4 groups-3
	rank (0~2)
	UL 2-Tx TPMI

	4 groups-4
	rank (0~2)
	UL 2-Tx TPMI

	8 groups-1
	rank (0~1)
	

	8 groups-2
	rank (0~1)
	

	8 groups-3
	rank (0~1)
	

	8 groups-4
	rank (0~1)
	

	8 groups-5
	rank (0~1)
	

	8 groups-6
	rank (0~1)
	

	8 groups-7
	rank (0~1)
	

	8 groups-8
	rank (0~1)
	


Generally, there are following options:
· Option A. One joint field to indicate one or more ranks + one or more TPMIs,
· First part of entries in the table corresponds to candidate codebooks for full-coherent, and each entry indicates one rank value + one TPMI
· Second part of entries in the table correspond to candidate codebooks for partial-coherent codebooks, each entry indicates two/four rank values + two/four TPMIs. 
· Third part of entries in the table correspond to candidate codebooks for non-coherent codebooks, each entry indicates 8 rank values with 0 or 1.
· Option B. Each port group corresponding to separate field: indication of rank+TPMI for a port group
· Additional indication for number of port groups is needed, e.g., at most 2 bits to indicate Ng is one of 1, 2, 4, or 8. 
· One or more fields is determined based on number of port groups. 
· Option C. One field for rank combination indication, and zero or more fields for one or more TPMIs (each for one port group).
· Rank combination indication also indicates number of port groups, so no additional indication for number of port groups is needed, as for Option B.
Among the above 3 options, Option A is the best from perspective of overhead, but it would cause a complicated spec effort; Option B and C seem better from perspective of logic, so they are easier to be specified. Since Option C has a larger overhead, Option B is preferred. That is individual TPMI indication for each group based on indication of number of port groups should be adopted. 
· For instance, we can introduce a new field in DCI format 0_1 to indicate number of port groups, i.e., value of an Ng. Note that DCI indicates one Ng based on the RRC configured subset of Ng. If RRC configures only one Ng, the indication field of number of port groups is not present in DCI. 
· Then, individual TPMI indication for each group based on indication of number of port groups
· For 1-group: one TPMI indicates one 8Tx precoder which needs new defined UL 8Tx codebook for rank 1-8
· For 2-group: 2 TPMI (rank and UL precoding info), and each for a respective port group
· For 4-group: 4 TPMI (rank and UL precoding info), and each for a respective port group
· For 8-group or non-coh: 8 or less bits indicate presence of respective ports
Proposal 6: Regarding codebook indication for 8-Tx, individual TPMI indication for each group based on indication of number of port groups should be supported:
· For 1-group: one TPMI indicates one 8Tx precoder which needs new defined UL 8Tx codebook for rank 1-8
· For 2-group: 2 TPMI (rank and UL precoding info), and each for a respective port group
· For 4-group: 4 TPMI (rank and UL precoding info), and each for a respective port group
· For 8-group or non-coh: 8 or less bits indicate presence of respective ports

Regarding tradeoff between overhead and performance, as mentioned above, smaller value of O1/O2 for DL codebook based scheme, only full-coherent TPMIs have been agreed for UL codebook based scheme. Smaller candidate set of non-coherent ports was discussed in last meeting. 
Besides, the number of candidate Ng which can be indicated dynamically via DCI is another aspect which is worth being considered. It was discussed in last meeting and agreement as below was reached.
	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.


· For NR Rel-15 4Tx UL codebook design, a UE supporting full-coherent ports could support partial-coherent and non-coherent codebooks by default. That means if full-coherent 8-Tx ports (e.g., one port group, Ng=1) is supported, partial-coherent (e.g., Ng=2, and Ng=4) codebooks and non-coherent codebooks (e.g., Ng=8) can also be supported. 
· For overhead reduction, the number of Ng(s) which needs to be considered for precoder indication in DCI can be reduced based on RRC configuration. Among the three Alts in the above agreement, Alt1 is the best based on the following analysis.
· Alt3 supports only one value of Ng for precoder selection and cannot be updated or changed via RRC configuration, MAC CE or DCI. It is too restrictive and not preferred. 
· Alt2 supports one value of Ng for precoder selection, and can be updated or changed via RRC or MAC CE. RRC configuring one Ng is not good because of large delay for updating. MAC CE updating can be acceptable, but needs a design for a new MAC CE. 
· Alt1 is most flexible. On one aspect, one or more values of Ng can be configured for precoder selection which reduce the number of candidate precoders for precoder indication in DCI. E.g., for full coherent UE, Ng=1 and 2 are configured for precoder selection. The number of precoders can be greatly reduced compared with legacy nested structure, while flexibility to select precoders of more than one Ng still remains. NW can update a proper subset of Ng for a UE based on a long term evaluation. One another aspect, indication of Ng for precoder indication in a DCI can be based on the configured subset of Ng. The overhead of indication of Ng can be reduced. Structure of rank and TPMI field can be based on the value of indicated Ng. 
Proposal 7: For codebook -based 8TX PUSCH transmission, Alt1 in the agreement in RAN1#112b-e as follows should be 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 8: Regarding overhead reduction for codebook indication for 8-Tx:
· A set of available Ng(s) can be configured by RRC, and then one from the set can be dynamically indicated for a scheduled PUSCH transmission.
· For instance, for a UE supporting full-coherent 8-Tx ports, a list of candidate values of Ng=1, and Ng=2 can be configured by RRC, and DCI only needs to indicate one of them as UL codebook selection.
3 Two CWs for 8-Tx UL transmission
In RAN1#112b-e meeting, the agreement was endorsed as follows. 
	Agreement
To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the DL principle for CBGTI DCI field is reused where,
· The first half of CBGTI field bits is used to indicate the transmission state of CBGs of the first transport block, while the second half of CBGTI field bits is used to indicate the transmission state of CBGs of the second transport block.
· The bit field may be configured to have a length of N bits that can support operation of N/2 CBGs , where N=[2, 4, 6 or 8].


Given that DL principle for CBGTI DCI field is reused for dual CW PUSCH transmission, the candidate values of the bit size of CBGTI field should follow legacy DL principle as well, which means that N = 2, 4, 6 or 8 should be confirmed. 
Proposal 9: To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the range N=[2, 4, 6 or 8] is supported for the CBGTI bit field.
Besides dynamical scheduling PUSCH, PUSCH transmission further comprises Type-1 CG-PUSCH and Type-2 CG-PUSCH, determination of MCS, RV and TB size for the second transport block of CG-PUSCH should be considered as well. 
According to TS 38.214, MCS value is provided in a DCI activating a configured grant Type 2 PUSCH, or provided by mcsAndTBS parameter for a configured grant Type 1 PUSCH, and the higher layer parameter repK-RV defines the redundancy version pattern to be applied to the PUSCH repetitions with a Type 1 or Type 2 configured grant. Hence, the following enhancements should be considered to support PUSCH transmission with two codewords.
· For Type-1 CG-PUSCH, a second mcsAndTBS parameter should be configured for the second TB. 
· For Type-2 CG-PUSCH, a second MCS field should be introduced in DCI format activating a Type-2 CG-PUSCH for the second TB. 
· For RV determination of either Type-1 or Type-2 CG-PUSCH, whether one shared RV sequence or two individual RV sequences can be configured to two codewords needs clarification.  
Proposal 10: To support 2 CWs for CG-PUSCH transmission with rank > 4,
· For Type-1 CG-PUSCH, a second mcsAndTBS parameter is configured for the second CW.
· For Type-2 CG-PUSCH, a second MCS field is indicated in DCI format activating the CG-PUSCH for the second TB.
· FFS: Whether RV sequence parameter (repK-RV) is commonly or individually configured to two codewords. 
4 Full power scheme for 8-Tx UL transmission
The following agreements were reached as follows regarding full power enhancement for UL 8Tx. 
	Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
8. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
8. This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.

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 



8-Tx UL transmission targets high-end devices, such as CPE, FWA, etc., and so we may need to further review the candidate PA architecture. For instance, full power means a typical value of 23dBm for legacy UE with power class 3. But, Rel-18 UL 8Tx UE should support higher maximum power of PA for single-Tx and higher maximum power for multiple-Tx, i.e., full power, such as 26dBm, 32dBm, etc.. 
Regarding full power mode, an agreement as above was reached in the last meeting. Full power mode 0 has been supported. Full power mode 1 and 2 were agreed as working assumption. 
· For mode 1, as less full coherent precoders as possible can be determined later when codebook design is completed. 
· For mode 2, if adopting full power precoder groups such as G0, G1, ... like in Rel-16, it would cause huge spec efforts to list possible precoders for a group due to large number of precoders for 8-Tx. How to define new percoder group can be discussed later when codebook design is completed. But full power PA architecture should be discussed and determined as early as possible. There are 6 PA assumptions for Rel-16 full power mode 2 for 4 ports. Although 8 ports are more than 4 ports in Rel-16, the total number of full power PA architectures does not need to be much larger, e.g., <=8. 
Proposal 11: Regarding full power mode 1 for Rel-18 UL 8-Tx, RAN1 strives to extend limited appropriate full coherent precoders for non-coherent UE,and partial-coherent UE after codebook design is completed.
Proposal 12: Regarding full power mode 2 for Rel-18 UL 8-Tx, full power PA architecture should be discussed and determined as early as possible, and total number of full power PA architectures should be similar to that for Rel-16 full power mode 2.
5 Conclusion
In this contribution, we provide our views on Rel-18 UL 8Tx. Proposals are listed as follows.
Proposal 1: Regarding full-coherent codebook design for UL 8-Tx based on Rel-15 DL type I codebook,
· Definition and range of (i1,1, i1,2, i1,3, i2) in DL Type-I 8-Tx codebook should be reused.
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, confirm the Working Assumptions with the following modification:
	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)



Proposal 3: For partially coherent uplink precoding by an 8TX UE, Ng=4, support the following down selections:
	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)


Proposal 4: Regarding port index order, follow the same port index grouping scheme as AI 9.1.3.2 for different comb offsets for 8 port SRS
· For Ng=2: two coherent groups of {0,2,4,6} and {2,3,5,7} (Alt 1)
· For Ng=4: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} (Alt 1)
Proposal 5: Regarding non-coherent codebook design, only a subset of combinations from 8 non-coherent rank1 precoders are supported (Alt2), and the following port selection scheme can be studied and evaluated as a starting point. 
	Rank
	Ports selection

	1
	8: (0), (4), (2), (6), (1), (5), (3), (7)

	2
	8: (0,4), (2,6), (1,5), (3,7), (0,2), (1,3), (4,6), (5,7)

	3
	6: (0,4,2), (1,5,3) (2,6,0), (3,7,1), (0,1,2), (4,5,6)

	4
	4: (0,4,2,6), (1,5,3,7), (0,1,2,3), (4,5,6,7)

	5
	2: (0,4,2,6,1), (1,5,3,7,0)

	6
	2: (0,4,2,6,1,5), (1,5,3,7,0,4)

	7
	1: (0,4,2,6,1,5,3)

	8
	1: (0,4,2,6,1,5,3,7)

	Total
	32


Proposal 6: Regarding codebook indication for 8-Tx, individual TPMI indication for each group based on indication of number of port groups should be supported:
· For 1-group: one TPMI indicates one 8Tx precoder which needs new defined UL 8Tx codebook for rank 1-8
· For 2-group: 2 TPMI (rank and UL precoding info), and each for a respective port group
· For 4-group: 4 TPMI (rank and UL precoding info), and each for a respective port group
· For 8-group or non-coh: 8 or less bits indicate presence of respective ports
Proposal 7: For codebook -based 8TX PUSCH transmission, Alt1 in the agreement in RAN1#112b-e as follows should be 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 8: Regarding overhead reduction for codebook indication for 8-Tx:
· A set of available Ng(s) can be configured by RRC, and then one from the set can be dynamically indicated for a scheduled PUSCH transmission.
· For instance, for a UE supporting full-coherent 8-Tx ports, a list of candidate values of Ng=1, and Ng=2 can be configured by RRC, and DCI only needs to indicate one of them as UL codebook selection.
Proposal 9: To support dual CW PUSCH operation by an 8TX UE, if CBG-based transmission is configured, the range N=[2, 4, 6 or 8] is supported for the CBGTI bit field.
Proposal 10: To support 2 CWs for CG-PUSCH transmission with rank > 4,
· For Type-1 CG-PUSCH, a second mcsAndTBS parameter is configured for the second CW.
· For Type-2 CG-PUSCH, a second MCS field is indicated in DCI format activating the CG-PUSCH for the second TB.
· FFS: Whether RV sequence parameter (repK-RV) is commonly or individually configured to two codewords. 
Proposal 11: Regarding full power mode 1 for Rel-18 UL 8-Tx, RAN1 strives to extend limited appropriate full coherent precoders for non-coherent UE,and partial-coherent UE after codebook design is completed.
[bookmark: _GoBack]Proposal 12: Regarding full power mode 2 for Rel-18 UL 8-Tx, full power PA architecture should be discussed and determined as early as possible, and total number of full power PA architectures should be similar to that for Rel-16 full power mode 2.
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7 Appendix
Table A-1 SLS simulation parameters for 8-Tx UL operation
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	Network Layout
	Outdoor FWA (38.901): UMa

	BS antenna configuration
	 (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4). (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	8Tx: (M, N, P, Mg, Ng; Mp, Np) = (1,4,2,1,1; 1,4). (dH,dV) = (0.5, 0.5)λ

	Scheduling
	Subband PF

	Traffic model
	FTP model 1: Packet size 500KB, RU~= 70%

	ISD
	500

	UE layout
	100% Outdoor

	UE speed
	3Km/h

	Number of average UE per cell
	6

	RB Number
	50

	Max UE power
	32dBm

	UL power control
	Open loop TPC

	power control parameter
	P0 = -80, Alpha = 0.8

	Modulation
	Up to 64QAM/256QAM

	Layer mapping
	1st CW@RANK1-4, 2nd CW@RANK5-8
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