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Introduction
In RAN1 #113, the following agreements on SRI/TPMI indication for 8Tx transmission have been achieved.
	Agreement
For codebook-based 8TX PUSCH transmission, Alt3 is supported, where 
· 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

Agreement
To support CBG-based transmission for dual CW PUSCH operation, the range N=2, 4, 6, or 8 is confirmed for the CBGTI bit field.

Agreement
For non-coherent uplink precoding by an 8TX UE, support Alt1., 
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported

Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=4, 
· 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 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),
 
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 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

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

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



Agreement
Confirm the Working Assumption with revision,
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)]


The part in square brackets is still Working Assumption
Note: At least one permutation will be selected in RAN1#114.

[bookmark: _Hlk135683034]Conclusion
In Rel-18, there is no consensus to support CG transmission with dual CW PUSCH by an 8TX UE.

Agreement
For dual CW PUSCH transmission by an 8TX UE, PHY layer priority indicator (if configured) is applied on both codewords.

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· 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. 
· FFS: identification of precoders per rank / per Ng

Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, 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}

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· 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

Agreement
For an 8TX UE, Option 1 is supported,
· Option 1 – Subject to its capability, an 8TX UE may report more than one Ng value, based on which, gNB may RRC configure UE with a codebook corresponding to only one of the supported Ng values.

Agreement
For indication of a fully-coherent precoder (rank and precoder) for PUSCH transmission by an 8TX UE, up to 7 bits are used.
· Number of bits could depend on the configured max rank 

Agreement
For an 8TX UE, there is a single UL-SCH indicator in a scheduling DCI (i.e., formats 0_1, 0_2).
· FFS whether/how to support CSI-only PUSCH when rank>4.




In this contribution, we provide some discussions on SRI/TPMI indication for 8Tx transmission.
Discussion
UL full power 
For UL FP, the first issue is to identify which cases the UL FP cannot be supported. In general, if the uplink transmission is from a subset of antenna ports, it is possible that the UE cannot support full power transmission. 
For Ng=2, the precoder structure in Table 1 has been agreed. The UE can transmit the PUSCH from all 8 ports when number of layers equal to or above 2. Thus, for Ng=2, it is possible that the UL full power transmission cannot be supported for rank 1 only. 
For Ng=4, the precoder structure in Table 2 has been agreed. The UE can transmit the PUSCH from all 8 ports when number of layers equal to or above 4. Thus, for Ng=4, it is possible that the UL full power transmission cannot be supported for rank < 4.
For Ng=8, the UE can transmit the PUSCH from all 8 ports for rank=8 only. Then for Ng = 8, it is possible that the UL full power transmission cannot be supported for rank < 8.
Table 1: Precoder structure for Ng=2
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	(1,1)

	3
	(3,0), (0,3)
	(1,2), (2,1)

	4
	(4,0), (0,4)
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)

	8*
	· 
	(4,4)


*Not agreed, but it is a natural outcome
Table 2: Precoder structure for Ng=4
	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)
	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)

	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),
 
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
	·  
	(1,1,1,1)
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)

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

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

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

	8*
	
	Transmission by 4 of the 4 antenna groups:
(2,2,2,2)


*Not agreed, but it is a natural outcome
Proposal 1: The UL FP transmission should be defined for the following cases:
· Case 1: Ng = 2, rank = 1
· Case 2: Ng = 4, rank < 4
· Case 3: Ng = 8, rank < 8

UL Full Power Mode 1
In RAN1 #113, the following on UL full power mode 1 is agreed.
	Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· 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. 
· FFS: identification of precoders per rank / per Ng



The remaining issue is to identify the precoders for FP for mode 1. Since for UL FP mode 1the UE may apply a transparent open-loop MIMO transmission scheme, e.g., small delay CDD, any of the precoder from the full coherent transmission could be sufficient. Thus, one simple way is to select the first precoder for full coherent transmission for each layer.
Proposal 2: For UL FP mode 1, support the gNB to indicate the first full-coherent precoder for the corresponding rank for the following cases:
· Case 1: Ng = 2, rank = 1
· Case 2: Ng = 4, rank < 4
· Case 3: Ng = 8, rank < 8

UL Full Power Mode 2
In RAN1 #113, the following on UL full power mode 2 is agreed.
	Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· 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




The first issue is the definition of precoder groups for the FP transmission. In general, there can be the following cases:
· Case 1: UE is able to support FP transmission from 1 antenna port
· Case 2: UE is able to support FP transmission from 2 antenna ports
· Case 3: UE is able to support FP transmission from 4 antenna ports
Therefore, the definition of the precoder groups can be based on the NZP antenna ports for the precoder and the cases above.
Proposal 3: The following precoder groups are defined for UL FP transmission mode 2:
· Group 1: Precoders with NZP ports including port {1000}
· Group 2: Precoders with NZP ports including port {1001}
· Group 3: Precoders with NZP ports including port {1002}
· Group 4: Precoders with NZP ports including port {1003}
· Group 5: Precoders with NZP ports including port {1004}
· Group 6: Precoders with NZP ports including port {1005}
· Group 7: Precoders with NZP ports including port {1006}
· Group 8: Precoders with NZP ports including port {1007}
· Group 9: Precoders with NZP ports including port {1000, 1004}
· Group 10: Precoders with NZP ports including ports {1001, 1005}
· Group 11: Precoders with NZP ports including ports {1002, 1006}
· Group 12: Precoders with NZP ports including ports {1003, 1007}
· Group 13: Precoders with NZP ports including ports {1000, 1001, 1004, 1005}
· Group 14: Precoders with NZP ports including ports {1002, 1003, 1006, 1007}
The second issue is the enhancement of SRS configuration. Currently, the number of SRS ports can be configured as 1, 2, 4 or 8. For an 8Tx UE, only 1-port SRS supports UL FP transmission. However, it is possible for the UE to support FP transmission when the 2 or 4 port SRS is indicated. One possible way is that the UE can report the UE capability indicating whether the UE supports full power transmission when 2 or 4 port SRS is indicated.
Proposal 4: Support the UE to report the UE capability indicating whether the UE supports UL FP transmission when 2 or 4 ports SRS is indicated.
Partial coherent precoder 
In RAN1 #113, the following on Ng=4 is agreed.
	Agreement
Confirm the Working Assumption with revision,
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)]


The part in square brackets is still Working Assumption
Note: At least one permutation will be selected in RAN1#114.




The remaining issue is the precoder structure for rank 5 and rank 7. The UE may have different antenna architectures. For some UEs, the two antenna groups may share the same channel properties. Thus, the two antenna ports groups can be QCLed. For some other UEs, the two antenna groups may have different channel properties. Then, the two antenna ports groups are not QCLed. For the first type of UEs, to support the permutation of the layer split is unnecessary. But for the second type of UEs, different performance can be observed from different permutation of the layer split. Therefore, one possible way is to introduce a UE capability indicating whether the UE supports permutation of the layer split or not. Accordingly, the NW can configure whether to enable the permutation of the layer split or not.
Proposal 5: For Ng=2, support layer split (2, 3) and (3, 2) for rank 5, and layer split (3, 4) and (4, 3) for rank 7.
· Support the UE report the UE capability indicating whether the UE supports layer split (3, 2) and (4, 3)
Spatial Domain Fallback operation 
For an 8Tx UE, the gNB may configure it to transmit the uplink signal from 2-port or 4-port as a spatial-domain fallback operation. Currently, UE is only able to report the UE capability indicating one supported full power mode and codebook subset. However, for such fallback operation, the UE may support different operations. For example, the UE may support full power mode 1 or mode 2 for 8Tx, but the UE is able to support the full power mode 0 when it is configured for 4Tx operation. Similarly, the UE may support 4-port partial-coherent transmission for 8Tx, but it is able to support full coherent transmission when it is configured for 4Tx operation. Thus, it is necessary to introduce the UE capability for each number of configured ports for UL transmission.
Proposal 6: Support the 8Tx UE to report the UE capability with regard to spatial domain fallback operation, including:
· Supported UL full power mode when it is configured as 2Tx, 4Tx and 8Tx based UL transmission
· Supported codebook coherency subset when it is configured as 2Tx, 4Tx and 8Tx based UL transmission

TPMI indication
In RAN1 #112b, the following was agreed on TPMI indication.
	Agreement
For partially coherent 8TX precoding with Ng =2, the precoder is based on up to two full-coherent 4TX precoders. Down-select one of the following options for precoder indication,
1. Option 3 – Up to two 4TX TPMIs are indicated,
0. When two TMPIs are indicated, the first is applied on one of antenna group, and the second is applied on the other antenna group,
0. FFS : details of TPMI indication when one antenna group is used
1. Option 4 – A single 8TX TPMI is indicated
1. Other options are not precluded




Usually, joint indication could reduce the overhead for the control signaling. The potential drawback for joint indication is the forward compatibility. The joint indication could not be good for further extension. However, for 8Tx codebook-based transmission, the forward compatibility issue can be handled by enhancing the codebook. Therefore, with regard to the DCI overhead, joint indication (Option 4) is supported.
Proposal 7: For precoder indication, support option 4 (a single 8Tx TPMI is indicated).

CSI only based PUSCH
In RAN1 #113, the following on CSI only based PUSCH is agreed.
	Agreement
For an 8TX UE, there is a single UL-SCH indicator in a scheduling DCI (i.e., formats 0_1, 0_2).
· FFS whether/how to support CSI-only PUSCH when rank>4.




Currently, some advanced codebook could require higher CSI feedback overhead. If the UE is able to transmit the PUSCH from rank > 4, it is necessary to consider to support rank > 4 CSI feedback on PUSCH, which can reduce the required time/frequency resource for the CSI feedback. Therefore, CSI-only PUSCH when rank>4 should be supported, where UE can perform a single channel coding for the CSI and transmits the coded bits on all the scheduled layers.
Proposal 8: Support CSI-only PUSCH with rank>4.
· UE transmits the CSI on all the scheduled layers

Conclusion
In this contribution, we provided discussion on 8Tx enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: The UL FP transmission should be defined for the following cases:
· Case 1: Ng = 2, rank = 1
· Case 2: Ng = 4, rank < 4
· Case 3: Ng = 8, rank < 8
Proposal 2: For UL FP mode 1, support the gNB to indicate the first full-coherent precoder for the corresponding rank for the following cases:
· Case 1: Ng = 2, rank = 1
· Case 2: Ng = 4, rank < 4
· Case 3: Ng = 8, rank < 8
Proposal 3: The following precoder groups are defined for UL FP transmission mode 2:
· Group 1: Precoders with NZP ports including port {1000}
· Group 2: Precoders with NZP ports including port {1001}
· Group 3: Precoders with NZP ports including port {1002}
· Group 4: Precoders with NZP ports including port {1003}
· Group 5: Precoders with NZP ports including port {1004}
· Group 6: Precoders with NZP ports including port {1005}
· Group 7: Precoders with NZP ports including port {1006}
· Group 8: Precoders with NZP ports including port {1007}
· Group 9: Precoders with NZP ports including port {1000, 1004}
· Group 10: Precoders with NZP ports including ports {1001, 1005}
· Group 11: Precoders with NZP ports including ports {1002, 1006}
· Group 12: Precoders with NZP ports including ports {1003, 1007}
· Group 13: Precoders with NZP ports including ports {1000, 1001, 1004, 1005}
· Group 14: Precoders with NZP ports including ports {1002, 1003, 1006, 1007}
Proposal 4: Support the UE to report the UE capability indicating whether the UE supports UL FP transmission when 2 or 4 ports SRS is indicated.
Proposal 5: For Ng=2, support layer split (2, 3) and (3, 2) for rank 5, and layer split (3, 4) and (4, 3) for rank 7.
· Support the UE report the UE capability indicating whether the UE supports layer split (3, 2) and (4, 3)
Proposal 6: Support the 8Tx UE to report the UE capability with regard to spatial domain fallback operation, including:
· Supported UL full power mode when it is configured as 2Tx, 4Tx and 8Tx based UL transmission
· Supported codebook coherency subset when it is configured as 2Tx, 4Tx and 8Tx based UL transmission
Proposal 7: For precoder indication, support option 4 (a single 8Tx TPMI is indicated).
Proposal 8: Support CSI-only PUSCH with rank>4.
· UE transmits the CSI on all the scheduled layers


