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[bookmark: _Ref129681832]In RAN1#114bis meeting, there was good progress on enhancements of UL 8TX and with agreements agreed [1].
This contribution mainly focuses on the remaining issues for maintenance and propose related text proposals for UL 8TX.
Full power mode 2
In RAN1#114 meeting, the following agreement has been reached.
	Agreement
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.


In RAN1#114 meeting, antenna port virtualization is supported for 8TX UE, where an SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources. When the 4-port SRS resource or 2-port SRS resource is indicated, the legacy 4-port or 2-port TPMI will be indicated. However, it is unclear which codebookSubset corresponding to the 4-port SRS resource or 2-port SRS resource will be used. This will determine whether the PUSCH can be transmitted with full power, which depends on the UE implementation of antenna port virtualization. 
For partially coherent 8TX UE with Ng=2, if configured with 4-port SRS resource, there can be three typical implementations as shown in Figure 1.
[image: ]
(a)                     (b)                    (c)
Figure 1 8TX UE with Ng=2 configured with 4-port SRS

In Figure 1, the red circles denote the ports of 4-port SRS resource, and the blue circles denote the ports of 8-port SRS resource. For Figure 1a, each 4-port SRS port is connected to two coherent antenna ports. Due to the non-coherence between port group {0,1,4,5} and {2,3,6,7}, the 4-port SRS ports are partially coherent. Hence, the codebookSubset should be 'partialAndNonCoherent'. For Figure 1b and 1c, each 4-port SRS port is connected to one antenna port, and the 4-port SRS ports are fully coherent. Hence, the codebookSubset should be 'fullyAndPartialAndNonCoherent'.
For partially coherent 8TX UE with Ng=2, if configured with a 2-port SRS resource, there can be three typical implementations as shown in Figure 2.
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(a)                (b)                 (c)
Figure 2 8TX UE with Ng=2 configured with 2-port SRS
For Figure 2a, the 2-port SRS ports are non-coherent, and the codebookSubset should be 'nonCoherent'. For Figure 2b and 2c, the 2-port SRS ports are fully coherent, and the codebookSubset should be 'fullyAndPartialAndNonCoherent'.
For partially coherent 8TX UE with Ng=4, if configured with a 4-port SRS resource, there can be two typical implementations as shown in Figure 3.
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(a)                     (b)                
Figure 3 8TX UE with Ng=4 configured with 4-port SRS
For Figure 3a, the 4-port SRS ports are non-coherent, and the codebookSubset should be 'nonCoherent'. For Figure 3b, the 4-port SRS ports are partially coherent, and the codebookSubset should be 'partialAndNonCoherent'.
For partially coherent 8TX UE with Ng=4, if configured with a 2-port SRS resource, there can be two typical implementations as shown in Figure 4.
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(a)                     (b)                
Figure 4 8TX UE with Ng=4 configured with 2-port SRS
For Figure 4a, the 2-port SRS ports are non-coherent, and the codebookSubset should be 'nonCoherent'. For Figure 4b, the 2-port SRS ports are fully coherent, and the codebookSubset should be 'fullyAndPartialAndNonCoherent'.
If only noncoherent codebook is used, then PUSCH cannot be transmitted with full power, because the transmission power is scaled by the ratio between #non-zero-power ports in PUSCH and #ports in SRS resource. Therefore, to support full power transmission by port virtualization, fully coherent codebook should be supported. As the port virtualization is a UE implementation, the supported codebook subset should be reported by UE. Therefore, we have the following proposal.
Proposal 1: When full power mode 2 is configured for UE capable of 8TX UL operation UE, and an 8-port SRS resource is configured together with either a 2-port or 4-port SRS resource,
· The codebookSubset associated with 2-port and 4-port SRS resources is configured by gNB, subject to UE capability.
Text proposals
Based on the above discussion, we have the following text proposal.
Reason of change: For UE capable of 8TX UL operation, when a 2-port SRS resource or a 4-port SRS resource is configured and indicated, the codebookSubset is not clear.
Summary of change: When a 8-port SRS resource is configured, and at lease one 2-port SRS resource or a 4-port SRS resource is configured, the codebookSubset associated with the 4-port and 2-port SRS resources is configured by gNB.
Consequences if not approved: Full power mode 2 based on virtualization is incomplete.
Proposal 2: Endorse the following TP to 38.214.
	< Start of the text proposal >
6.1.1.1 	Codebook based UL transmission
< Unchanged parts are omitted >
When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter codebookSubset or the higher layer parameter codebookSubsetDCI-0-2 is set to 'partialAndNonCoherent', and when the SRS-resourceSet with usage set to "codebook" includes at least one SRS resource with 4 ports and one SRS resource with 2 ports, the codebookSubset associated with the 2-port SRS resource is 'nonCoherent'.
When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter codebookType is set to 'Codebook2' or 'Codebook3', and when the SRS-resourceSet with usage set to "codebook" includes one SRS resource with 8 ports, and at least one SRS resource with 2 ports or 4 ports, the codebookSubset associated with the 2-port SRS resource is configured as 'fullyAndPartialAndNonCoherent' or 'nonCoherent' subject to UE capability, and codebookSubset associated with the 4-port SRS resource is configured as 'fullyAndPartialAndNonCoherent' or ' partialAndNonCoherent' or 'nonCoherent' subject to UE capability. 
The maximum transmission rank may be configured by the higher layer parameter maxRank in pusch-Config for PUSCH scheduled with DCI format 0_1 or 0_3 and maxRankDCI-0-2 for PUSCH scheduled with DCI format 0_2.
< End of the text proposal >



Conclusions
This contribution discusses the enhancement of 8TX UL operation, and has the following proposal:
Proposal 1: When full power mode 2 is configured for UE capable of 8TX UL operation UE, and an 8-port SRS resource is configured together with either a 2-port or 4-port SRS resource,
· The codebookSubset associated with 2-port and 4-port SRS resources is configured by gNB, subject to UE capability.

Proposal 2: Endorse the following TP to 38.214.
	< Start of the text proposal >
6.1.1.1 	Codebook based UL transmission
< Unchanged parts are omitted >
When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter codebookSubset or the higher layer parameter codebookSubsetDCI-0-2 is set to 'partialAndNonCoherent', and when the SRS-resourceSet with usage set to "codebook" includes at least one SRS resource with 4 ports and one SRS resource with 2 ports, the codebookSubset associated with the 2-port SRS resource is 'nonCoherent'.
When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter codebookType is set to 'Codebook2' or 'Codebook3', and when the SRS-resourceSet with usage set to "codebook" includes one SRS resource with 8 ports, and at least one SRS resource with 2 ports or 4 ports, the codebookSubset associated with the 2-port SRS resource is configured as 'fullyAndPartialAndNonCoherent' or 'nonCoherent' subject to UE capability, and codebookSubset associated with the 4-port SRS resource is configured as 'fullyAndPartialAndNonCoherent' or ' partialAndNonCoherent' or 'nonCoherent' subject to UE capability. 
The maximum transmission rank may be configured by the higher layer parameter maxRank in pusch-Config for PUSCH scheduled with DCI format 0_1 or 0_3 and maxRankDCI-0-2 for PUSCH scheduled with DCI format 0_2.
< End of the text proposal >
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