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Discussion
Rel-15 NR specified 4Tx UL MIMO transmission while supporting various UE implementations. Depending on hardware implementation, UE Tx chains could be fully-coherent, partially-coherent or non-coherent and hence corresponding codebook subsets are specified. Rel-15 also supports coherent or non-coherent codebook subsets for 2Tx UL MIMO corresponding to coherent or non-coherent Tx chains capability. If an UE is capable of coherent 4Tx chains supporting coherent codebook subset for 4Tx UL MIMO, it can be straight forward to assume that the same UE can support coherent codebook subset for 2Tx UL MIMO from 2 out of 4 antennas; similarly UE supporting non-coherent 4Tx codebook subset can support non-coherent 2Tx codebook subset. However, for an UE capable of partial-coherent 4 Tx chains, it could support either coherent 2Tx codebook subset with 2 coherent Tx chains or non-coherent 2Tx codebook subset with 2 non-coherent Tx chains. 
In 38.214, following is specified,
“A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by either codebookSubset or codebookSubsetForDCI-Format0-2 with 'fullyAndPartialAndNonCoherent'.”
The intention of the above statement is to prevent gNB configuring 4Tx full-coherent codebook subset to an UE capable of 4Tx partial-coherent chains. It is not clear from the current spec whether 2Tx coherent codebook subset can be configured for an UE supporting 4Tx partial codebook subset.
Furthermore, NR Rel-16 specified UL full power transmission schemes with mode0, mode1 and mode2. UL full power transmission is mainly introduced for non-coherent and partial-coherent UEs. 4Tx partial-coherent UE supporting UL full power transmission mode0 can support 2Tx coherent or non-coherent and UL full power transmission mode0 since power scaling s=1 is specified in 38.213. Similarly, 4Tx partial-coherent UE supporting UL full power transmission mode2 can support 2Tx non-coherent UL full power mode2 with antenna virtualization or full power TPMI indication. Following is specified in 38.214
“When higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2' and the higher layer parameter codebookSubset or the higher layer parameter codebookSubsetForDCI-Format0-2 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'.”
And, power scaling s=1 for full power TPMIs or scaled by the ratio of number of non-zero PUSCH ports to number SRS ports corresponding SRS resource. 
In current spec, when 2-port SRS is configured for an UE supporting 4Tx in UL, no matter the codebook subset is coherent or non-coherent, the UE cannot deliver full power with mode1 since the power is scaled by the ratio of non-zero PUSCH ports number to maximum number of SRS ports supported by the UE in one SRS resource, for non-coherent rank=1 transmission the output power is scaled either by 1/4 or 2/4 depending on indicated TPMI.

Motivation and proposals:
gNB may configure 2-port SRS for an UE supporting 4Tx in UL for different reasons; it could be for UE power saving purpose, gNB may configure fewer number of SRS ports than max number of ports UE supported in different BWPs, or it could be due to overall SRS overhead in the cell. 
For 4Tx partial-coherent UE not supporting Rel-16 UL full power transmission, if configured with 2-port SRS, maximum deliverable output power could be different with coherent codebook subset and non-coherent codebook subset. Let’s assume PC3 UE, 2Tx non-coherent codebook subset contains only antenna selection TPMIs, that means the maximum output power for rank=1 transmission is scaled by 1/4, if 2Tx coherent codebook subset can be configured then the maximum output power for rank=1 transmission with non-antenna selection TPMIs is scaled by 2/4 since there are 2 non-zero PUSCH ports, which means 3dB more power. 
For example, as shown in figure 1 below, for 4Tx partial-coherent UE (with 17dBm PAs), by virtualizing 2 antennas it can operate as 2Tx coherent or non-coherent UE. If it is assumed 2Tx non-coherent UE after virtualization, due to power scaling mechanism, for rank=1 transmission the maximum output power is 1/4 of Pc_max, i.e. 17dBm for PC3 UE and if assuming 2Tx coherent UE after virtualization, the non-antenna selection TPMIs can deliver 1/2 of Pc_max, i.e. 20dBm for PC3 UE. On the other hand, if such an UE chooses two coherent antenna pair without antenna virtualization for 2Tx operation, the non-antenna selection TPMIs can also deliver 1/2 of Pc_max. 
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Figure 1, 4Tx partial-coherent UE operating as 2Tx UE

Hence, following proposal is made.

Proposal 1:
· For 4Tx partial-coherent capable UE, 2Tx coherent codebook subset is supported when the network configures 2-port SRS (for codebook) and SRS resource set includes 1 SRS resource or configured with same number of ports for all resources.

For 4Tx UEs with architecture as shown in Figure 2, it is also possible to support full power transmission through antenna selection. For example, for 4Tx partial-coherent or non-coherent UE supporting only Rel-16 UL full power transmission mode1, UE may select Tx chains to operate as 2Tx non-coherent UE (as shown in figure 2), to deliver full power with rank=1 and 2. Power scaling can be enhanced accordingly. 
[image: ]
Figure 2, 4Tx partial-coherent UE operating as 2Tx non-coherent UE

Proposal 2:
· For 4Tx partial-coherent or non-coherent UE supporting UL full power transmission mode1, UL full power mode1 can be supported with 2-port SRS configured.
· New UE capability is introduced 
Conclusion:
In this contribution, we discussed the motivation and use case of configuring fewer number of SRS ports for an UE supporting larger number of Tx chains. For a 4Tx partial-coherent UE not supporting Rel-16 UL full power, 2 port SRS and 2Tx coherent codebook subset can be configured, hence following is proposed.
Proposal 1:
· For 4Tx partial-coherent capable UE, 2Tx coherent codebook subset is supported when the network configures 2-port SRS (for codebook) and SRS resource set includes 1 SRS resource or configured with same number of ports for all resources.

For 4Tx UE configured with 2 port SRS, to support full power transmission in UL following proposal is made:
Proposal 2:
· For 4Tx partial-coherent or non-coherent UE supporting UL full power transmission mode1, UL full power mode1 can be supported with 2-port SRS configured.
· [bookmark: _GoBack]New UE capability is introduced
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