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1.	Introduction
According to the internal work plan approved in last RAN5 meeting ([1]) for UE Conformance Test Aspects for NR RF FR2 Enhanced Test Methods, the introduction of TPMI test method as defined in TR 38.884 [2] is required.
This document analyses the applicability of TPMI test methods from three points of view (UE Release, UE capabilities and test cases) and makes some proposals to add this enhanced test method to the specification.
2.	Discussion
2.1 UE Release
There is misleading information in 3GPP TR 38.884 [2] regarding the UE Release applicability of the TPMI test method:
· While in section 1, one can find the following statement (added in TP R4-2100530 [3]):[image: ]
· In section 5.2.2.2, the following statement can be found (added in TP R4-2103967 [4]):
[image: ]
[bookmark: Obs1]Observation 1: There is misleading information in 3GPP TR 38.884 [2] regarding the UE Release applicability of the TPMI test method.
However, based on the background provided in R4-2010202, it seems that the TPMI test method seems to be applicable for Rel-15 Coherent UEs. Hence, Keysight’s understanding is that the correct applicability is the one defined in section 5.2.2.2 in 3GPP TR 38.884 [2]. 
[bookmark: Prop1]Proposal 1: TPMI test method is applicable from Rel-15 and onwards.
2.2 UE Capabilities
According to 3GPP TR 38.884 ([2]) section 5.2.2.2 (refer to snapshot in section 2.1 in this document), TPMI test method is applicable to coherent UEs as well as those Rel-16 supporting UL full power transmission mode1. 
· According to Keysight’s understanding, the capability in 3GPP TS 38.306 [6] that indicates the UE coherency is the following one:
[image: ][image: ][image: ]
Possible values for this capability are defined in 3GPP TS 38.331 [7] as nonCoherent, partialCoherent, fullCoherent:
[image: ]
The network will indicate the UE which codebook is used through codebookSubset parameter in PUSCH-Config (refer to below snapshot from 3GG TS 38.331 [7]):
[image: ]
To be noticed that partialAndNonCoherent is not allowed for 2 layers according to 3GPP TS 38.214 [8]:
[image: ]
· UE capability indicating the support of UL full power transmission mode 1 is: 
[image: ][image: ] [image: ]
Possible value for this capability is defined in 3GPP TS 38.331 [7] as supported:[image: ]
[bookmark: Obs2][bookmark: Prop2]Observation 2: Either pusch-TransCoherence as well as ul-FullPwrMode1-r16 are optional UE capabilities.
Proposal 2: TPMI test method is applicable to devices with UE capabilities pusch-TransCoherence=fullCoherent and/or ul-FullPwrMode1-r16=supported.
To highlight that current test specification ([9]) is not covering the testing UE Coherency, as the default configuration of PUSCH-Config in 3GPP TS 38.508-1 ([10]) is codebookSubset=NonCoherent:
[image: ]
[image: ]
[bookmark: Obs3]Observation 3: current 3GPP 38.521-2 test specification ([9]) is not covering the testing of UE Coherency, as the default configuration of PUSCH-Config in 3GPP TS 38.508-1 ([10]) is codebookSubset=NonCoherent.
Observation 3 opens the discussion on whether coherent UEs need to be tested using 2 different network configurations:
- Configuration A: codebookSubset= nonCoherent
- Configuration B: codebookSubset= FullyAndPartialAndNonCoherent
Or whether only worst case is needed. As most of core requirements are tested at UE maximum power and the output power is supposed to be higher under Configuration B, it would make sense to test coherent devices only under network Configuration B.
[bookmark: Prop3]Proposal 3: Test coherent UEs using only codebookSubset = fullyAndPartialAndNonCoherent in PUSCH-Config.
2.3 Test Cases
Regarding the test cases where TPMI can be used, 3GPP 38.884 [2] indicates the following:
[image: ]
Highlighted text above indicates that TPMI test method is applicable to all Transmitter requirements defined through EIRP or TRP metric. However, in all Receiver requirements, there are also measurements of the UL power. Hence, TPMI test method will also be applicable to all Receiver core requirements. 
[bookmark: Prop4]Proposal 4: TPMI test method is applicable to all transmitter and receiver test cases.
To be noticed that applicability of TPMI test method does not exclude any type of dual connectivity nor carrier aggregation as far as TPMI index 2 can be forced for UE single layer transmission using two antenna ports in NR component carriers. Hence it is assumed that the TPMI test method is applicable to carrier aggregation, EN-DC, NE-DC and NR DC.
[bookmark: Prop5]Proposal 5: TPMI test method is applicable to carrier aggregation, EN-DC, NE-DC and NR DC test cases.


3. 	Conclusion
This document analyses the applicability of TPMI test methods from three points of view (UE Release, UE capabilities and test cases) and makes some proposals to add this enhanced test method to the specification.
The following observations and proposals are done:
Observation 1: There is misleading information in 3GPP TR 38.884 [2] regarding the UE Release applicability of the TPMI test method.
Proposal 1: TPMI test method is applicable from Rel-15 and onwards.
Observation 2: Either pusch-TransCoherence as well as ul-FullPwrMode1-r16 are optional UE capabilities.
Proposal 2: TPMI test method is applicable to devices with UE capabilities pusch-TransCoherence=fullCoherent and/or ul-FullPwrMode1-r16=supported.
Observation 3: current 3GPP 38.521-2 test specification ([9]) is not covering the testing of UE Coherency, as the default configuration of PUSCH-Config in 3GPP TS 38.508-1 ([10]) is codebookSubset=NonCoherent.
Proposal 3: Test coherent UEs using only codebookSubset = fullyAndPartialAndNonCoherent in PUSCH-Config.
Proposal 4: TPMI test method is applicable to all transmitter and receiver test cases.
Proposal 5: TPMI test method is applicable to carrier aggregation, EN-DC, NE-DC and NR DC test cases.
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. Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF
testing

- Considering polarization basis mismatch between the test equipment and UE and UE implementations which
may be impacted by this mismatch

- Study EIS test metric which can apply to different UE RF implementations considering downlink
polarization sweep enhancement

- Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
- Possible enhancements may be described as

- Downlink polarization sweeping by the test equipment (i.c. introducing an additional degree of freedom
for polarization alignment of the measurement antenna)

- The use of circular polarization to perform measurements
- Coherent combining and demodulation of orthogonally polarized received signals in the test equipment

- Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive
and demodulate the signal transmitted by the UE

- Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement

Test mode to trigger TX diversity

Other approaches are not precluded
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5222 Applicability of TPMI side condition method

TPMI is applicable for one layer transmission with multi-port antenna. In FR2, dual polarization can be regarded as
dual antenna ports, so it is natural to activate dual polarization transmission with TPMI side condition in EIRP
measurement procedure. However, for TPMI supporting dual antenna ports, the number of SRS ports (nrofSRS-Ports)

3GPP

Release 17 66 3GPP TR 38.884 V1.1.0 (2021-08)

is configured as 2 for both one layer transmission with *full power transmission” and two layers transmission with
regular UL MIMO, as specified in clause 6.1 of TS 38.101-2 [2]:

For a UE that supports 'UL full power transmission' and is configured to transmit a single layer with nrofSRS-Ports =
2, the requirements for UL MIMO operation apply only when it is configured for any of its declared full power
modes in IE FullPowerTransmission-ri6 (as defined in TS 38.331[13]).

For a UE configured to transmit 2 layers, transmitter requirements for UL MIMO operation apply when the UE
transmits on 2 ports on the same CDM group. The UE may use higher MPR values outside this limitation.

Thus, TPMI method is applicable for the following FR2 UEs:
- Rel-16 Coherent UE
- Rel-16 UE supporting UL full power transmission mode! (ul-FullPowerTransmission = fullpowerModel)

Other UEs are not applicable for TPMI based test method.
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Definitions for parameters
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pusch-TransCoherence

Defines support of the uplink codebook subset by the UE for UL precoding for
PUSCH transmission as described in clause 6.1.1.1 of TS 38.214 [12). UE indicated
‘supportof partal coherent codebook subset shallalso support non-coherent
‘codebook subset. UE indicated support of full coherent codebook subset shall also.
‘support partial and non-coherent codebook subset.
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MIMO-ParametersPerBand information element

MIMO-parametexspersand sequence {

coi-statesosch sequecs (
maxiiunberContigurediCistatesperce  ENUNERATE oprroNaL,
BAXNRDerACTiVeTCI-PraRE ENUMERATED (nl, n2, nd, n8) oprzonar’

) oerIonaL,

2dditionalactivercI-statepncch ENUMERATED (supported) oerIoNaL,

oo - EESCSREEENEE ENUMERATED {nonCoherent, partialCoherent, fullCoherent] opriowaL,




image7.png
- PUSCH-Config
The IE PUSCH-Config is used to configure the UE specific PUSCH parameters applicable to a partcular BWP.
PUSCH-Config information element
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A UE shall not expect to be configured with the higher layer parameter codebookSubset or the higher layer parameter
codebookSubsetForDCI-Format0-2 st to ‘partial AndNonCoherent' when higher layer parameter n70fSRS-Ports in an
SRS-ResourceSet with usage set to 'codebook' indicates that the maximum number of the configured SRS antenna ports
in the SRS-ResourceSet is two.
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Definitions for parameters
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ul-FullPwrMode1-r16
Indicates the UE support of UL ill poWer transmission mode of fullpowerMode . If
the UE indicates this capabilty the UE also indicates the support of codebook
based PUSCH MIMOtransmission using mimo-CB-PUSCH and the support of
PUSCH codebook coherency subset using pusch-TransCoherence.
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== R1 16-5b: Supported UL full power transmission mode of fullpowerModel
EISFEIIBRENode1 -r16 ENUMERATED {supported} Pras—
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PUSCH-Config

52 3GPP TS 38.508-1 VA7.40 (2022.03)

Table 4.6.318: PUSCH-Config.
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522  Enhanced test method for EIRP measurement

5221 TPMI method

Transmitted Matrix Precoding Indicator (TPMI) is the basis of codebook based transmission enabling multi-port
‘antenna transmission. TPMI method is identified as applicable method to cnhance EIRP measurement, which is able to

activate dual polarization transmission in EIRP measurement. The applicability of this method is defined in Clause
5222

For FR2 UES support the TPMI method, the precoding matrix W i given by Table 5.2.2.1- (same as Table 6.3.15-1 in
TS 38211 [4]). 2Tx TPMI index 2-5 can force UE single-layer transmission using two antenna ports. Among ther,
only TPMI index 2 s selected for EIRP measurement,

‘Table 5.2.2.1-1: Precoding matrix W for single-layer transmission using two antenna ports.
TPMI index
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‘The permitted test methods (i.c. DFF, IFF and NFTF) in [3] are al applicable for TPMI method with the additional
procedure that the UE should be configured with TPMI index and working at single-layer transmission using two
‘antenna ports, before performing EIRP-based test procedures in Clause 5.2.1.3 in TR38.810 [3].:

- Peak EIRP Measurcment Procedure
- TRP Measurement Procedure

- TX Beam Peak direction search and EIRP Spherical Coverage




