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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The TPMI configuration on UL-MIMO TRP test methodology is one of the hot topics discussed in the past several RAN4 meetings. And the agreements in the way forward [1] were captured below.
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This contribution presents our views and proposals on TPMI configuration for UL-MIMO TRP test.

2 Discussion
For single-layer UL MIMO, both fixed TPMI and dynamic TPMI are proposed and discussed, and the group do not reach consensus on the TPMI configuration for UL-MIMO TRP test so far. The single TPMI index approach attracts interests from companies.
For the fixed TPMI index configuration, the discussion is focused on which TPMI index is the appropriate one for single-layer UL-MIMO TRP test. There are four candidate TPMI indexes which can be configured to the UE to make it work under 2Tx condition according to TS 38.211 as below, i.e. TPMI index = 2, 3, 4, 5.
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Theoretically, the total radiated power of the UE with 2-antenna transmission will keep constant with TPMI index from 2 to 5, because the two solid antennas in the UE have relatively stable efficiencies. From practical TRP measurement perspective, there are two factors which probably cause the TRP value nonconstant with different TPMI index configured, i.e. the density of measurement grid and the phase shift randomly in the UE.
The first factor is the density of measurement grid. Although the antenna efficiency is stable, the total antenna pattern (i.e. the combined two radiated antenna pattern) is changed when different TPMI index applied. So coarser measurement grid leads to less sampling points on the spherical surface, and thereby introduces more deviation on TRP values when TPMI index is configured from 2 to 5. Fortunately, the measurement grid for TRP test specified in Rel-17, i.e. 15 degree constant step size on Theta and Phi, has satisfied density of sampling points, and the introduced TRP measurement uncertainty is relatively small.
Observation 1: The measurement grid for TRP test specified in Rel-17 i.e. 15 degree constant step size on Theta and Phi, has satisfied density of sampling points for TPMI based UL MIMO TRP test, and the introduced TRP measurement uncertainty is relatively small.
The second factor is the phase shift randomly in RF front end of the UE which further causes phase difference between the two antenna changed. And therefore, the measured EIRP on every measurement grid point has a visible fluctuation. This EIRP fluctuation will finally lead to distort on TRP values. In the past several contributions [2][3], the similar simulation results show that the deviation of TRP value caused by phase shift of the UE is minimal.
Observation 2: The deviation of TRP value caused by phase shift of the UE is minimal.
From the above elaboration and observation, the TPMI index 2-5 will only introduce a minimal and controllable deviation on TRP value. So any one of TPMI index from 2 to 5 can be specified as test configuration for UL-MIMO TRP test. We note that the TPMI index 2 is already selected [4], as shown below, to perform FR2 EIRP-based test procedures in Clause 5.2.1.3 in TR38.810. For the purpose of keeping the unified configurations between FR1 and FR2, it is proposed to configure TPMI index=2 for single-layer UL MIMO TRP test.
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Proposal 1: It is proposed to configure TPMI index=2 for single-layer UL MIMO TRP test.

3 Conclusions
This paper discussed about the proper fixed TPMI index for single-layer UL MIMO TRP test. And got the following conclusions.
Proposal 1: It is proposed to configure TPMI index=2 for single-layer UL MIMO TRP test.
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For FR2 UESs support the TPMI method, the precoding matrix W is given by Table 5.2.2.1-1 (same as Table 6.3.1.5-1 in
TS 38.211 [4]). 2Tx TPMI index 2-5 can force UE single-layer transmission using two antenna ports. Among them,
only TPMI index 2 is selected for EIRP measurement. »

Table 5.2.2.1-1: Precoding matrix w for single-layer transmission using two antenna ports. .
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Issue 1-1-5: Proper TPMI-index for UL-MIMO TRP test -
Agreements: »

0 RAN4 can further study the TPMI index for single-layer UL MIMO TRP testing. «
= TPMI index selection and single TPMI index approaches can be considered «

o Dynamic TPMl-index is not precluded. «
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Table 6.3.1.5-1: Precoding matrix 7 for single-layer transmission using two antenna ports.
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