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Introduction
This contribution is continuing the TRP measurement grid MU investigations for SL-UL MIMO presented in [1]. 
TRP Measurement Grid Simulations
The combined patterns for the 4 different TPMIs with offset and symmetric n78 antenna patterns [2] for different TPMIs (phase offsets) are shown in Figure 1 through Figure 3 for different frequencies [1]. It can be observed that single-layer UL MIMO TRP testing for individual TPMIs might require very finer measurement grids or slightly larger MUs for mid to high frequency bands when compared to the traditional SISO OTA testing [3][4]. Preliminary MUs for TRP measurements for TPMI2 & TPMI3 were presented in [1]; these simulations assumed the integration of the individual TPMI patterns.
[bookmark: _Ref142600876]Observation 1: For small antenna offsets, e.g., smartphone UE, and frequencies in mid to high bands, significant and highly directive pattern lobing can be observed.
[image: A rainbow colored circles and lines

Description automatically generated]
[bookmark: _Ref142596832]Figure 1: Combined, single-layer UL MIMO patterns for the ‘n78’ FS antenna pattern [2] with TPMI 2-5. Frequency is f=700 MHz with a grid using Dq=Df=1°. 
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Figure 2: Combined, single-layer UL MIMO patterns for the ‘n78’ FS antenna pattern [2] with TPMI 2-5. Frequency is f=3.5 GHz with a grid using Dq=Df=1°. 
[image: A rainbow colored spheres with black text

Description automatically generated]
[bookmark: _Ref148704145]Figure 3: Combined, single-layer UL MIMO patterns for the ‘n78’ FS antenna pattern [2] with TPMI 2-5. Frequency is f=6 GHz with a grid using Dq=Df=1°. 
In RAN4#108bis, it was decided to assess measurement grids and preliminary MU for the two single-layer UL options, Options 1 and 2 [5].
	Issue 1-1-7: Measurement grid analysis for UL-MIMO  
Agreements:
· In RAN4, measurement grid and preliminary MU assessment to take options 1 and 2 into account
· Final grids and corresponding MU value for 2Tx conformance testing can be decided in RAN5.
· If any measurements are presented as part of this WI, use at least the legacy Dq=Df=15° measurement grids


These two options were captured as follows [5]
	[bookmark: _Hlk147855329]Issue 1-1-2: Test Methods for fully Coherent UE support multiple TPMI index 2~5  
Agreements: 
· Capture common test procedure of O1 and O2 into TR, final measured EIRPs processing can be further decided. The performance metric for each approach should also be further discussed.
· Option 1 (averaging TRPs)
· Option 2 (Max EIRPs)


For simplicity, these options are explained in a bit more detail in Figure 4. Essentially, both metric options correspond to the typical TRP surface integral where w(q) corresponds to the quadrature weight (including constants) with different integrands of average or max EIRPs. 
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[bookmark: _Ref148709761]Figure 4: Illustration of Option 1 (1a, 1b) and Option 2

Next, TRP measurement grid simulation campaigns were performed for the constant-step size grids similar to those presented in [1][3][4]. Here, the simulated n78 pattern of a smartphone in FS [2] was used as a baseline. The combined single-layer UL MIMO pattern with antennas placed in opposite corners as outlined in [1] was then determined for three different frequencies, i.e., 0.7 GHz, 3.5 GHz, and 6 GHz. The TRP measurement uncertainties were evaluated for two individual TPMIs, i.e., TPMI2 and TPMI3, and for the metrics of Options 1a, 1b, and 2. The considered fine patterns with Dq=Df=1° are shown in Figure 5 for the baseline and the individual TPMI patterns; the fine patterns for the evaluated metrics of Options 1a, 1b, and 2 are shown in Figure 6. These results show that while the individual TPMI patterns shown highly directive behaviour (lobing), the patterns obtained after applying Options 1 (averaging of EIRPs) or Option 2 (max EIRP) show very similar behaviour as the baseline pattern without the directivity/lobing observed for the individual TPMI patterns. 
[bookmark: _Ref148944384]Observation 2: While the individual TPMI patterns can exhibit significant and highly directive pattern lobing, the patterns for the average EIRP metrics (Option 1) or the max EIRP metric (Option 2) show a very similar pattern in terms of directivity as the baseline pattern.
The metric of Option 1 could be obtained two different ways, i.e., the metric can be evaluated from the combined averaged patterns, as shown in Figure 6, i.e.,  
[bookmark: _Ref148943258]Equation 1:

or alternatively by evaluating the TRPs from each TPMI pattern, Figure 5, and then averaging the individual TRPs, i.e., 
[bookmark: _Ref148943266]Equation 2: 

Clearly, combining the pattern before performing the surface integral is the more suitable approach and incurs a smaller MU as shown below.
[bookmark: _Ref148944386]Proposal 1: For Option 1, evaluate the combined, average pattern from the respective TPMI measurements before performing the surface integral calculations. 
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[bookmark: _Ref145012151]Figure 5: Combined, single-layer UL MIMO patterns for the ‘n78’ FS antenna pattern. Top: baseline SISO pattern, 2nd row: f=0.7 GHz with TPMI2 (left) and TPMI3 (right), 3rd row: f=3.5 GHz with TPMI2 (left) and TPMI3 (right), 4th row: f=6 GHz with TPMI2 (left) and TPMI3 (right). 
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[bookmark: _Ref148710749]Figure 6: Combined, single-layer UL MIMO patterns for the ‘n78’ FS antenna pattern [2]. Top: top row: f=0.7 GHz, middle row: 3.5 GHz, bottom row: 6 GHz; metric 1a (left), metric 1b (middle), metric 2 (right). 
The statistical results of the TRP measurement grid analyses are tabulated in Table 1 for the standard deviation and in Table 2 for the mean error for the baseline and individual, highly directive TPMI2, TPMI3 patterns. These results show that the traditional measurement grid with Dq=Df=15° can still be applicable for TRP measurements with single-layer UL MIMO operation with a small impact on MU. The previously endorsed TRP measurement grid for SISO TRP testing with Dq=Df=30° still might be applicable for single-layer UL MIMO measurements for individual TPMI patterns with a small increase in MU <3 GHz and a moderate increase in MU >3 GHz. 
[bookmark: _Ref146018438]Observation 3: For the evaluated antenna pattern and antenna offsets, existing TRP measurement grids with Dq=Df=15° (traditional grids) and Dq=Df=30° (newly endorsed TRP grids for SISO) still seem to be applicable with small to moderate increases in MU when individual TPMI patterns are evaluated. 
Additional measurement grid analyses were performed for the three different metrics/options 1a, 1b, and 2. The results are tabulated in Table 3 for the standard deviation and in Table 4 for the mean error. For Option 1, the TRPs were calculated based on the surface integral of the average patterns, i.e., Equation 1, instead of the averages of the individual TPMI TRPs, i.e., Equation 2. Clearly, the MUs for the single-layer UL MIMO metric options are in line with the MUs of the individual SISO TRPs, i.e., the same measurement grids are applicable to single-layer UL MIMO as for SISO TRP. 
[bookmark: _Ref148944385]Observation 4: None of the considered metric options (1a, 1b, 2) have any significant MU and measurement grid benefits over the other. 
Additional simulations will be performed in RAN5 but the applicable measurement grids and preliminary MU for the considered metric options should be considered equivalent to those agreed for SISO TRP. 
[bookmark: _Ref146730841][bookmark: _Ref148944387]Proposal 2: The applicable measurement grids and preliminary MU for the considered metric options for single-layer UL MIMO are equivalent to those agreed for SISO TRP.
In [6], it was observed that Option 2 had a test time benefit due to the coarser measurement grids. Based on the results presented here, it should be concluded that Options 1 and 2 are equivalent in terms of measurement grids, MU, and that none of the options has a test time advantage due to measurement grids. 
	On the contrary, Option 2 (swept TPMI approach) depends on the antenna radiation pattern envelop which is even more regular pattern than that of 1TX. So the coarser measurement grids (30deg step size) are surely applicable, and even step size > 30deg may be also possible. 
Observation 2:	the averaged TPMI approach potentially requires finer measurement grids than 1TX while the swept TPMI approach requires coarser measurement grids than 1TX
Assume the averaged TPMI approach is measured with 15deg step size and the swept TPMI approach is measured with 30deg measurement grid, then the swept TPMI approach can save more test time.
Proposal 2:	For coherent UE, Option 2 (swept TPMI approach) is preferred considering both performance benefits and test time benefits.


[bookmark: _Ref148971516]Proposal 3: Consider Options 1 and 2 equivalent in terms of MU impact; none of the options has a test time advantage due to measurement grids.

[bookmark: _Ref145055271]Table 1: Standard deviations of TRPs for individual TPMIs after applying 10k rotations for various constant-step size measurement grids
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[bookmark: _Ref145055280]Table 2: Mean Errors of TRPs for individual TPMIs after applying 10k rotations for various constant-step size measurement grids
[image: ]
[bookmark: _Ref148943059]Table 3: Standard deviations of TRPs for the considered Options after applying 10k rotations for various constant-step size measurement grids
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[bookmark: _Ref148943050]

Table 4: Mean Errors of TRPs for the considered Options after applying 10k rotations for various constant-step size measurement grids
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Conclusion
The following observations and conclusions were made in this contribution.
Observation 1: For small antenna offsets, e.g., smartphone UE, and frequencies in mid to high bands, significant and highly directive pattern lobing can be observed.
Observation 2: While the individual TPMI patterns can exhibit significant and highly directive pattern lobing, the patterns for the average EIRP metrics (Option 1) or the max EIRP metric (Option 2) show a very similar pattern in terms of directivity as the baseline pattern.
Observation 3: For the evaluated antenna pattern and antenna offsets, existing TRP measurement grids with Dq=Df=15° (traditional grids) and Dq=Df=30° (newly endorsed TRP grids for SISO) still seem to be applicable with small to moderate increases in MU when individual TPMI patterns are evaluated.
Observation 4: None of the considered metric options (1a, 1b, 2) have any significant MU and measurement grid benefits over the other.
Proposal 1: For Option 1, evaluate the combined, average pattern from the respective TPMI measurements before performing the surface integral calculations.
Proposal 2: The applicable measurement grids and preliminary MU for the considered metric options for single-layer UL MIMO are equivalent to those agreed for SISO TRP.
Proposal 3: Consider Options 1 and 2 equivalent in terms of MU impact; none of the options has a test time advantage due to measurement grids.
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