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1 Introduction 
In the previous RAN4 meeting it was agreed on [1] that the test methodology based on sweep TPMI Index Options 1 and 2 postprocessing should be further evaluated

[image: A screenshot of a test results  Description automatically generated]
















Option 1  consists on the averaging of TRPs measured with different TPMI Indexes.
Option 2 is based on the selection of maximum EiRP from all available TPMI Indexes per spherical coordinate, and calculate the TRP based on such maximum EiRP selection. Option 2 had been extensively documented on [2-6].
While Option 2 is based on realistic network driven TPMI Index optimization, Option 1 has no basis on realistic UE operation. 
2	Graphical representation of sweep TPMI Index
For clarity and proper understanding of Option 2 fundamental proposal, the Figure 1a – 1d brings a graphical representation of the optimal maximum EiRP selection process based on multiple TPMI Index related measurements. 
Such graphical representation is valid for both coherent TPMI index 2-5 (0, 90, 180 or  270 sets), and non-coherent scenarios TPMI Indexes 0, 1and 2. 
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        Figure 1a, TPMI Index 0, EiRP exemplification                     Figure 1b, TPMI Index 1, EiRP exemplification
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                  Figure 1c, TPMI Index 2, EiRP exemplification                Figure 1d, Sweep (Dynamic) TPMI Index combined Maximum EiRP

3	Results and discussions
The results on Table 1 were collected on real device, these are Free Space and BHHR TRP measurement results taken on a device capable of Power Class 1.5:
· TPMI Index 0, is related to a single antenna (1) transmitting at 26 dBm
· TPMI Index 1, is related to a single antenna (2) transmitting at 26 dBm
· TPMI Index 2, is related to both antennas (1 and 2) transmitting simultaneously at 26 dBm
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Table 1, summary of Option 1 and Option 2 post-processing results






[bookmark: _Toc158797602]Observation 1:	TRP calculated based on the average of TPMI Indexes 0, 1 and 2 produces TRP which is lower than Fix TPMI Index 2, or in many cases lower than an individual dominant antenna.

[bookmark: _Toc158797603]Observation 2:	The averaging of EiRP produces even more pessimistic TRP in cases where there's a large unbalance between individual antennas TRP, e.g.  EU1 n41 BHHR (high channel) where the average TRP is 1.41 dB lower than TPMI Index 2 TRP, while TRP based on the max EiRP is 0.25 higher.

[bookmark: _Toc158797604]Observation 3:	Averaging TRP (or EiRP) among TPMI Indexes 0, 1 and 2 produces over-pessimistic and unrealistic TRP results. Such proposal can’t be supported by any technical argument, such condition has no base on real field/network behavior.

[bookmark: _Toc158797605]Observation 4:	The measurement  results presented in this contribution are conservative, considering that were gathered in a single device, and this device antenna system was not built/designed to showcase the sweep (Dynamic) TPMI Index methodology. Larger variation between fix and sweep (Dynamic) TPMI Indexes should be possible in large devices sampling

4	Simulations
In an effort to even further explore the feasibility and efficacy of the UL MIMO radiated output metric, we have prepared additional simulation results with ideal half-wave dipole patterns, where the phase difference between Tx1 and Tx2 is modeled in accordance with the coherent UL MIMO requirement in TS38.101-1.  The simulation assumptions are summarized in Table 2 below.
Table 2: Simulation assumptions
	Parameter
	Value

	Tx1, Tx2 antenna patterns
	Ideal half-wave dipole
G = 1.7 dBi

	Mutual coupling
	Not considered

	Antenna separation
	15 cm

	Frequency
	{1 GHz, …, 6 GHz}

	MIMO codebooks
	Case 1: Coherent MIMO
Case 2: Non-coherent MIMO
Case 3: Fixed TPMI=2
Case 4: Fixed TPMI=3
Case 5: Fixed TPMI=4
Case 6: Fixed TPMI=5

	UL MIMO layers
	1

	PA and Tx distortion
	Not modeled

	Phase difference between Tx1 and Tx2
	Phase difference between Tx1 & Tx2 is allowed to drift up to 40 deg between the TPMI configuration and the EIRP measurement (modeled as uniform RV).

	Power normalization
	Normalized to the total power applied to the 2-Tx system:  3+1.7=4.7 dB corresponds to the maximum gain possible for an idealized 0 dBi antenna, where there is constructive superposition in the transmitted signals, and -3+1.7=-1.3 dB corresponds to the single Tx case, where only one antenna transmits using half of the available 2-Tx total power.

Anticipate a result of 0+1.7=1.7 dB to account just for the power combining gain (without any superposition of the patterns).



The simulation methodology is based on the single azimuth cut approach taken in 0, extended to the full sphere analysis of coverage 0, and further expanded in 0.  The total radiated power (TRP) metric is calculated for Case 1 and Case 2 from the envelope of the gain patterns of all applicable TPMI indeces.  For Case 3 TRP is calculated from the spatial response pattern corresponding to TPMI=2.  Compared to our contribution last meeting 0, cases 4 through 6 are added to include results of TPMI indeces 3 through 5.
The distributions of the calculated metrics from simulations with Tx phase impairments are shown for f=1000 and f=3000 MHz, respectively, in Figure 2 below.
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Figure 2: Distributions of UL MIMO TRP with phase impairments; a) f=1000 MHz, b) f=3000 MHz
[bookmark: _Toc146706063][bookmark: _Toc146711228][bookmark: _Toc158797476][bookmark: _Toc158797606]Observation 5:	The results for simulation cases with TPMI=2, 3, 4, 5 indicate consistent differences in the TRP per TPMI.  This aspect should be analyized further in the context of the measurement grid uncertainty assessment.
To investigate Observation 5 further, we visualize the coverage patterns in Figure 3 below.
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Figure 3: Ideal coverage pattern visualizations (a-d: TPMI indeces 2-5; e: non-coherent; f: coherent)
We anticipate that numerical integration errors, which are a function of the coarseness of the sampling grids used in the simulation, can have an impact on the surface integral.  This problem is highly related to the analysis of measurement grid uncertainty and should be taken into account in that analysis.  Furthermore, the particular ordering of TRP results per TPMI (TPMI=2 yields the lowest TRP, TPMI=3 & 4 are essentially equal, and TPMI=5 yields the best result) is anticipated to be highly dependent on the antenna patterns of the elements and the antennas’ mutual coupling.  Neither of these effects were modeled in this analysis, as it only considers the ideal dipole as the element (without mutual coupling).  Thus, we cannot use this idealized simulation environment to define the radiated output power performance of an actual device.  We can only use these simulation results to make a decision on the multi-Tx output power metric.
These results indicate the stability of the coherent MIMO and non-coherent MIMO TRP metrics in the presence of phase impairments, thereby validating the conclusions presented in 0.  Table 4 below summarizes the results (from 0) in terms of the TRP calculation for each case.
Table 4: Summary of simulation results (TRP metric calculations of coherent/non-coherent/fixed TPMI cases)
	Frequency (GHz)
	TRP calculation (dBm)

	
	Case 1: coherent MIMO
	Case 2: non-coherent MIMO
	Case 3: fixed TPMI=2

	1.0
	2.79
	-0.03
	-0.71

	2.0
	2.79
	0.57
	0.16

	3.0
	2.79
	0.40
	-0.07

	4.0
	2.79
	0.48
	0.04

	5.0
	2.79
	0.43
	-0.03

	6.0
	2.79
	0.47
	0.02



[bookmark: _Toc146706064][bookmark: _Toc146711229][bookmark: _Toc158797477][bookmark: _Toc158797607]Observation 6:	The difference between Case 2 and Case 3 of ~[0.7 to 0.5] dB represents a measurable difference in the radiated performance metric.

Given the decision in RAN4 #108 to select the TRP metric based on single TPMI (TPMI=2) for non-coherent UL MIMO as the baseline, it is nonetheless important to also introduce the multi-TPMI TRP metric to the TR.
We next consider the coherent UL MIMO scenario, wherein RAN4 has already agreed to preclude the TRP metric based on a single TPMI.  For this scenario, there are two alternatives:
-	Alt. 1: UL MIMO TRP metric is defined as the surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum
-	Alt. 2: UL MIMO TRP metric is defined as the surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics

[bookmark: _Toc132013484][bookmark: _Toc132018592][bookmark: _Toc134622257][bookmark: _Toc134622323][bookmark: _Toc135044764][bookmark: _Toc142310858][bookmark: _Toc142311694][bookmark: _Toc142648496][bookmark: _Toc142648533][bookmark: _Toc142648546][bookmark: _Toc146654362][bookmark: _Toc146696826][bookmark: _Toc146706065][bookmark: _Toc146711230][bookmark: _Toc158797478][bookmark: _Toc158797608]Observation 7:	The difference between Case 1 and Case 3 of ~[3.5 to 2.6] dB represents the potential underestimation of the UE’s ability to deliver power to the gNB, if a UE capable of coherent MIMO were verified using the fixed TPMI approach.

[bookmark: _Toc132013482][bookmark: _Toc132018590][bookmark: _Toc134622255][bookmark: _Toc134622321][bookmark: _Toc135044762][bookmark: _Toc142310856][bookmark: _Toc142311692][bookmark: _Toc142648494][bookmark: _Toc142648531][bookmark: _Toc142648544][bookmark: _Toc146654360][bookmark: _Toc146696824][bookmark: _Toc146706066][bookmark: _Toc146711231][bookmark: _Toc158797479][bookmark: _Toc158797609]Observation 8:	Combined with Observation 1, the metric in Alternative 2 yields a very similar conclusion as Observation 3:  namely, this metric is not capable of discerning whether the UE can correctly configure its transceiver and front end circuitry to delivery maximum power to the gNB.

In this analysis the surface integral of the combined 2Tx radiation pattern was used to propose a potential TRP definition for devices operating under the UL MIMO configuration to illustrate the differences between the simulation cases of coherent MIMO, non-coherent MIMO, and fixed TPMI.  These simulations give strong indications that the approach of calculating the surface integral for a TRP metric, when it is based on a fixed TPMI configuration, has the potential to significantly underestimate the UE’s ability to deliver power to the gNB receiver.

5	Observations and Proposals
Observation 1:	TRP calculated based on the average of TPMI Indexes 0, 1 and 2 produces TRP which is lower than Fix TPMI Index 2, or in many cases lower than an individual dominant antenna.
Observation 2:	The averaging of EiRP produces even more pessimistic TRP in cases where there's a large unbalance between individual antennas TRP, e.g.  EU1 n41 BHHR (high channel) where the average TRP is 1.41 dB lower than TPMI Index 2 TRP, while TRP based on the max EiRP is 0.25 higher.
Observation 3:	Averaging TRP (or EiRP) among TPMI Indexes 0, 1 and 2 produces over-pessimistic and unrealistic TRP results. Such proposal can’t be supported by any technical argument, such condition has no base on real field/network behavior.
Observation 4:	The measurement  results presented in this contribution are conservative, considering that were gathered in a single device, and this device antenna system was not built/designed to showcase the sweep (Dynamic) TPMI Index methodology. Larger variation between fix and sweep (Dynamic) TPMI Indexes should be possible in large devices sampling
Observation 5:	The results for simulation cases with TPMI=2, 3, 4, 5 indicate consistent differences in the TRP per TPMI.  This aspect should be analyized further in the context of the measurement grid uncertainty assessment.
Observation 6:	The difference between Case 2 and Case 3 of ~[0.7 to 0.5] dB represents a measurable difference in the radiated performance metric.
Observation 7:	The difference between Case 1 and Case 3 of ~[3.5 to 2.6] dB represents the potential underestimation of the UE’s ability to deliver power to the gNB, if a UE capable of coherent MIMO were verified using the fixed TPMI approach.
Observation 8:	Combined with Observation 1, the metric in Alternative 2 yields a very similar conclusion as Observation 3:  namely, this metric is not capable of discerning whether the UE can correctly configure its transceiver and front end circuitry to delivery maximum power to the gNB.

Proposal 1:	RAN4 shall not consider Option 1 (average TRP) when post-processing the sweep (Dynamic) TPMI Index. 
Proposal 2:	RAN4 shall consider Option 2 (TRP calculation considering Maximum EiRP) as the only sweep (Dynamic) TPMI Index post-processing methodology for performance requirement definitions.
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TPMI Index 0, measured EIRP (dBm)

phi/theta
15 30 45 60 75 90 105 120 135 150 165
0 7.02 11.78 12.79 4.06 10.95 9.80 9.49 13.71 13.28 11.75 11.09
15 7.62 11.9 12.39 -1.98 11.12 10.40 9.66 13.55 12.80 11.32 10.83
30 8.69 12.01 12.64 6.13 13.04 12.52 10.01 12.70 11.67 10.59 10.38
45 9.78 12.47 13.76 12.36 15.27 14.51 9.93 10.44 9.92 9.41 10.05
60 10.84 13.16 14.92 15.16 16.50 15.30 9.18 6.79 7.97 8.46 9.7
75 11.77 13.85 15.40 15.76 16.36 15.19 8.76 5.39 7.43 8.14 9.3
90 12.41 14.00 14.73 14.65 14.97 14.49 9.91 8.72 8.54 8.42 8.5
105 12.80 13.50 12.88 12.31 13.39 13.84 11.59 11.49 9.68 8.66 7.74
120 12.95 12.30 10.50 10.46 12.95 13.42 12.79 12.89 10.42 8.40 7.05
135 12.93 10.83 9.32 11.66 13.34 13.25 13.45 13.70 11.16 7.48 6.33
150 12.87 9.71 10.73 13.62 13.98 13.13 13.87 14.37 12.04 6.50 5.72
165 12.82 9.81 12.67 15.20 14.58 13.16 14.26 15.18 12.87 6.23 5.14
180 12.86 10.57 14.09 16.29 15.16 13.18 14.78 15.94 13.50 6.54 4.78
195 12.98 11.54 14.85 17.13 15.61 13.31 15.38 16.61 13.73 6.83 4.93
210 13.10 12.41 15.21 17.70 15.93 13.36 15.69 16.89 13.40 6.13 5.57
225 13.15 13.26 15.23 17.68 16.15 13.84 15.85 16.63 12.52 4.25 6.4
240 13.05 14.04 15.16 17.32 16.20 14.59 15.53 15.74 10.73 3.23 7.41
255 12.75 14.42 15.39 16.80 16.11 14.85 14.49 13.87 8.29 4.48 8.53
270 12.16 14.28 15.71 16.83 16.12 14.21 12.29 10.28 6.13 7.61 9.62
285 11.26 13.51 15.86 17.04 15.96 13.45 9.25 4.08 7.05 9.84 10.56
300 9.99 12.32 15.70 16.98 15.43 13.07 8.17 3.02 9.33 11.09 11.22
315 8.66 11.29 15.22 16.06 14.53 12.93 9.16 8.25 11.33 11.83 11.54
330 7.31 11.08 14.48 14.15 13.2 12.24 9.85 11.28 12.63 12.08 11.6
345 6.71 11.37 13.69 11 11.86 10.75 9.57 12.91 13.26 12.02 11.42
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TPMIIndex 1, measured EIRP (dBm)

phi/theta
15 30 45 60 75 90 105 120 135 150 165

0 13 14.17 18.98 16.57 6.23 11.74 14 17.14 14.32 15 16.31
15 12.66 13.9 18.71 16.33 7.56 12.11 13.66 17.01 14.76 15.68 17.31
30 12.76 13.46 17.75 15.83 11 13.03 12.01 17.04 16.64 17.39 18.32
45 13.47 13.06 16.18 15.04 13.25 14.21 8.16 17.26 18.39 19.23 19.11
60 14.29 13.09 14.31 13.97 14.46 15.26 7.49 17.59 19.73 20.55 19.92
75 15.14 13.76 13.12 13.13 15.01 16.06 12.8 18.2 20.58 21.27 20.21
90 15.96 14.86 13.83 14.23 15.48 16.15 16.08 19.12 21.03 21.54 20.36
105 16.63 15.82 15.16 15.82 16.35 15.7 17.41 20.06 21.45 21.48 20.53
120 17.24 16.52 16.17 16.7 17.51 15.73 17.59 20.79 21.88 21.36 20.55
135 17.61 16.95 16.7 16.86 18.47 16.64 17.53 21.14 22.28 21.28 20.49
150 17.75 17.28 16.88 16.41 18.9 17.95 17.59 21.17 22.59 21.33 20.61
165 17.64 17.48 16.75 15.47 18.75 18.9 17.71 21.07 22.7 21.55 20.81
180 17.58 17.45 16.48 14.28 18.39 19.31 17.71 20.92 22.77 21.77 21
195 17.49 17.36 15.97 13.3 18.14 19.19 17.3 20.73 22.77 22.05 21.19
210 17.26 17.15 15.31 13.06 18.03 18.7 16.36 20.54 22.84 22.38 21.38
225 17.12 16.8 14.71 13.66 18.21 17.95 15.33 20.5 23 22.71 21.53
240 16.87 16.41 14.16 14.43 18.54 17.34 14.95 20.85 23.29 23.01 21.56
255 16.57 16 13.03 14.07 18.59 17.36 15.09 214 23.53 282} 21.49
270 16.29 15.44 11.28 11.7 17.85 17.41 14.74 21.67 23.56 23.19 21.29
285 15.99 14.8 11.09 7.42 16.35 17 13.5 215 23.1 22.79 20.92
300 15.49 14.15 13.74 9.38 14.64 16 12.55 20.87 22.01 21.86 20.25
315 14.8 13.76 16.33 13.43 12.94 14.65 12.55 19.89 20.27 20.39 19.32
330 14.11 13.76 17.95 15.49 11 13.26 13.35 18.8 18.04 18.46 18.16
345 13.51 13.98 18.68 16.4 8.47 12.16 13.86 17.8 15.83 16.19 17.13
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TPMI Index 2, measured EIRP (dBm)

phi/theta

15 30 45 60 75 90 105 120 135 150 165

0 12.6 14.23 18.36 15.58 9.68 12.75 12.96 15.98 15.17 15.52 16.38
15 12.43 14.07 18.04 15.18 10.61 13.02 12.50 15.93 15.46 15.83 16.57
30 12.70 13.76 17.19 14.97 13.05 13.88 11.28 16.01 16.46 16.82 17.12
45 13.39 13.67 16.22 15.11 15.06 15.13 9.68 16.06 17.48 18.01 17.74
60 14.19 14.10 15.54 15.37 16.18 16.06 10.23 16.17 18.38 19.00 18.21
75 15.07 14.93 15.42 15.42 16.36 16.63 13.09 16.63 18.97 19.62 18.46
90 15.83 15.86 15.67 15.43 16.13 16.53 1527 17.68 19.40 19.91 18.58
105 16.52 16.47 15.77 15.49 16.32 16.01 16.34 18.93 19.90 19.96 18.78
120 17.08 16.75 15.66 15.71 17.09 15.81 16.55 19.81 20.44 19.91 18.83
135 17.39 16.88 15.64 15.90 17.92 16.42 16.58 20.11 20.86 19.90 18.88
150 17.55 16.98 15.63 16.02 18.33 17.33 16.84 20.17 21.15 19.99 18.97
165 17.54 17.06 15.76 15.98 18.38 18.04 17.12 20.13 2l 2% 20.19 19.14
180 17.56 17.17 15.90 15.99 18.26 18.37 17.26 20.07 21.32 20.34 19.36
195 17.44 17.15 15.90 16.01 18.15 18.27 17.09 20.07 21.36 20.56 19.53
210 17.29 17.13 15.81 16.14 18.07 17.91 16.74 20.03 21.37 20.85 19.72
225 17.05 17.05 15.78 16.32 18.02 17.43 16.20 19.97 21.48 21.17 19.92
240 16.76 16.93 15.76 16.51 18.15 17.16 15.85 20.09 21.67 21.39 19.92
255 16.39 16.63 15.54 16.42 18.16 17.12 15.44 20.16 21.96 21.59 19.95
270 16.03 16.08 15.01 15.72 17.87 17.02 14.61 20.13 21.93 21.60 19.79
285 15.50 15.29 14.78 15.06 16.98 16.58 13.45 19.79 21.48 21.29 19.45
300 14.91 14.35 15.55 15.10 15.71 15.79 12.86 19.13 20.51 20.48 18.94
315 14.19 13.91 16.73 15.70 14.25 14.91 13.13 18.27 19.14 19.24 18.18
330 13.50 13.93 17.74 16.08 12.55 14.00 13.37 17.35 17.44 17.75 17.26
345 13.05 14.19 18.23 16.08 10.75 13.10 13.30 16.49 15.89 16.19 16.52
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EU1 n78 FS (low channel)

A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed)

A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed)

Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 -0.02
TPMI Index 1 -4.09 measured
TPMI Index 2 (normalization baseline) n78 630000 3449.28 0.00
A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed) —
A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed) -0.70
EU1 n78 FS (high channel)
Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 0.23
TPMI Index 1 -4.48 measured
TPMI Index 2 (normalization baseline) n78 636666 3549.27 0.00
A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed)
A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed) -0.91
EU1 n79 FS (mid channel)
Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 -0.84
TPMI Index 1 -0.86 measured
TPMI Index 2 (normalization baseline) n79 723334 4890.19 0.00
A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed) —
A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed) -0.29
EU1 n41 BHHR (high channel)
Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 -9.33
TPMI Index 1 -0.21 measured
TPMI Index 2 (normalization baseline) n41 525000 2665.5 0.00
A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed) —
A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed) -1.44
EU1 n78 BHHR (low channel)
Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 -0.13
TPMI Index 1 -3.81 measured
TPMI Index 2 (normalization baseline) n78 630000 3449.28 0.00
A (dB) between Dymanic TPMI Index (Max EiRP) vs. TPMI Index 2 (fixed)
A (dB) between Dymanic TPMI Index (Avg EiRP) vs. TPMI Index 2 (fixed) -1.00
EU1 n78 BHHR (high channel)
Antenna(s) and test cases configurations Band Channel |Frequency (MHz) TRP (dBm)
TPMI Index 0 0.15
TPMI Index 1 -4.28 measured
TPMI Index 2 (normalization baseline) n78 636666 3549.27 0.00

-

-0.95

Cases where a single antenna has higher TRP than both antennas transmitting simultaneously

Case where two individual antennas with neglible TRP imbalance does not produce full constructive interference improvement

A (dB) , negative means

amic TPMI Index @ Avg EiRP has Lower TRP than Fix TPMI Index =2
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image9.emf
Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk FixedTPMI2, TRP=-0.72 dBm











image10.emf
Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk FixedTPMI3, TRP= 0.62 dBm











image11.emf
Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk FixedTPMI4, TRP= 0.00 dBm
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Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk FixedTPMI5, TRP= 0.00 dBm











image13.emf
Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk NonCoherentMIMO, TRP=-0.03 dBm











image14.emf
Coverage pattern, 1 panel (2x1), f=1000 MHz, cbk CoherentMIMO, TRP= 2.79 dBm
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