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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
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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






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
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 Precoding 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.


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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