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1. Introduction
In previous test campaigns the results for multi-probe and two-stage methods mainly focus on 2D cut performance at elevation theta = 90 degrees, whereas the reverb method evaluates the average 3D performance under long-term uniform distribution angle of arrival. At RAN4 68bis it was requested to investigate the impact of averaging 2D cuts to determine the impact for harmonization purposes. The analysis here investigates different 2D cuts performance for one Band13 good and bad reference antenna using the cable-conducted two-stage method. 

For each of these two reference antennas 2D cut, the elevation of theta = 90 degrees provides the best performance among elevation cuts of 0,30,45,60 and 90. This is the expected result. The average performance over these five cuts is also calculated as an indicator of what to expect in a long-term isotropic environment.
Previous work in this area was provided in [1] and [2] which is also useful in evaluating the impact of averaging 2D cuts.
2. Analysis of reference antenna performance at different 2D cuts
Figure 1 and Figure 2 show the Band 13 reference antenna performance at different 2D cuts using the UMa/B channel model, and the average performance over these five 2D cuts is also shown in the figures. The experiment is performed using one HTC phone with the same model number as CTIA 2nd round test Band 13 device, the 3D antenna pattern data comes from Motorola. 
Figure 1 shows the reference antenna 2D cut at elevation theta = 90 degrees is the one with the best performance, and the 2D cut of elevation 0 is the one with worst performance, the spread is 3 dB. The average performance is 1.5dB worse than the cut of elevation 90.

Figure 2 shows for the bad reference antenna 2D cut of elevation theta = 90 degrees is the one with the best performance, and the 2D cut of elevation 0 is the one with worst performance, the spread is 7 dB. The average performance is about 2 dB to worse than the cut of elevation 90.
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Figure 1 Different 2D cuts performance for good reference antenna under Uma/B channel model
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 Figure 2 Different 2D cuts performance for bad reference antenna under Uma/B channel model
3. Conclusion
This proposal is to investigate different 2D cuts’ performance for Band13 good and bad reference antenna using cable-conducted two-stage method under UMa/B channel model. For each of these two reference antennas 2D cut of elevation theta = 90 degrees is the one with the best performance among elevation cuts of 0,30,45,60 and 90. For the good antenna the spread is 3 dB and the average performance is 1.5dB worse than the cut of elevation 90. For the bad antenna the spread is 7 dB average performance is 2 dB worse than the cut at elevation theta = 90 degrees.
The consequence of this analysis predicts, for these antennas only, that the average performance of an antenna measured in a long term isotropic environment is a small function of the antenna design. Previous results comparing the 3D isotropic results with the 2D theta = 90 degrees cuts have shown a consistent shift of around 4 dB enabling a constant shift to be used to harmonize results. This analysis shows that the degree of shift is a small function of antenna type and for the two antennas analyzed here, there is an additional 0.5 dB antenna-specific component that cannot be accounted for using a constant shift.
The size of the antenna-specific difference between 3D isotropic and any 2D cut will be a function of the antenna design. Other antennas should be studied to investigate the size of this affect since it impact the ability to harmonize results between methods.
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								-69		21.7935		-87.62		-69		24.5555555556		-87.24		-70		22.4818333333		-88.1		-71		22.083		-88.82

								-70		16.7246666667		-88.62		-70		20.2055555556		-88.24		-71		17.474		-89.1		-72		19.083		-89.82

								-71		12.92972		-89.62		-71		14.4202777778		-89.24		-72		14.4058333333		-90.1		-73		13.0771666667		-90.82

								-72		9.116111111		-90.62		-72		11.2305555555		-90.24		-73		10.188		-91.1

																										calibration		-6.984139		-3.4920695

								calibration		-6.1836788404		-3.0918394202		calibration		-6.5654382352		-3.2827191176		calibration		6.7015221312		3.3507610656

		Uma/B Good

		elevation=0						elevation=30						elevation=45						elevation=60						elevation=90

		-65		34.2236111111		-86.78		-65		34.8		-85.85		-65		34.7448333333		-85.4		-69		34.6216666666		-88.89		-67		34.8138333333		-88.43

		-66		34.3145833333		-87.78		-66		34.71027777		-86.85		-66		34.6251666667		-86.4		-70		34.4691666667		-89.89		-68		34.7683333333		-89.43

		-67		34.0055555556		-88.78		-67		34.724722222		-87.85		-67		34.4836666667		-87.4		-71		34.0308333333		-90.89		-69		34.7656666667		-90.43

		-68		33.8330555556		-89.78		-68		33.78		-88.85		-68		34.4103333333		-88.4		-72		33.5225		-91.89		-70		34.6996666667		-91.43

		-69		32.8330555556		-90.78		-69		34.1177777777		-89.85		-69		34.194		-89.4		-73		32.6055555556		-92.89		-71		34.4716666667		-92.43

		-70		31.3336111111		-91.78		-70		33.86777777		-90.85		-70		33.6178333333		-90.4		-74		30.5469444444		-93.89		-72		33.953		-93.43

		-71		29.8541666667		-92.78		-71		33.2		-91.85		-71		32.9918333333		-91.4		-75		28.536111111		-94.89		-73		32.8273333333		-94.43

		-72		27.2623611111		-93.78		-72		32.13111111		-92.85		-72		30.9456666667		-92.4		-76		25.1194444444		-95.89		-74		31.379		-95.43

		-73		21.9518055556		-94.78		-73		29.5488888889		-93.85		-73		30.118		-93.4		-77		20.5266666667		-96.89		-75		29.4661666667		-96.43

		-74		15.7291666667		-95.78		-74		25.59		-94.85		-74		27.0048333333		-94.4		-78		14.5866666667		-97.89		-76		23.6333333333		-97.43

		-75		9.4454166667		-96.78		-75		21.9830555		-95.85		-75		23.285		-95.4								-77		18.2468333333		-98.43

		-76		5.5766666667		-97.78		-76		17.98861111		-96.85		-76		17.83		-96.4								-78		11.537		-99.43

								-77		12.7280555555		-97.85		-77		12.282		-97.4

														-78		9.0798333333		-98.4

		calibration		-3.0177566763		-1.5088783382		calibration		-3.9472616383		-1.9736308192		-79		5.554		-99.4								calibration		-3.3741251125		-1.6870625562

														-80		2.5618333333		-100.4

								calibration						calibration		-4.3950943227		-2.1975471613		calibration		-4.9145626263		-2.4572813132

		bad, average

		Power		-90		-89.5		-89		-88.5		-88		-87.5		-87		-86.5		-86		-85.5		-85		-84.5		-84		-83.5		-83		-82.5		-82		-81.5		-81		-80.5		-80		-79.5		-79		-78.5		-78		-77.5		-77		-76.5

		TP		11.2874306692		12.8779967205		14.5223144433		16.644905001		18.8513102781		20.6854544449		22.2715486119		23.7144483343		24.9982648905		26.0478251128		26.9181186676		27.7245506668		28.5035166664		29.205047777		29.9215688877		30.642963333		31.2025024451		31.6753182227		32.2205233333		32.9788937777		33.6180462219		33.8578837768		34.0196413322		34.0836044435		34.1651595544		34.2087791101		34.2048813322		34.1896177763

		good, average

		Power		-97		-96.5		-96		-95.5		-95		-94.5		-94		-93.5		-93		-92.5		-92		-91.5		-91		-90.5		-90		-89.5		-89		-88.5		-88		-87.5		-87		-86.5		-86		-85.5

		17.2619475561		19.8484903302		22.1291108796		24.2307075485		26.1133555539		27.8187016656		29.3872634431		30.6942845553		31.6063897793		32.2070114465		32.7606552231		33.2757702216		33.6431971098		33.9172793332		34.1458793346		34.2628165568		34.2943191118		34.4007852219		34.5319072214		34.5699905547		34.5671522212		34.5780633328		34.5943555552		NaN
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