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1. Introduction

This paper compares throughput results using different sets of measured reference antenna patterns using an identical cable conducted setup.
Four sets of reference antenna patterns for Band 13 were used:

· Satimo typical data, available at: 
https://dbox.satimo.fr/www/?a=d&i=2232691135
These files are directivity patterns, they have been scaled with the efficiency data available at: http://cpwg.ctia.org/File/documents.cfm?tab=documents&ID=59
· Motorola antenna patterns, available at: 
https://www.apnet.es.aau.dk/tiki/tiki-index.php?page=3DAAU+File+Format
· Agilent 1st stage measured patterns.

· Tri-L 1st stage measured patterns
The antenna patterns were compared not directly but by making throughput measurement on band 13. The purpose is only to compare the impact of the antenna patterns, so they are assessed with identical setup and settings on a single UE. The reference channel is the R.35 FDD and we use UMi correlation based model to assess the pattern differences.
2. Measurement results
The throughput results are shown below. The three band 13 reference antennas are used for a cable conducted measurement. Individual results are first presented in Figure 2:
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Figure 1: All angles throughput results

At first glance, the results for all antenna patterns look close and similar. Averaging is then performed in order to compare the different antenna patterns. Here, the new method for averaging using the inverse power method described in [1] and also the old method using the vertical throughput averaging are used and compared as an example of the impact. Results are shown in Figure 2 and Figure 3.
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Figure 2: Throughput results with vertical throughput averaging method
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Figure 3: Throughput results with inverse power averaging method
Very good agreement is seen in the results of the nominal reference antenna which are within 0.87 dB at the 70% ratio of the maximum throughput with the inverse power averaging method. The spread is larger when it comes to the good and bad antenna results, with respectively 1.31dB and 1.62 dB differences between the averaged curves.
The received RS_EPRE in dB is shown for 70% ratio of the maximum throughput in Table 1:

Table 1: RS_EPRE for 70% throughput results for averaged curves
	Vertical TP averaging method

	Antenna pattern
	Good
	Nominal
	Bad

	Agilent
	-110.34
	-106.71
	-100.32

	Satimo
	-111.40
	-106.89
	-99.78

	Motorola
	-109.68
	-107.10
	-101.21

	Tri-L
	-110.44
	-107.79
	-101.50

	Inverse power averaging method

	Antenna pattern
	Good
	Nominal
	Bad

	Agilent
	-110.53
	-106.55
	-100.08

	Satimo
	-111.16
	-106.88
	-99.55

	Motorola
	-109.85
	-106.99
	-100.97

	Tri-L
	-110.27
	-107.42
	-101.17


The relative performance in dB is shown for 70% ratio of the maximum throughput in Table 2:
Table 2: Relative spacing in between reference antennas for 70% throughput
	Vertical TP averaging method

	Antenna pattern
	Good -> Nominal
	Nominal -> Bad
	Good ->Bad

	Agilent
	3.6 dB
	6.4 dB
	10 dB

	Satimo
	4.5 dB
	7.1 dB
	11.6 dB

	Motorola
	2.6 dB
	5.9 dB
	8.5 dB

	Tri-L
	2.6 dB
	6.3 dB
	8.9 dB

	Inverse power averaging method

	Antenna pattern
	Good -> Nominal
	Nominal -> Bad
	Good ->Bad

	Agilent
	4.0 dB
	6.5 dB
	10.5 dB

	Satimo
	4.3 dB
	7.3 dB
	11.6 dB

	Motorola
	2.9 dB
	6.0 dB
	8.9 dB

	Tri-L
	2.8 dB
	6.2 dB
	9.1 dB


When comparing the difference in the relative performance between patterns the situation is seen to get worse since some patterns narrow the difference while others widen it.

The extreme result for the good to bad difference shows a spread of results from 8.5 dB (Motorola) to 11.6 dB (SATIMO) – a spread of 3.1 dB. 
3. Conclusion

Four sets of antenna patterns used for the absolute data throughput framework have been analyzed. The results from the measurements show a significant variation in performance where there should be none. Given that the antenna pattern seen by the UE for the radiated measurements is always the same, this variation in conducted performance for the four different patterns means that it is not safe to assume that equivalence between radiated and conducted measurements means that the radiated environment is correct.
The largest difference in performance is seen between the Motorola and SATIMO results. The former were measured using RF band-specific chokes to avoid interfering with the antenna patterns. The SATIMO patterns were measured without RF chokes. The Agilent and Tri-L results which are much closer to the Motorola results were measured using the two-stage non-intrusive antenna pattern method and should be very close to the actual antenna pattern seen by the UE during the radiated measurements.
Analysis of the patterns themselves has not yet been done since this would not have directly indicated the significance of any difference found on the throughput measurements. Such pattern analysis would however be useful to see if this correlated with the throughput differences.

The consequences of the performance differences due to antenna pattern measurement methods should be taken into account when comparing radiated results during the harmonization phase and in future uncertainty analysis. 
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