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1.
Abstract
This contribution proposes a noise floor verification procedure for MIMO-OTA set-ups based on the multi-probe Anechoic Chamber (AC) solution together with some noise floor measurement results obtained at the Aalborg University/Intel facility.
2.
Introduction

Companies participating in the specification of MIMO OTA testing methodologies [7] are carrying out an Inter-Lab / Inter-Technique (IL/IT) testing activity [1] that consists of channel model verification, absolute throughput framework, and radiated measurements. The latest CTIA IL/IT effort concentrates its radiated measurements testing around DUT sensitivity levels, where no additional artificial noise is added to the measurement system.

This contribution presents for Band 13 the results of radiated OTA throughput testing. Channel model verification was presented in [9]. Absolute throughput results for Intel’s Anechoic Chamber approach are presented in [11].
The setup used for these measurements is located at Aalborg University.  Intel and Aalborg University are collaborating on the MIMO OTA topic.  Further information about the multi-probe anechoic MIMO OTA setup has been reported in [3-6].
3.
Discussion
3.1
Measurement Setup
3.1.1
Equipment Specification
Table 3.1.1-1: Instrumentation settings
	Instrument:
	Channel Model Emulator (Fader)

	Manufacturer:
	Anite

	Hardware Model:
	2 x F8

	Software Firmware:
	EB Propsim 3.1.1

	Channel Bandwidth:
	40 MHz

	Ports in use for radiated throughput measurements
	Inputs: port 1 and port2 connected to Base Station Emulator (BSE) outputs
Outputs: 8 outputs to vertical polarization, 8 outputs to horizontal polarization

	Instrument:
	Vector Network Analyzer (VNA)

	Manufacturer:
	Agilent Technologies

	Model:
	HP8753D

	Firmware:
	7.14

	Instrument:
	Spectrum Analyzer (SA)

	Manufacturer:
	Rohde&Schwarz

	Model:
	FSP7

	Firmware:
	1.30

	Instrument:
	Base Station Emulator (BSE)

	Manufacturer:
	Rohde&Schwarz

	Model:
	CMW500

	Firmware:
	Base: 30.0.16
LTE: 3.0.50

	Ports in use for conducted and OTA Testing:
	Input: RF2 COM

Output1: RF1 OUT

Output2: RF3 OUT

	Instrument:
	Power Amplifiers (PA)

	DL Power Amplification
	15 dB

	UL Power Amplification
	45 dB

	Instrument:
	LTE Device Under Test (DUT)

	Manufacturer:
	HTC

	Model:
	Rezound

	Firmware:
	OS: Android 4.0.3
Software number: 4.03.605.2 710RD
Baseband Version: 2.22.10.0801R,2.22.10.0803R

	Instrument:
	DUT Antennas

	Manufacturer:
	SATIMO

	Model:
	LTE Band 13 Good, Nominal and Bad
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Figure 3.1.1-1: BSE (left); Fader and PAs (middle); VNA, SA and position control instruments (right) 
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Figure 3.1.1-2: DUT and CTIA reference antennas for Band 13 with Good, Nominal and Bad performance

3.1.2
Anechoic Chamber Configuration
As seen in Figure 3.1.2-1 below, we use a laser to calibrate the position of our measurement antenna to keep the same distance from all probes. To match the height of the antenna with the azimuth plane of our ring we have a known distance from a horizontal line (seen over a ruler in figure 3.1.2-1).
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Figure 3.1.2-1: Anechoic Chamber with 8 dual-polarized probes configuration (middle); Vertical polarization measurement antenna (left); Horizontal polarization measurement antenna (right)
Unused antennas are covered by absorbers to avoid undesired interactions as shown in Figure 3.1.2-1. The uplink antenna is placed at the bottom of the positioning mast as shown in Figure 3.1.3-3.

All vertical polarization probes are connected to one fader unit. The remaining ones, which correspond to the horizontal polarization, are connected to a second unit. A power amplifier stage and a switching unit are added to the system to enhance the dynamic range of the system and allow calibration with a VNA.
Figure 3.1.2-2 below describes how each of the faders is connected to probes in our ring, and also the direction of movement of our measurement antenna or DUT.
[image: image9.emf]
Figure 3.1.2-2: Ring and measurement position diagram
3.1.3 
Equipment connection diagram

The equipment described in this section is connected as shown in the following figures depending on the step of measurement to be performed.
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Figure 3.1.3-1: Connection diagram to perform relative path gain and phase calibration
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Figure 3.1.3-2: Connection diagram to perform absolute power level and noise floor measurements
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Figure 3.1.3-3: Connection diagram for radiated OTA throughput measurements and UL antenna location
3.2
Calibration of the system

The multi-probe AC MIMO-OTA setup must be calibrated first in terms of relative path gain and phase so that the signal delivered by each transmitting probe arrives at the center of the test zone with the same power level and phase.

Once the initial relative path calibration is performed, the output power at the fading units must be equalized to obtain the desired channel power and XPR for the channel model being tested. According to [1], the target RS EPRE seen at the DUT position must be -85 dBm/15 kHz and the XPR must be 0.83 dB for SCMe UMi, 8.13 dB for SCMe UMa and 5.83 dB for SCMe UMa/B.

An overview of the proposed calibration procedure for AC based MIMO-OTA testing was presented in [10].
3.3
Radiated OTA Measurements
3.3.1
Test Parameters
3.3.1.1
Modulation and Coding Schemes
As specified in the updated version of the IL/IT document [1], only one MCS is tested as summarized in Table 3.3.1.1-1.
Table 3.3.1.1-1: Selected MCS and initial RS EPRE and AWGN
	TM
	Reference channel
	MCS
	TBS
	RS EPRE
	AWGN
	Subframes

	TM3
	R.35 FDD
	QAM 64
	18
	-85 dBm/15 kHz
	None
	20000


The above noise and power configuration is defined as the initial measurement point. Afterwards, the RS EPRE is decreased in steps of 0.5 dB by increasing the RF attenuation of the channel emulators at their output ports until a BLER higher than 30% is reached. However for some measurements it seems that the starting point for the measurement was too optimistic, hence we have decided to start the measurement at -80 dBm/15 kHz.
3.3.1.2
Noise Generation

This contribution
 focuses on the UE-Noise limited (or Sensitivity) measurements and no artificial noise injection is used. Nonetheless, we consider the noise floor observed in the test zone a limiting factor to compare results. During the OTA calibration, see section 3.2.1, the noise level for both polarizations is noted down for each channel model. 

3.3.1.3
Positioning of the DUT

The DUT is positioned according to section 3.5 of [1]. The DUT is then rotated over azimuth, i.e. around the z axis, in steps of 30 degrees, resulting in a total of 12 orientations in the 2D plane.

The signal power level sweep for each rotation is included in the graphs presented in section 3.3.2. Also as mandated by the 3GPP reference document [8], an average over rotation per signal level for each antenna and channel model is plotted in the graphs.
3.3.2
Radiated Measurement Results

3.3.2.1
Band 13 SCMe UMi results
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Figure 3.3.2.1-1: Band 13 SCMe Urban Micro Sensitivity measurements comparison for Good (green), Nominal (red), and Bad (blue) CTIA reference antennas
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Figure 3.3.2.1-2: Band 13 SCMe UMi Average throughput comparison over all rotations

In Figure 3.3.2.1-1 the results of SCMe UMi throughput testing for each of the rotations is presented. Figure 3.3.2.1-2 presents the average throughput for each RS EPRE level. The difference between the average performance curves is shown in Table 3.3.2.1-1
Table 3.3.2.1-1: Difference between CTIA antennas in average performance under SCMe UMi

	SCMe UMi
	Difference at 90% Throughput

	Δ|Good-Nominal|
	4.12 dB

	Δ|Nominal-Bad|
	5.28 dB

	Δ|Good-Bad|
	9.40 dB


3.3.2.2
Band 13 SCMe UMa/B results
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Figure 3.3.2.2-1: Band 13 SCMe Urban Macro/B Sensitivity measurements comparison for Good (green), Nominal (red), and Bad (blue) CTIA reference antennas
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Figure 3.3.2.2-2: Band 13 SCMe UMa/B Average throughput comparison over all rotations

In Figure 3.3.2.2-1 the results of SCMe UMa/B throughput testing for each of the rotations is presented. Figure 3.3.2.2-2 presents the average throughput for each RS EPRE level. The difference between the average performance curves is shown in Table 3.3.2.2-1.
Table 3.3.2.2-1: Difference between CTIA antennas in average performance under SCMe UMa/B
	SCMe UMa/B
	Difference at 90% Throughput

	Δ|Good-Nominal|
	2.95 dB

	Δ|Nominal-Bad|
	9.55 dB

	Δ|Good-Bad|
	12.50 dB


3.4
Comparison with other AC Labs

As extracted from the IL/IT results comparison presented in [13], we have included in this section a comparison with other multi-probe AC solution based labs.
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Figure 3.4-1: Average throughput comparison under SCMe UMi OTA radiated between Intel and SATIMO
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Figure 3.4-2: Average throughput comparison under SCMe UMa/B OTA radiated between Intel and SATIMO
Table 3.4-1: 90% Throughput point comparison for OTA Radiated between Intel and SATIMO
	Antenna
	Intel
SCME UMi

[dBm/15 kHz]
	Satimo
SCME UMi

[dBm/15 kHz]
	Difference

[dB]
	Intel
SCME UMa/B

[dBm/15 kHz]
	Satimo
SCME UMa/B

[dBm/15 kHz]
	Difference

[dB]

	CTIA Bad
	-91.50 
	-92.91
	1.41
	-83.90
	-87.15
	3.25

	CTIA Nominal
	-96.78 
	-98.50
	1.72
	-93.45
	-93.06
	0.39

	CTIA Good
	-100.90
	-101.41
	0.51
	-96.40
	-96.15
	0.25


Table 3.4-2: Relative Antenna performance comparison at 90% Throughput for OTA Radiated between Intel and SATIMO
	
	Intel
SCME UMi

[dB]
	Satimo
SCME UMi

[dB]
	Δ

[dB]
	Intel
SCME UMa/B

[dB]
	Satimo
SCME UMa/B

[dB]
	Δ

[dB]

	Δ|Good-Nominal|
	4.12
	2.91
	1.21
	2.95
	3.09
	0.14

	Δ|Nominal-Bad|
	5.28
	5.59
	0.31
	9.55
	5.91
	3.64

	Δ|Good-Bad|
	9.40
	8.50
	0.90
	12.50
	9.00
	3.50


4.
Conclusion


This contribution presents a repetition of the OTA Radiated results performed by Intel as part of the ongoing IL/IT effort. As an added effort the DL PA stage was reduced to 15 dB and noise floor was documented to repeat these results and provide better comparability.

In the figures presented we can see that the multi-probe anechoic chamber methodology is capable of providing clear results to distinguish the performance of a DUT under different channel models as well as distinguishing different antenna impacts under the same scenario.
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