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1.
Abstract
As part of the CTIA IL/IT effort for MIMO-OTA testing solutions this contribution presents the results of the absolute throughput performance evaluation.
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 focuses on the absolute throughput framework measurements required for completing “C”.
The set-up used for the measurements presented in this contribution 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 set-up 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:
	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

	Note:
	Complex radiation antenna pattern
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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

3.1.3 
Equipment connection diagram

For absolute throughput testing the equipment specified in previous section is connected as shown in Figure 3.1.3-1.
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Figure 3.1.3-1: Connection diagram to perform conducted absolute throughput measurements
3.2
Calibration of the system

Following the guidelines described in section D.3 of [1], the system is calibrated by attenuating the signal at the output of the fading emulator in order to match the target RS EPRE level at the antenna ports of the DUT. The power level is measured with a spectrum analyzer using the channel power option.
3.3
Conducted Baseline Performance

The IL/IT Testing [1] requires a reference baseline measurement to ensure that the DUT achieves >97% of the theoretical throughput for the RMC R.35. Additionally, the result of this testing together with a signal level sweep with no artificial noise added is presented in Figure 3.3-1, from which we can extract that the sensitivity level, which is 
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 for this particular RMC.
The connection diagram used for this testing is the same as the one presented in Figure 3.1.3-1. An uncorrelated single tap constant channel simulation file is loaded in the channel emulator. The calibration of the system is done as described in 3.2.
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Figure 3..3-1: Band 13 UE Noise Limited Conducted Baseline measurement

3.3
Absolute Throughput Measurements
3.3.1
Test Parameters

3.3.1.1
Modulation and Coding Schemes

As specified in the updated version of the IL/IT effort [1], only one MCS is tested as summarized in Table 3.3.1.1-1. The specified noise and power configuration is defined as the initial measurement points. Afterwards, the RS EPRE is decreased in steps of 0.5 dB until a BLER higher than 30% is reached.
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


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. 

3.3.1.3
Positioning of the DUT

The DUT is placed inside a shielded box and connected to an external power supply to skip battery drain. The positioning of the DUT’s antennas, the CTIA reference Antennas, relative to the channel model’s direction 0º is emulated inside the channel emulator. 

Additionally, during the radiated measurements [10] the DUT is rotated in azimuth around the z axis. The relative azimuth rotation of the DUT antennas relative to the channel model and the emulation of complex radiation pattern of the CTIA Antennas are done following the directives presented in section 9.3.1.3 of [8]. Section 3.3.2 of this contribution presents the results of the signal level sweep for each of the 12 emulated rotations of the antennas and the average performance of the DUT for each antenna and channel model combination.
3.3.2
Absolute Throughput 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 given 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|
	3.42 dB

	Δ|Nominal-Bad|
	6.20 dB

	Δ|Good-Bad|
	9.62 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|
	3.44 dB

	Δ|Nominal-Bad|
	7.18 dB

	Δ|Good-Bad|
	10.62 dB


3.4
Comparison with Radiated OTA Performance

In this section we present a comparison between our OTA Radiated results presented in [10] and our absolute throughput measurements included in the previous sections of this contribution.
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Figure 3.4-1: Average throughput comparison between SCMe UMi OTA radiated and Absolute throughput 
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Figure 3.4-2: Average throughput comparison between SCMe UMa/B OTA radiated and Absolute throughput 

The following tables summarize the RS EPRE point necessary to achieve 90% of the maximum theoretical throughput for this RMC for the curves shown in Figures 3.4-1 and 3.4-1. For the Absolute Throughput outage points’ comparison in Tables 3.4-1 and 3.4-2 under SCMe UMi the average curves presented in 3.3.2.1-3 were used.
Table 3.4-1: 90% Throughput point comparison for Absolute Throughput and OTA Radiated

	Antenna
	Radiated

SCME UMi
[dBm/15 kHz]
	Abs. Tpt.

SCME UMi
[dBm/15 kHz]
	Difference

[dB]
	Radiated

SCME UMa/B
[dBm/15 kHz]
	Abs. Tpt.

SCME UMa/B
[dBm/15 kHz]
	Difference

[dB]

	CTIA Good
	-100.90
	-100.79
	0.11
	-96.40
	-96.92
	0.52

	CTIA Nominal
	-96.78 
	-97.37
	0.59
	-93.45
	-93.48
	0.03

	CTIA Bad
	-91.50 
	-91.17
	0.33
	-83.90
	-86.30
	2.40


Table 3.4-2: Relative Antenna performance comparison between Absolute Throughput and OTA Radiated
	
	Radiated

SCME UMi

[dB]
	Abs. Tpt.

SCME UMi

[dB]
	Δ

[dB]
	Radiated

SCME UMa/B

[dB]
	Abs. Tpt.

SCME UMa/B

[dB]
	Δ

[dB]

	Δ|Good-Nominal|
	4.12
	3.42
	0.70
	2.95
	3.44
	0.49

	Δ|Nominal-Bad|
	5.28
	6.20
	0.92
	9.55
	7.18
	2.37

	Δ|Good-Bad|
	9.40
	9.62
	0.22
	12.50
	10.62
	1.88


4.
Conclusion

Throughout this contribution we have summarized the Absolute throughput framework made with the equipment used in the Anechoic Chamber set-up at Intel. As mandated by the updated version of the CTIA IL/IT effort presented in [1], we have included a comparison with our OTA radiated measurements.
As presented in section 3.4 of this document, we have successfully matched within acceptable difference our Absolute Throughput measurements with the MIMO-OTA Radiated results obtained in the Anechoic Chamber set-up of Intel Corporation. Moreover, these differences are within the margins presented by our OTA reparability test [11].
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