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1. Introduction
The CTIA MOSG reference antennas and reference devices were created to evaluate the proposed methodologies for assessment of performance of MIMO enabled devices according to the test plan of [1]. This contribution presents results from measurements of these reference devices.  This contribution submits the results from [4] presented in the CTIA, with a correction to one graph.
1. Reference Antennas and Reference Devices

A set of three reference antennas (Good, Nominal and Bad) for Band 13 along with an HTC handset were used for these tests. Table I summarizes the identification data for the reference devices. 

Table I   Identification data for reference devices.
	Reference Device 
	HTC

	
	
	

	Reference Device Specifications
	
	

	
	Band
	13

	
	Vendor
	HTC

	
	Model no.
	ADR6425LVW

	
	CTIA ID no.
	1442-1855

	
	Comment
	External antenna cables provided

	Good Antenna
	
	

	
	SN
	016

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	016

	
	Rev.
	B

	
	Comment
	

	Bad Antenna
	
	

	
	SN
	016

	
	Rev.
	B

	
	Comment
	


2. Test Conditions

The tests were conducted using the methodology for reverberation chambers described in [2].  Some differences from [2] were necessary; these will be noted as appropriate.
Equipment

Beyond the reference devices, the following equipment was used

· eNodeB emulator: Rohde & Schwartz CMW-500

· Channel emulator: Azimuth Systems ACE MX

· Reverberation chamber: Azimuth Systems, 4 transmit antennas, turntable and stirrer

Conducted environment

Figure 1 below shows the general test environment used for conducted tests.  The two output ports of the eNodeB emulator are connected to the channel emulator, which drives two outputs to the DUT.  The DUT is placed in an RF shield box to prevent outside interference.
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Figure 1.  Conducted test setup.
Radiated Environment
Figure 2 below shows the general test environment used for radiated tests.  The two output ports of the eNodeB emulator are connected to the channel emulator, which drives a set of up to four antennas through RF amplifiers.  The DUT is placed on a turntable in such a way that the DUT antennas are near the edge of the turntable.  This maximizes the physical motion within the chamber during a test, which improves the mode stirring.  Four transmit antennas were placed in the corners of the chamber and used to create a more statistically accurate fading environment.
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Figure 2.  Radiated test setup.
Calibration

An important aspect of the test procedure is to ensure a known signal level at the DUT location. To achieve this, the following calibration procedure was used.

Using a network analyzer, the path loss was measured for a single wall antenna path to the calibration antenna.  The path was measured as the turntable and stirrer was in motion, and when these completed a sweep, the average path loss (after calibration antenna efficiency) was computed.  This was repeated for each wall antenna to produce four average path loss values.  Since it is possible for these values to be different, the channel emulator was used to provide attenuation on the lower-loss paths to match as closely as possible the end-to-end losses.  Finally, the signal level present at the DUT is computed as the sum of the power provided at the DUT location from each wall antenna.

RMS delay spread was computed using the direct method described [2], and RF absorber was added to achieve the desired delay spread.  The delay spread achieved for the throughput measurements was 30-40 ns.
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Figure 3.  Calibration setup.
Channel Models

The channel models specified for the radiated testing are the isotropic models based on SCME narrow (8 deg RMS AS) Urban Macro (UMa) and the SCME Urban Micro (UMi) as specified in [1]. For conducted tests, the channel models were correlation based versions of the SCME narrow (8 deg RMS AS) Urban Macro (UMa) and the SCME Urban Micro (UMi) as specified in [1]. The results are presented using these models. 

 Two sets of conducted measurements were taken, different only in the choice of DUT antenna model.  For one, the DUT antenna was selected to be two vertically polarized dipoles placed 0.5 wavelengths apart.  In the other, with the receive side correlation equal to that of the complex correlation coefficient of the reference antennas. These were used to match the radiated and conducted environments.

Deviation from the test plan: The BS antenna spacing as defined in MOSG120521 creates models with high correlation values which caused disconnect issues. Instead, two vertically polarized antennas spaced 10 wavelengths apart were used.
eNodeB Configuration

The eNodeB emulator was configured according to section 3.1 of [1]. The emulators software version for LTE Signaling was 3.0.10.

Measurement Procedure

Once the device was connected to the eNodeB emulator, the power to the DUT was set in accordance with [1]. The power level from the channel emulator was measured and used to calculate the necessary Signal to Noise Ratio (SNR) as seen by the DUT. Once the SNR was established, throughput was measured over 50,000 subframes corresponding to a time of approximately 50 seconds per point, the time needed to achieve isotropy [3]. To adjust the SNR to the next level, the power from the eNodeB emulator was reduced, resulting in a lower SNR. This was repeated for all SNR values for the corresponding test.
3. Test Results

An error in a graph contained in [4] was discovered.  This error amounted to a 5 dB shift to the right of the performance for the bad antenna, for the UMi channel model and 64-QAM (graph title: “OTA UMi – 64QAM – TM3”).  This error is corrected herein.  The data contained in the embedded spreadsheet did not contain this error and is given below in its original form.
Data


[image: image4.emf]Results


Conducted with No Channel Impairments
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Conducted with Channel Models
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Radiated
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Comparison of Conducted and Radiated

The following results show the similarities between conducted and radiated environments when the conducted channel models receive side correlation is set to the complex correlation coefficient of the reference antenna. However, there are still some uncertainties between the two environments so this needs further study.
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4. Conclusions

The results here show the lessons learned by Azimuth during the IL/IT testing, notably:

1. The BS antenna spacing as defined in MOSG120521 creates models with high correlation values which caused disconnect issues. Instead, two vertically polarized antennas spaced 10 wavelengths apart were used.

2. The reverberation chamber plus channel emulator method can properly rank devices with known properties and show the impact of channel models

3. We have been able to show reasonable levels of agreement between radiated and conducted environments when the conducted channel models are configured accordingly. However, this still needs further study.
References

[1] MOSG120521R4, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices”, AT&T, 2 Aug 2012.
[2] R4-112505, “MIMO OTA technical report update: TR 37.976 Version 1.5.0”, Vodafone, Elektrobit, RAN WG4 #59, Barcelona, Spain, 9-13 May 2011.
[3] IEC 61000-4-21, “Electromagnetic Compatibility (EMC) – Part 4-21: Testing and measurement techniques – Reverberation chamber test methods”, first edition, 2003-08 (http://www.iec.ch/).

[4] MOSG121011R1, “Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices,” Azimuth Systems, 4 October 2012.
Appendix: Verification of Channel Model Implementations

5. Power-Delay-Profile

VNA settings:

	
Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50

	RF output level
	dBm
	-15

	Number of traces
	
	1296

	Number of points
	
	501


Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	2592

	Channel model
	
	UMi


[image: image14.jpg]Envelope Power
c o o o o
S8R &5

01

8T5MHz-925MHz_Sweep-OTA SCME Urban Micro, 0.5 DL_Ports-4 csv
T T

T T T T

0 100 200 300 400

500
Time (ns)

T T : .
— periment H

[ Model

= 50MHz bandlimited pulse
_ RMS-Delay = 35ns





Measured Power Delay Profile of SCME UMi at DUT Location

6. Doppler for reverberation methods
Signal generator settings:
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Output level
	dBm
	-15

	Modulation
	
	OFF


Spectrum analyzer settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	Hz
	2000

	RBW
	Hz
	1

	VBW
	Hz
	1

	Number of points
	
	401

	Averaging
	
	100


Channel model specification:
	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model
	
	As specified in [1]

	Mobile speed
	km/h
	60
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Doppler Spectrum for 60 km/hr measured at DUT location
7. Correlation for isotropic methods


VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 

	RF output level
	dBm
	-15

	Number of traces
	
	1296 

	Number of points
	
	51

	Averaging
	
	1 


Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	2592

	Channel model
	
	Single tap with varying correlations


[image: image16.jpg]Correlation

05

04

03

02

01

L
742

.
744

L
746

L
748

. .
750 752
Frequency (MHz)

L
754

L
756

L
758

L
760





Observed correlation values measured at the DUT location for different model correlations.
8. Rayleigh Fading


VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	50 

	RF output level
	dBm
	-15

	Number of traces
	
	1296 

	Distance between traces in channel model
	wavelength (*)
	> 2

	Number of points
	
	51

	Averaging
	
	1 


Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	> 2592

	Channel model
	
	As specified in [1]


We measured the distribution of the fading amplitude in the chamber with a 4 antenna system at 700 MHz with 500 samples binned into 10 bins. Chi-Square test shows the result to be near perfect Rayleigh.
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9. Isotropy for Isotropic Models

VNA settings:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Span
	MHz
	200

	RF output level
	dBm
	-15

	Number of traces per wall antenna
	
	1296 

	Distance between traces in channel model
	wavelength (*)
	NA

	Number of points
	
	201

	Averaging
	
	NA


(* Time [s] = distance [(] / MS speed [(/s]

MS speed [(/s] = MS speed [(/s] / Speed of light [m/s] * Center frequency [Hz]

Channel model specification:

	Item
	Unit
	Value

	Center frequency
	MHz
	Downlink Center Frequency in 36.508 as required per band

	Channel model samples
	wavelength
	NA

	Channel model
	
	NA
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10. Reporting

Additionally, the results should be summarized in the following table (some entries like isotropy apply only to certain methods):

	Item
	Parameter
	Result
	Tolerances
	Comments

	1
	Power delay profile
	
	
	

	2
	Doppler / Temporal Correlation
	
	
	

	3
	Spatial Correlation
	
	
	

	4. 
	Cross Polarization
	
	
	

	5.
	Rayleigh fading
	
	
	

	6.
	Isotropy
	
	
	


Note: The exact tolerances are for further study. 
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_1420855325.xls
Conducted

		16QAM, TM3

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		15		23.32411		99.98%										15		23.32048		99.97%

		14		23.32074		99.97%										14		23.28057		99.80%

		13		23.29871		99.87%										13		23.0618		98.86%

		12		23.17637		99.35%										12		22.21836		95.24%

		11		22.30027		95.59%										11		19.45322		83.39%

		10		19.84928		85.09%										10		14.38482		61.66%

		9		15.02712		64.42%										9		7.775222		33.33%

		8		7.860758		33.70%										8		2.665872		11.43%

		64QAM, TM3

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		25		35.38031		99.88%										25		35.38858		99.90%

		24		35.38897		99.90%										24		35.3807		99.88%

		23		35.38149		99.88%										23		35.37283		99.86%

		22		35.37637		99.87%										22		35.36772		99.84%

		21		35.37204		99.85%										21		35.32324		99.72%

		20		35.35473		99.80%										20		35.13864		99.19%

		19		35.24531		99.50%										19		34.45732		97.27%

		18		34.932		98.61%										18		31.85169		89.92%

		17		33.66658		95.04%										17		27.41857		77.40%

		16		30.51345		86.14%										16		19.59262		55.31%

		15		24.1694		68.23%										15		11.14439		31.46%





OTA-16QAM

		16QAM, TM3, Good Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		20		23.32489		99.99%										20		23.30467		99.90%

		19		23.32696		100.00%										19		23.32567		99.99%

		18		23.3267		99.99%										18		23.32359		99.98%

		17		23.31841		99.96%										17		23.31063		99.93%

		16		23.32774		100.00%										16		23.10768		99.06%

		15		23.31971		99.96%										15		22.25465		95.40%

		14		23.32152		99.97%										14		18.8682		80.88%

		13		23.31763		99.96%										13		15.31613		65.66%

		12		23.19736		99.44%										12		7.728307		33.13%

		11		22.37233		95.90%										11		2.091744		8.97%

		10		19.78448		84.81%										10		0.3361824		1.44%

		9		14.1772		60.77%										9		0.0334368		0.14%

		8		6.640704		28.47%										8		0		0.00%

		7		2.045347		8.77%										7

		6		0.3963168		1.70%										6

		5		0.0316224		0.14%										5

		16QAM, TM3, Nominal Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		20		23.32256		99.98%										20		23.31582		99.95%

		19		23.32411		99.98%										19		23.31115		99.93%

		18		23.32152		99.97%										18		23.30052		99.88%

		17		23.31297		99.94%										17		23.28342		99.81%

		16		23.32489		99.99%										16		23.02111		98.68%

		15		23.32256		99.98%										15		22.19063		95.12%

		14		23.32204		99.97%										14		18.3918		78.84%

		13		23.31478		99.94%										13		14.76818		63.31%

		12		23.20773		99.48%										12		7.645622		32.77%

		11		22.56129		96.71%										11		1.926893		8.26%

		10		19.83684		85.03%										10		0.2651616		1.14%

		9		14.46906		62.02%										9		0.0274752		0.12%

		8		6.676992		28.62%										8		0.0007776		0.00%

		7		1.960589		8.40%										7

		6		0.3566592		1.53%										6

		5		0.0254016		0.11%										5

		16QAM, TM3, Bad Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		20		23.32204		99.97%										20		23.16548		99.30%

		19		23.31789		99.96%										19		22.97523		98.49%

		18		23.31867		99.96%										18		23.10509		99.04%

		17		23.32333		99.98%										17		22.18933		95.12%

		16		23.31971		99.96%										16		20.36301		87.29%

		15		23.32722		100.00%										15		17.40424		74.61%

		14		23.27409		99.77%										14		12.64118		54.19%

		13		23.2321		99.59%										13		9.254218		39.67%

		12		23.00789		98.63%										12		3.691008		15.82%

		11		21.22381		90.98%										11		0.549504		2.36%

		10		18.4737		79.19%										10		0.0787968		0.34%

		9		13.16373		56.43%										9		0.0057024		0.02%

		8		5.993482		25.69%										8		0		0.00%

		7		1.595117		6.84%										7

		6		0.2337984		1.00%										6

		5		0.0243648		0.10%										5





OTA-64QAM

		64QAM, TM3, Good Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		30														30		35.19729		99.36%

		29														29		34.92846		98.60%

		28														28		35.28348		99.60%

		27														27		34.85328		98.39%

		26														26		33.64886		94.99%

		25		35.42046		99.99%										25		33.66107		95.02%

		24		35.424		100.00%										24		32.08667		90.58%

		23		35.4181		99.98%										23		30.30799		85.56%

		22		35.40432		99.94%										22		25.99571		73.38%

		21		35.41967		99.99%										21		17.08775		48.24%

		20		35.40511		99.95%										20		10.86179		30.66%

		19		35.23743		99.47%										19		4.393757		12.40%

		18		34.90405		98.53%										18		0.5183712		1.46%

		17		33.72798		95.21%										17		0.1483872		0.42%

		16		29.44522		83.12%										16

		15		21.88062		61.77%										15

		14		12.53026		35.37%										14

		13		4.689744		13.24%										13

		12		1.032019		2.91%										12

		11		0.1491744		0.42%										11

		10		0.0102336		0.03%										10

		64QAM, TM3, Nominal Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		30														30		35.11069		99.12%

		29														29		34.52029		97.45%

		28														28		34.57973		97.62%

		27														27		34.33294		96.92%

		26														26		32.91401		92.91%

		25		35.41219		99.97%										25		32.83884		92.70%

		24		35.38188		99.88%										24		29.91163		84.44%

		23		35.37008		99.85%										23		27.51185		77.66%

		22		35.38149		99.88%										22		23.90805		67.49%

		21		35.34056		99.76%										21		15.7806		44.55%

		20		35.31891		99.70%										20		8.734378		24.66%

		19		35.10597		99.10%										19		3.353078		9.47%

		18		34.56005		97.56%										18		0.446736		1.26%

		17		33.26117		93.89%										17		0.0700608		0.20%

		16		28.74382		81.14%										16		0.001968		0.01%

		15		20.56245		58.05%										15

		14		11.62301		32.81%										14

		13		4.255997		12.01%										13

		12		0.9489696		2.68%										12

		11		0.1460256		0.41%										11

		10		0.017712		0.05%										10

		64QAM, TM3, Bad Antenna

		UMi														UMa

		SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments								SNR (dB)		Throughput (Mbps)		% of R.35 Theoretical TPUT		Comments

		30														30		26.52116		74.87%

		29														29		23.16887		65.40%

		28														28		26.55383		74.96%

		27														27		20.44122		57.70%

		26														26		20.36919		57.50%

		25		34.51164		97.42%										25		18.89123		53.33%

		24		33.13994		93.55%										24		14.95523		42.22%

		23		34.99183		98.78%										23		14.33727		40.47%

		22		34.61712		97.72%										22		10.05254		28.38%

		21		32.48656		91.71%										21		4.381162		12.37%

		20		32.68769		92.28%										20		2.474957		6.99%

		19		32.48105		91.69%										19		1.018243		2.87%

		18		29.84157		84.24%										18		0.1476		0.42%

		17		27.53075		77.72%										17		0.0043296		0.01%

		16		19.39779		54.76%										16

		15		13.60124		38.40%										15

		14		7.548854		21.31%										14

		13		2.361994		6.67%										13

		12		0.5656032		1.60%										12

		11		0.0543168		0.15%										11

		10		0.0141696		0.04%										10
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