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1. Introduction
As part of the CTIA MOSG inter-lab/inter-technique (IL/IT) OTA performance comparison testing for MIMO devices, a second round of testing has been carried out within the MOSG group, where reference antennas with known performance have been sent around to labs utilizing different methodologies for assessment of radiated performance of MIMO devices [1]. This testing activity will soon be finalized and the participating labs are expected to submit lab reports from the testing.
This contribution will present results from measurements in the Bluetest lab, utilizing reverberation chambers that are configured to emulate the isotropic channel model based on NIST. Results for a band 13 CTIA reference device paired with the corresponding set of reference antennas (Good, Nominal and Bad) are provided. Also, results from initial channel model verification measurements are provided.

In addition, this contribution will provide a study of the intra- and inter chamber repeatability. Consecutive measurements in the same chamber, as well as measurements in different chambers with different sizes and configurations, are provided. Finally, a comparison to conducted reference measurements is performed, utilizing a procedure that has been suggested to be used for the absolute data throughput comparison framework. 
2. Reference Antennas and Reference Units
The reference units provided by CTIA for the measurements presented in this contribution contained an HTC handset utilizing band 13 and the corresponding set of reference antennas (Good, Nominal and Bad). The details about these reference units can be found in Table I and a picture of one of the reference antennas placed in the reverberation chamber can be studied in Figure 1.
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Figure 1   Picture of the measurement setup utilized for the CTIA MOSG IL/IT testing.

Table I   Identification data for the reference unit.
	Reference Unit
	HTC

	
	
	

	Reference Unit Specifications
	
	

	
	Band
	13

	
	Vendor
	HTC

	
	Model no.
	ADR6425LVW

	
	CTIA ID no.
	MOSG-RD-13-03

	
	IMEI#
	990000327075521

	
	SN
	HT18KS200207

	
	Comment
	No fixed antenna cables, external antenna cables provided

	Good Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	

	Bad Antenna
	
	

	
	SN
	018

	
	Rev.
	B

	
	Comment
	


3. Measurement Setup and Procedure
CTIA MOSG has provided a test plan for the Inter-Lab/Inter-Technique MIMO OTA Performance Comparison Testing. For the measurements presented in this contribution, revision 11 of the test plan was used [1], thus employing the approach and settings specified in that revision.

This section summarizes the setup used and describes implementation specific details. A summary of identification data for the equipment utilized can be found in Table II and Table III.
3.1 Radiated Measurement Setup

The radiated measurements presented in this contribution have been performed with reverberation chambers configured to emulate the isotropic channel model based on NIST described in [2], e.g. by tuning the RMS delay spread to 80 ns. The schematics of the utilized setup can be studied in Figure 2. Two different reverberation chambers have been used for the tests. Chamber 1 is the standard-sized chamber (2.0 x 1.4 x 2.0 m) used for the majority of the measurements and Chamber 2 has significantly larger dimensions (3.3 x 4.2 x 2.6 m) and another stirring configuration compared to Chamber 1. The Rohde&Schwarz CMW500 base station simulator was used for all tests. Details about the chambers and the eNodeB can be found in Table II.
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Figure 2   Schematic figure of the measurement setup for the reverberation chamber for radiated measurements.

Table II   Equipment utilized during the MOSG reference antenna testing activity.
	Methodology
	Reverberation Chamber

	
	
	

	Reverberation Chamber 1 Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	Size (w x d x h)
	2.0 x 1.4 x 2.0 m

	Reverberation Chamber 2 Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS90

	
	Size (w x d x h)
	3.3 x 4.2 x 2.6 m

	eNodeB Specifications
	
	

	
	Vendor
	R&S

	
	Model no.
	CMW500


3.2 Conducted Reference Measurement Setup

For the absolute data throughput comparison the same approach as described in [3] is used. A channel emulator is utilized to setup the conducted reference channel for the isotropic channel model based on NIST with the reference antenna properties incorporated, using the correlation based channel model definition. The details of the channel emulator can be found in Table III.

Table III   Channel emulator utilized for the conducted reference measurements.
	Channel Emulator Specifications
	
	

	
	
	

	
	Vendor
	Spirent

	
	Model no.
	VR5-4C08D


The conducted reference measurement setup can be studied in Figure 3. For the conducted reference measurements, an eNodeB (R&S CMW500, Table II) was connected to the channel emulator. The channel emulator was programmed with the correlation based channel (filter noise engine) according to the description in [3] and the additional information below. Two output ports of the channel emulator were directly connected to the receiver ports of the DUT, which was placed in a shielded box in order to shield it from external interference.
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Figure 3   Setup for conducted reference measurements. The isotropic correlation of the reference antennas is programmed into the channel emulator.
The power delay profile of the 3D isotropic channel model based on NIST is exponentially decaying with an RMS delay spread of 80 ns. As described in [4], since the channel emulators implement discrete taps, the 7-tap model proposed in [5] was used to approximate this PDP. This 7-tap model is shown in Figure 4 and Table IV.
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Figure 4   The 7-tap model used for approximating the exponential decaying PDP for the 3D isotropic channel model based on NIST.
	Table IV: The 7-tap model used for approximating the exponential decaying PDP for the 3D isotropic channel model based on NIST.

Excess tap delay [ns]

Relative power 

[dB]

0

0.0

40

-1.7

120

-5.2

180

-7.8

210

-9.1

260

-11.3

350

-15.2




The antenna correlation was implemented using the correlation matrix. In accordance to the channel model description in [4], the base station antennas were assumed to be uncorrelated. The isotropic correlation values for the reference antennas were used on the receiving side. These values were taken from reference data provided by the manufacturing lab [6].
The resulting correlation matrix for the channel is given in Figure 5. Since uncorrelated base station antennas are used, the correlation entered into the correlation matrix will reduce to the isotropic correlation of the reference antennas. All taps were set to have the same correlation, as expected in the RC when averaging over a sufficient amount of time.
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	Figure 5   Signal paths (left) and correlation matrix (right) where X is the isotropic correlation of the reference antennas.



The antenna efficiency was implemented by post processing, using an average value of the two branches. This effectively means that it is assumed that the branch imbalance have negligible effects for the measured antennas. In a final model the efficiency of each antenna should be accounted for in the channel emulator to include the branch imbalance. The reference efficiency values were taken from data from the manufacturing lab [6].
3.3 eNodeB Settings

The eNodeB settings used for the measurements of the reference antennas align with the settings specified in the test plan [1]. Thus, OLSM 64-QAM (R.35 FDD) was used with a theoretical maximum throughput of 35.424 Mbps. In order to reduce uncertainties associated with the parameter setting, configuration files provided by R&S were recalled before starting a measurement. Moreover, 96 000 subframes were transmitted for each power level.

4. Results
This section presents the radiated results, as well as results from the conducted reference measurements, using the Good, Nominal and Bad reference antennas paired with the band 13 reference UE. All measurements presented in this contribution are based on a UE noise limited scenario.

As a reference, Figure 6 shows results from two consecutive measurements of the conducted MIMO performance without channel impairments (staitc propagation channel matrix enabled according to the description in [1]) for the band 13 reference device. A repeatable response is observed for the device.
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Figure 6   Results from two consecutive measurements of the conducted MIMO performance without channel impairments for the band 13 reference device.
4.1 Radiated Results
Figure 7 shows the results from radiated measurements in the isotropic environment based on NIST, emulated by a reverberation chamber (Chamber 1 in Table II). It is observed that a clear and expected ranking is achieved between the three antennas, with the Good antenna being approximately 8 - 9 dB better than the Bad antenna and approximately 3 – 4 dB better than the Nominal antenna. For all cases, maximum throughput was achieved.
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Figure 7   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the band 13 CTIA reference device. These results are obtained from measurements in the reverberation chamber, configured to emulate the isotropic channel model based on NIST.

4.2 Absolute Data Throughput Comparison
The absolute data throughput results achieved by utilizing the setup and procedure described in section 3.2 is given in Figure 8. The radiated results from Figure 7 are plotted in the same figure for comparison. As can be observed in the figure, the radiated results align with the conducted reference measurements within 0.5 - 1 dB. The biggest difference can be observed for the Bad antenna.
One reason for the deviations between the radiated results and the results from the conducted reference measurements can be that the reference values used for the reference antennas were measured for other physical units than the once used during the measurements in this study. Since a spread in the reference values (correlation and efficiency) is observed in [6], deviation in the throughput results is also expected. When using the correlation values for the same set of antennas in the conducted measurements as used during the radiated measurements, a better alignment is observed [3].
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Figure 8   Absolute data throughput comparison of results from radiated measurements (from Figure 7) and results from the conducted reference measurement described in section 3.2. Reference values from [6] for the reference antenna properties were used for the conducted reference measurements.
4.3 Intra- and Inter-Chamber Repeatability

This section provides a repeatability study of absolute throughput measurements in the reverberation chamber, utilizing reverberation chambers of different sizes and different configurations. The details of the chambers used can be found in Table II.

Figure 9 shows results from throughput measurements repeated in the same chamber (Chamber 1), emulating the isotropic channel model based on NIST. It is seen that the results align within +/-0.5 dB.
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Figure 9   Comparison of results from repeated absolute data throughput measurements in the reverberation chamber, emulating the isotropic channel model based on NIST.

Figure 10 shows results from throughput measurements repeated in different chambers, Chamber 1 (standard RC) and Chamber 2 (Large RC) in Table II. Chamber 2 has significantly larger dimensions and another stirring configuration compared to Chamber 1. Both chambers are configured to emulate the isotropic channel model based on NIST. It is seen that the results align within +/-0.5 dB.
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Figure 10   Comparison of results from repeated absolute data throughput measurements in different reverberation chamber with different sizes and stirring configurations. The chambers are both configured to emulate the isotropic channel model based on NIST.

5. Result Analysis

Based on the results presented in the former section, a number of important observations can be highlighted.

· Ability to rank antennas. It is possible to rank the CTIA reference antennas in the expected way using the reverberation chamber configured to emulate the isotropic channel model based on NIST. The difference between the Good and Bad antennas is 8 -9 dB, which aligns with former conclusions [9].

· Alignment to conducted reference. The radiated results from measurements in the reverberation chamber align with results from the conducted reference measurements within +/-0.5 dB for all antennas. This is in line with former conclusions [3].

· Good repeatability. The repeatability of the measurements in the reverberation chamber is within +/-0.5 dB. This is in line with former conclusions, e.g. in [7], [8] and [9]. This is valid for measurements in the same chamber, as well as between chambers with significantly different sizes and stirring configurations.

6. Verification of Channel Model Implementations

This section presents results from channel model validation measurements for the isotropic channel model based on NIST. The setups and procedures in Appendix A of the test plan [1] have been used.
6.1 PDP

6.1.1 Method of Measurement

A VNA and a test antenna placed at the DUT location was utilized to measure the frequency data used for the PDP calculation for Chamber 1 and Chamber 2. The VNA was directly connected to the reverberation chambers, which were configured to emulate the isotropic channel model based on NIST.
The reverberation chamber mode stirring were running continuously while frequency sweeps were performed with the VNA. A total of 1000 frequency sweeps were recorded with 50 ms interval and the frequency step size was 1 MHz.
6.1.2 Result Analysis
The resulting PDPs in Figure 11 and Figure 12 were obtained by taken the Fourier transform of the frequency data collected when implementing the isotropic channel model based on NIST in Chamber 1 and Chamber 2, respectively. It can be observed that the PDPs for linear power values of the reverberation chambers are exponential decaying. The data yields an RMS delay spread of 80 ns (+/- 5 ns) for both chambers, which is in line with the isotropic channel model based on NIST.
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Figure 11   Measured PDP for the reverberation chamber (Chamber 1) setup, emulating the isotropic channel model based on NIST.
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Figure 12   Measured PDP for the reverberation chamber (Chamber 2) setup, emulating the isotropic channel model based on NIST.
6.2 Doppler/Temporal Correlation

6.2.1 Method of Measurement

A sine wave (CW, carrier wave) signal was transmitted from the signal generator to the chamber measurement antennas. The measurement antennas radiated the signal over the air to the test antenna and the Doppler spectrum was measured by a spectrum analyzer.

Spectrum analyzer settings:


	Item
	Unit
	Value

	Center frequency
	MHz
	751 MHz

	Span
	Hz
	2000

	RBW
	Hz
	1

	VBW
	Hz
	1

	Number of points
	
	401

	Averaging
	
	100


6.2.2 Result Analysis
Figure 13 shows the resulting Doppler spectrum when using the reverberation chamber, configured to emulate the isotropic channel model based on NIST. Only a few hertz of Doppler spread is observed, which is in line with what is expected for the isotropic channel model based on NIST.
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Figure 13   Doppler spectrum from measurements with the isotropic channel model based on NIST.
6.3 Rayleigh Fading
6.3.1 Method of Measurement

A sine wave (CW, carrier wave) signal was transmitted from a VNA to the measurement antennas of the reverberation chamber. The measurement antennas radiated the signal over the air to the test antenna and the VNA sampled the received field.
6.3.2 Result Analysis
Figure 14 shows a comparison between the theoretical Rayleigh fading and measured Rayleigh fading in the reverberation chamber configured to emulate the isotropic channel model based on NIST. A good alignment is observed.
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Figure 14   Comparison between the theoretical Rayleigh fading and measured Rayleigh fading in the reverberation chamber configured to emulate the isotropic channel model based on NIST.
7. Conclusions

This contribution presents initial results from Bluetest activity in the CTIA MOSG inter-lab/inter-technique (IL/IT) OTA performance comparison testing for MIMO devices. Results from measurements in two different reverberation chambers configured to emulate the isotropic channel model based on NIST have been presented. A band 13 CTIA reference device has been used for all measurements together with the corresponding set of reference antennas (Good, Nominal and Bad). It is observed that the expected ranking is obtained and the differences between the antennas are similar to what has been observed during former activities.

In addition, the results from the two different chambers with significantly different sizes and stirring configurations aligned within +/-0.5 dB. The same repeatability was observed within the chambers.
Furthermore, an absolute data throughput comparison was performed, where the radiated results were compared to results from conducted reference measurements. The conducted reference channel, emulated with a channel emulator, combined the channel properties of the isotropic channel model based on NIST and the properties of the reference antennas (given by the manufacturing lab). The results from the radiated and the conducted reference measurements aligned within +/- 0.5 dB.

Finally, initial results for the channel model verification procedure for the isotropic channel model based on NIST have been provided. All the results aligned with the expected channel model properties. Further results from the channel model verification, as well as results for the isotropic channel models based on UMi and UMa and an uncertainty analysis, will be provided in future contributions.
All in all, it can be concluded that the methodology utilizing the reverberation chamber configured to emulate the isotropic channel model based on NIST is able to rank the CTIA reference units in the expected way. The high repeatability observed for the reverberation chamber methodology, as well as the time effective measurement procedure and the fact that a less complex setup is utilized, further supports the feasibility of this methodology to be included in the future standard for assessment of radiated performance of MIMO devices.
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