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1. Introduction
An Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices was organized by CTIA MOSG and supported by 3GPP RAN4. The test plan was outlined in [1].

The objective of this contribution is to present the NIST results obtained by EMITE using its E400a mode-stirred reverberation chamber with its natural 3D isotropic NIST channel model as reverberation chamber candidate methodology 1 (RC), to provide the comparison to conducted measurements using the absolute data throughput comparison framework and to provide the channel model validation. 
2. Reference Antennas and Reference Units
The CTIA reference antennas have been used in conjunction with the CTIA test devices specified in [1] with the test pack number 5, which included the reference antenna set MOSG-RA-13-5 (Good, Nominal and Bad) and the reference device MOSG-RD-13-5 (HTC Rezound ADR6425LVW B13 LTE handset). Preliminary results with test pack number 2, presented in [2], were found to be of an unstable device by diverse labs and were therefore discarded for conclusions.

3. Measurement Setup and Procedure
CTIA Test Plan revision 11 was employed in these measurements [1]. Two different test setups have been employed. For the reverberation chamber candidate methodology 1 (RC), an Anritsu MT8820C Base Station Emulator (BSE) was connected to an EMITE E400a mode-stirred reverberation chamber (MSRC) as depicted below. 
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Figure 1. EMITE test setup for radiated measurements using RC candidate methodology 1 (RC).

The test system reproduces the NIST channel model, as described by previous contributions. The E400a MIMO Analyzer mode-stirred reverberation chamber is a multiple-cavity chamber with 9 transmitting antennas, 25 coupling slots, three mode-stirrers and a turn table. The Root Mean Square Delay Spread (RMS DS) for the NIST tests was reduced to 80±5 ns in accordance to [1] using absorbing material. For the RC candidate methodology 1 setup (RC), testing was performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position, turn-table position and source antenna to avoid any Doppler shift. 

Conducted measurements were performed with the DUT inside the mode-stirred reverberation chamber to avoid having any interference, as shown in figure 2 below. 
For the absolute data throughput comparison, the approach described in [3] was employed. The Spirent SR5500M channel emulator was employed to setup the conducted reference channel with the reference antenna properties accounted for (as supplied by the manufacturing lab) using the correlation-based channel model definition. The channel emulator was remotely-controlled by EMITE Graphic User Interface (GUI) software and the filter noise engine was activated for each measurement step in the step-wise stirring sequence, according to the description in [3]. The antenna correlation was implemented using the correlation matrix. The base station antennas were assumed to be uncorrelated. All taps were set to have the same correlation, as expected in a mode-stirred reverberation chamber for a well-stirred stirring sequence. The isotropic correlation values for the reference antennas were used on the receiving side. The antenna efficiency was implemented by post processing of results, using an average value of the two branches. The reference efficiency values were taken from data supplied by the manufacturing lab [4]. 
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Figure 2. EMITE test setup for conducted measurements using RC candidate methodology two (RC+CE).

3.1 Channel models and accuracy mode

For the RC candidate methodology 1 (RC) setup, testing was performed using the NIST channel model with the E400a chamber modified with absorbers to have an RMS DS of 80±5 ns. For the conducted tests, the 7-tap NIST channel model proposed in [3] was used.

Source and mode-stirring were selected so as to ensure validation of the channel model described in detail in Section 6. The Accurate measurement mode in E400a was employed. This implies a total of 8 source antennas, 15 different stirring positions and 25 different coupling slots, leading to a total of 3000 samples per frequency point and stirring sequence, with a total of 240000 subframes per power level. As agreed in the 3GPP meeting in Fukuoka (Japan), May 2013, the linear averaging procedure for throughput using zero-padding was employed.
3.2 Base Station Emulator (BSE) Settings

The Base Station Emulator (BSE) settings used for the measurements were those specified in the test plan [1]. This means transmission mode 3 (Open-Loop spatial multiplexing) with the 64QAM modulation scheme, corresponding to R.35 RMC. An Anritsu MT8820C Base Station Emulator was used for the tests. A maximum theoretical throughput of 35424 kbps was identified by the BSE and achieved in all measurements for high received signal powers. 
4. Results
Both conducted and radiated test results using the B13 CTIA reference device and their associated reference antennas are presented in this section. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements [1]. Some repeatability tests were performed, showing a repeatability of ±0.5 dB.

4.1 Conducted Results
The conducted test results for the hTC device without channel impairments (WCI) are illustrated in figure 3. Two different measurement runs are plotted, showing excellent repeatability.
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Figure 3. Results from conducted measurements of the hTC handset.

4.2 Radiated Results

4.2.1 Reverberation Chamber Candidate Methodology 1 (RC)
The radiated test results for the hTC device with the mode-stirred reverberation chamber candidate methodology 1 (RC) implemented using EMITE E400a MIMO Analyzer are illustrated in figure 4. Figure 4 depicts a comparison between test results for the NIST model and good, nominal and bad CTIA reference antennas. Similarly, a B13 handheld device (DUT-A) was tested with the same channel conditions and BSE settings but using its own internal antennas. Radiated test results for DUT-A are also shown in figure 4 for comparison purposes. In all tests, a 100% maximum throughput was achieved. An excellent repeatability is also observed.
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Figure 4. EMITE test results for hTC handset and DUT-A using the NIST channel model.

4.3 Absolute Data Throughput Comparison
The absolute data throughput results are illustrated in Figure 5. The corresponding radiated results from Figure 4 are also depicted in figure 5 for comparison. It can be seen that the radiated results align with the conducted reference measurements within 1 dB. 
[image: image5.emf]70.0

75.0

80.0

85.0

90.0

95.0

100.0

-110.00 -105.00 -100.00 -95.00 -90.00

EMITE hTC Nominal 64QAM NIST

EMITE hTC Bad 64QAM NIST

EMITE hTC Good 64QAM NIST

EMITE hTC Nominal 64QAM NIST

Cond Abs hTC Bad 64QAM NIST

Cond Abs hTC Nominal 64QAM NIST

Cond Abs hTC Good 64QAM NIST

RS_EPRE (dBm/15kHz)

Throughput (%)


Figure 5. EMITE absolute data throughput test results for hTC handset using the NIST channel model (radiated results also depicted for comparison).

5. Result Analysis

Conducted WCI test results show high slope curves, as also previously reported many times by other labs. While conducted WCI tests are required as a reference value, their very high slopes demonstrate their inability to be used for compliance testing without any OTA information. Radiated test results always reached 100% throughput at high signal powers.
When comparing devices’ performance, it is very interesting to observe that the MIMO OTA device performance ranking from Good to Bad is clearly visible and performance between Good to Bad can be differentiated in an easy way. An approximate ~9dB difference between Good and Bad results is observed, while the difference between Good and Nominal was around ~3dB. A good repeatability of ±0.5 dB was observed.

The comparison between radiated results and absolute data throughput conducted tests show a good alignment within 0.5 dB standard deviation (STD).

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 Power Delay Profile
6.1.1 Method of Measurement

A VNA and a discone antenna placed at the DUT location was employed to measure the Root Mean Square Delay Spread (RMS DS) and Dopplet Spectrum following the procedures set in [5], which are included in TR37.977. 

In a reverberation chamber, when a channel emulator is not used and the Power Delay Profile (PDP) is therefore an exponential decay, such as the NIST channel model, only the inherent RMS Delay Spread of the reverberation chamber needs to be calculated. In the Accurate mode of the E400a MIMO Anayzer, 120 channel impulse response measurements using a VNA were performed for obtaining the set-up RMS Delay Spread (DS), using the procedure described in TR37.977.

The calculation of RMS delay spread was performed on the time domain data as the square root of the second central moment of the PDP, that is,
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6.1.2 Results
The measured PDP is depicted in figure 6 for the NIST channel model implementation in the E400a mode-stirred reverberation chamber. The typical exponential decay can be observed. From the PDP, the RMS DS was obtained, yielding an RMS DS of 82.2 ns, which is in line with the isotropic channel model based on NIST.
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Figure 6. Measured PDP and RMS DS for the implemented NIST channel model in E400a mode-stirred reverberation chamber.

6.2 Doppler/Temporal Correlation

6.2.1 Method of Measurement

The Doppler Spectrum was measured using the VNA method described in [5] for a continuous sequence identical to the employed step-wise stirring sequence.

6.2.2 Results
Figure 7 shows the measured Doppler spectrum for the employed setup of the E400a mode-stirred reverberation chamber for implementing the NIST channel model. A very small Doppler spread is observed, which is in line with the isotropic channel model based on NIST.
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Figure 7. Measured Doppler spectrum for the implemented NIST channel model in E400a mode-stirred reverberation chamber.

6.3 Base Station Antenna Correlation
6.3.1 Method of Measurement

The VNA method described in [5] was employed to measure the base station antenna correlation.

6.3.2 Results

Figure 8 shows the measured base station antenna envelope correlation. Results show a very low correlation as expected.

[image: image9.emf]
Figure 8. Base Station antenna correlation for the implemented NIST channel model in E400a mode-stirred reverberation chamber in Accurate mode.
6.4 Rayleigh Fading
6.4.1 Method of Measurement

The VNA method described in [5] was employed to measure the Rayleigh fading performance of the employed setup for the E400a when implementing the NIST channel model.

6.4.2 Results
Figure 9 shows a comparison between the theoretical Rayleigh fading and measured Rayleigh fading in the E400a mode-stirred reverberation chamber setup to implement the NIST channel model in the Accurate mode. An excellent alignment is observed.
· Max diff to theoretical +10 to -20 dB: < 1.0 dB 
· Max diff to theoretical -20 to -30 dB: < 1.0 dB 

[image: image10.png]09

08

07

06

05

04

03

02

01

Ermpirical COF

Normalized measured data CDF
Rayleigh(o = 1) CDF

05

15

25

35

4 15





Figure 9. Measured Cumulative Density Function (CDF) for the implemented NIST channel model in E400a mode-stirred reverberation chamber in Accurate mode.

6.5 Isotropy

6.5.1 Method of Measurement

The VNA method in [5] was employed to evaluate the E400a mode-stirred reverberation chamber isotropy in Accurate mode by measuring all three axis components.
6.5.2 Results
Figure 10 depicts the CDF of the anisotropy coefficients calculated from processing all three orientations. Good alignment can be observed to the reference anisotropy coefficients in 3GPP TR37.977.
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Figure 10. Measured anisotropy coefficients CDF for the implemented NIST channel model in E400a mode-stirred reverberation chamber in Accurate mode.

7. Conclusions

Results obtained with the Reverberation Chamber candidate methodology 1 (RC) using its inherent NIST channel model clearly show the method’s ability to distinguish Good from Bad MIMO devices and rank devices as required by some operators with good repeatability. The differences between Good, Nominal and Bad antennas on devices are clearly distinguished and in line with the correlation differences between these antennas. It has also been shown that a good alignment is found between radiated results and absolute data throughput conducted results and the channel model was also validated successfully.
When accounting for all pros and cons, the suggestion of EMITE is to use the simplest and most time- and complexity-effective method for MIMO OTA compliance testing, which is the Reverberation Chamber candidate methodology 1 (RC) as it has demonstrated its ability to provide a good, repeatable and accurate response to the question in hands in order to differentiate Good from Bad MIMO devices and providing repeatable results.
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