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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]. A comparison and study of results from three different test vendors and four different mode-stirred reverberation chambers is presented.
The objective of this contribution is to compare, for the reverberation chamber–based candidate methodologies 1 (RC) and 2 (RC+CE), the measured conducted results obtained with the absolute data throughput framework and radiated results between labs in order to evaluate IL/IT consistency and to provide a discussion about an initial uncertainty value for chamber variation.
2. Radiated test results
2.1 Standalone Reverberation Chamber

Figure 1 below depicts the radiated test results for the reverberation chamber candidate methodology 1 (RC), implementing the NIST channel model. Three different chambers from two different test vendors are illustrated. Test results for standalone E400a mode-stirred reverberation chamber from EMITE implementing the NIST channel model can be found in [2]. Similarly, test results for standalone large and small reverberation chambers from Bluetest implementing the NIST channel model can be found in [3]. 
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Figure 1.IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) radiated results implementing the NIST channel model.

Results show a good agreement between the different chambers. Both a standard deviation (STD) analysis and a maximum linear deviation analysis between all three chamber results were performed. A summary of the STD and linear deviation results for 70% throughput values can be found in Table 1. All results align well within 0.15 dB STD for the NIST channel model using reverberation chamber candidate methodology 1 (RC).

Table 1. Linear and STD deviation study for Reverberation Chamber candidate methodology 1 (RC) radiated results implementing the NIST channel model.
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2.2 Reverberation Chamber with Channel Emulator

Figure 2 below depicts the radiated test results for the reverberation chamber candidate methodology 2 (RC+CE), that is, the reverberation chamber with a channel emulator, implementing the short delay channel model. Two different chambers from two different test vendors are illustrated. Test results for a large reverberation chamber with channel emulator from Bluetest implementing the short and long delay spread channel models can be found in [3]. Similarly, test results for a reverberation chamber with channel emulator from Azimuth implementing the short and long delay spread channel model can be found in [4].

Results show a good agreement between the different chambers. Both a standard deviation (STD) analysis and a linear deviation analysis between the two chamber results were performed. A summary of the STD and linear deviation results for 70% throughput values can be found in Table 2. All results align well within 1.48 dB STD for the short delay spread channel model using reverberation chamber candidate methodology 2 (RC+CE).
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Figure 2.IL/IT results consistency for Reverberation Chamber candidate methodology 2 (RC+CE) radiated results implementing the short delay spread channel model.

Table 2. Linear and STD deviation study for Reverberation Chamber candidate methodology 2 (RC+CE) radiated results implementing the short delay spread channel model.

[image: image4.emf]RC+CE - Short delay spread (STD) rad Good SD STD (dB) Nom SD STD (dB) Bad SD STD (dB)

Comparison at 70% TPUT 1.22 1.48 0.74

RC+CE - Short delay spread (Lin dev) rad Good SD Lin (dB) Nom SD Lin (dB) Bad SD Lin (dB)

Comparison at 70% TPUT 2.25 2.09 1.29


Figure 3 below depicts the radiated test results for the reverberation chamber candidate methodology 2 (RC+CE), that is, the reverberation chamber with a channel emulator, implementing the long delay channel model. Two different chambers from two different test vendors are illustrated. Test results for a large reverberation chamber with channel emulator from Bluetest can be found in [3]. Similarly, test results for a reverberation chamber with channel emulator from Azimuth can be found in [4].

Results show a good agreement between the different chambers. Both a standard deviation (STD) analysis and a linear deviation analysis between the two chamber results were performed. A summary of the STD and linear deviation results for 70% throughput values can be found in Table 3. All results align well within 1.21 dB STD for the long delay spread channel model using reverberation chamber candidate methodology 2 (RC+CE).
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Figure 3.IL/IT results consistency for Reverberation Chamber candidate methodology 2 (RC+CE) radiated results implementing the long delay spread channel model.

Table 3. Linear and STD deviation study for Reverberation Chamber candidate methodology 2 (RC+CE) radiated results implementing the long delay spread channel model.

[image: image6.emf]RC+CE - Long delay spread (STD) rad Good LD STD (dB) Nom LD STD (dB) Bad LD STD (dB)

Comparison at 70% TPUT 0.53 1.09 1.21

RC+CE - Long delay spread (Lin dev) rad Good LD Lin (dB) Nom LD Lin (dB) Bad LD Lin (dB)

Comparison at 70% TPUT 0.74 1.54 1.71


3. Conducted test results

3.1 Data throughput without channel impairments

Conducted test results without channel impairments (WCI) from two different chambers are illustrated in figure 4. Results show an excellent agreement within a 0.2 dB linear deviation. Repeatability is also observed to be very good for both chambers, within 0.2 dB STD for conducted WCI tests.
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Figure 4. IL/IT results consistency for Reverberation Chamber candidate methodology1 (RC) conducted results without channel impairments.

3.2 Absolute data throughput comparison

Figure 5 below depicts the conducted test results for absolute data throughput for two different standalone reverberation chambers from two different vendors implementing the NIST channel model. Results from EMITE can be found in [2]. Results from Bluetest can be found in [3]. 
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Figure 5. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) conducted absolute data throughput measurements implementing the NIST channel model.

Table 4 illustrates both the STD and linear deviation between conducted absolute data throughput measurements for the reverberation chamber candidate methodology 1 (RC) implementing the NIST channel model. Results at 70% throughput align well within 0.58 dB STD.
Table 4. Linear and STD deviation study for Reverberation Chamber candidate methodology 1 (RC) conducted absolute data throughput measurements implementing the NIST channel model.

[image: image9.emf]Standalone RC (STD) abs data tput Good NIST STD (dB) Nom NIST STD (dB) Bad NIST STD (dB)

Comparison at 70% TPUT 0.29 0.40 0.58

Standalone RC (Lin dev) abs data tput Good NIST Lin dev (dB) Nom NIST Lin dev (dB) Bad NIST Lin dev (dB)

Comparison at 70% TPUT 0.41 0.56 0.82


Similarly, figures 5 and 6 below depict the conducted test results for absolute data throughput for two different standalone reverberation chambers from two different vendors implementing the isotropic Short Delay channel model based on SCME UMI channel model and the isotropic Long Delay channel model based on SCME UMA channel model, respectively. Results from Bluetest can be found in [3]. Results from Azimuth can be found in [4].

Tables 5 and 6 illustrate both the STD and linear deviation between conducted absolute data throughput measurements for the reverberation chamber candidate methodology 2 (RC+CE) implementing the Short Delay and Long Delay channel models, respectively. For both the Short and Long Delay channel models, results at 70% throughput align well within 0.71 dB STD.
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Figure 6. IL/IT results consistency for Reverberation Chamber candidate methodology 2 (RC+CE) conducted absolute data throughput measurements implementing the Short Delay channel model.

Table 5. Linear and STD deviation study for Reverberation Chamber candidate methodology 2 (RC+CE) conducted absolute data throughput measurements implementing the Short Delay channel model.
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Figure 7. IL/IT results consistency for Reverberation Chamber candidate methodology 2 (RC+CE) conducted absolute data throughput measurements implementing the Long Delay channel model.

Table 6. Linear and STD deviation study for Reverberation Chamber candidate methodology 2 (RC+CE) conducted absolute data throughput measurements implementing the Long Delay channel model.

[image: image13.emf]RC+CE - Long Delay (STD) cond abs data tput Good LD STD (dB) Nom LD STD (dB) Bad LD STD (dB)

Comparison at 70% TPUT 0.71 0.40 0.36

RC+CE - Long Delay (Lin dev) abs data tput Good LD Lin (dB) Nom LD Lin (dB) Bad LD Lin (dB)

Comparison at 70% TPUT 1.00 0.56 0.51


4. Discussion

In order to study the deviations between different test lab results, a standard deviation analysis for each channel model was performed using all available measurements. This is illustrated in figures 7 to 10 for the NIST channel model, figures 11 to 14 for the Short Delay channel model and figures 15 to 18 for the Long Delay channel model implementations.

Results show that the largest standard deviation within any two different measurement for the Reverberation Chamber candidate methodology, implementing the NIST channel model, including a comparison between any absolute conducted throughput measurement and any radiated measurement, fall within 0.7 dB STD. 
Results show that the largest standard deviation within any two different measurement for the Reverberation Chamber candidate methodology 2 (RC+CE) implementing the Short Delay channel model, including a comparison between any absolute conducted throughput measurement and any radiated measurement, fall within 1.9 dB STD. 

Results show that the largest standard deviation within any two different measurement for the Reverberation Chamber candidate methodology 2 (RC+CE) implementing the Long Delay channel model, including a comparison between any absolute conducted throughput measurement and any radiated measurement, fall within 1.6 dB STD. 
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Figure 7. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the NIST channel model (all reference antennas).

[image: image15.emf]70.0

75.0

80.0

85.0

90.0

95.0

100.0

-108.00 -107.00 -106.00 -105.00 -104.00 -103.00 -102.00 -101.00 -100.00

EMITE hTC Good cond NIST abs data tput

EMITE hTC Good NIST

BT hTC Good cond NIST abs data tput

BT hTC Good NIST LC

BT hTC Good NIST SC

Throughput (%)

RS_EPRE (dBm/15kHz)


Figure 8. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the NIST channel model with the Good reference antennas.
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Figure 9. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the NIST channel model with the Nominal reference antennas.

[image: image17.emf]70.0

75.0

80.0

85.0

90.0

95.0

100.0

-100.00 -98.00 -96.00 -94.00 -92.00 -90.00 -88.00

EMITE hTC Bad cond NIST abs data tput

EMITE hTC Bad NIST

BT hTC Bad cond NIST abs data tput

BT hTC Bad NIST LC

BT hTC Bad NIST SC

Throughput (%)

RS_EPRE (dBm/15kHz)


Figure 10. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the NIST channel model with the Bad reference antennas.
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Figure 11. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Short Delay channel model (all antennas).
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Figure 12. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Short Delay channel model with the Good reference antennas.
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Figure 13. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Short Delay channel model with the Nominal reference antennas.
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Figure 14. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Short Delay channel model with the Bad reference antennas.
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Figure 15. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Long Delay channel model (all antennas)
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Figure 16. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Long Delay channel model with the Good reference antennas
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Figure 17. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Long Delay channel model with the Nominal reference antennas
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Figure 18. IL/IT results consistency for Reverberation Chamber candidate methodology 1 (RC) measurements implementing the Long Delay channel model with the Bad reference antennas.
5. Conclusions

Results obtained with the Reverberation Chamber candidate methodologies clearly show their ability to distinguish Good from Bad MIMO devices with good agreement between different labs and across different chambers.

Test results from three different test labs and four different reverberation chambers have been compared, and a detailed discussion over the results has been performed.
Maximum uncertainty values for inter chamber comparison of NIST, Short Delay and Long Delay channel models of 0.7 dB STD, 1.9 dB STD and 1.6 dB STD have been found, respectively. This is within the CTIA TIS uncertainty limit, which according to [5] is the baseline for IL/IT consistency analysis. It can thus be concluded that IL/IT consistency has been achieved using both the reverberation chamber methodology 1 (RC) and the reverberation chamber methodology 2 (RC+CE).
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