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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 results obtained by EMITE using its E400 mode-stirred reverberation chamber with the NIST, UMI, UMA, iUMI and iUMA channel models and to draw some conclusions for MIMO OTA compliance testing standardization. 

2. Test setups
2.1 Reference antennas and devices

The CTIA reference antennas have been used in conjunction with the CTIA test devices specified in [1]. EMITE received the test pack number 2, which included the reference antenna sets MOSG-RA-07-2 (Good and Nominal) and MOSG-RA-13-2 (Good, Nominal and Bad) and the reference devices MOSG-RD-07-5 (Samsung Galaxy II GT-i9210 B7 LTE handset) and MOSG-RD-13-2 (hTC Rezound ADR6425LVW B13 LTE handset).

2.2 Measurements setup

CTIA Test Plan revision 2 was employed in these measurements [1]. Two different test setups have been employed. For the reverberation chamber candidate methodology one (RC), a R&S CMW500 Base Station Emulator (BSE) was connected to an EMITE E400 mode-stirred reverberation chamber (MSRC) as depicted below. The test system reproduces the NIST channel model, as described by previous contributions. The E400 MIMO Analyzer mode-stirred reverberation chamber is a multiple-cavity chamber with 9 transmitting antennas, 25 coupling slots and two mode-stirrers. The innate RMS DS of the E400 is around 290ns. 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 to avoid any Doppler shift. 
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Figure 1. EMITE test setup for radiated measurements using RC candidate methodology 1 (RC).

For the reverberation chamber candidate methodology 2 (RC+CE), a R&S CMW500 BSE was connected to a Spirent SR5500M channel emulator, which in turn was cascaded to an EMITE E400 mode-stirred reverberation chamber as depicted below. A pair of amplifiers (one per downlink channel) were inserted right at the input RF connectors of the E400 mode-stirred reverberation chamber, as also illustrated below. The test system can reproduce, among other possibilities, the isotropic UMI and UMA channel model, as described by previous contributions. 
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Figure 2. EMITE test setup for radiated measurements using RC candidate methodology 2 (RC+CE).

For the RC candidate methodology 2 setup (RC+CE), testing was performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position to avoid any Doppler shift. 

Conducted measurements were performed with the DUT inside the mode-stirred reverberation chamber.
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Figure 3. EMITE test setup for conducted measurements using RC candidate methodology two (RC+CE).

2.3 Channel models

For the RC candidate methodology 1 (RC) setup, testing was performed using the NIST channel model with the E400 chamber inherent RMS DS of 290ns.

For the Reverberation Chamber candidate methodology 2 (RC+CE), isotropic SCME UMI and UMA as well as inverse UMI and UMA channel models (iUMI, iUMA), presented to CTIA/3GPP in [2-3], have been employed. For these channel models, the SR5500M channel emulator was set to dual channel (no cross coupling). Since the power delay profile (PDP) of the E400 MSRC is convolved to the PDP of the injected channel model, an inverse setting of UMI and UMA channel models was prepared for the tests using deconvolution techniques so that the convolution of iUMI and iUMA PDPs and E400 RC PDP provides for pure isotropic SCME UMI and UMA. A slightly modified version of iUMI and iUMA channel models with respect to those introduced in [2-3] was employed.

Instead of using a single injection for all transmitting antennas and stirrer’s positions, for each specific transmitting antenna and stirrers’ positions combination, a different signal was set to specifically compensate for the chamber inherent PDP. This is like using h(-t)* with h(t) being the channel for that specific transmitting antenna and stirrers’ positions combination. At reception, a sinc function would be obtained as the results of the correlation of the transmitted signal from the BSE with the channel. In this way, all multipath wave fronts interfere in phase. In this sense, a large RC with a large inherent RMS DS is better for that task in hands as the secondary lobes of the sinc at each tap will provide a less strong intersymbol interference. In other words, we are eliminating the impulse channel response and transform it into a delta function. Yet, this is limited by the use of discrete taps at the CE for the set channel model, and therefore in order to have the obtained convolved emulated channel model the same as isotropic SCME, an scaling in power also has to be performed. The final obtained isotropic UMI and UMA at the RC+CE combination using an EMITE E400 RC and a Spirent SR5500M CE are depicted in figures 4 and 5. Inverse UMI (iUMI) and inverse UMA (iUMA) discrete-tap channel models, set at the CE, and final obtained PDPs are also plotted in figures 4 and 5. The final error is less than 0.1 dB.
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Figure 4. Theoretical iUMI (left), set iUMI with SR5500M (middle) and RC+CE obtained isotropic UMI (right)

[image: image5.emf]
Figure 4. Theoretical iUMA (left), set iUMA with SR5500M (middle) and RC+CE obtained isotropic UMA (right)

2.4 AWGN

In the CTIA MOSG LTE MIMO OTA test plan [1], results have to be reported using Throughput vs SNR. This implies a control of noise power at the DUT ports, and adding AWGN has been suggested as a way to provide such control. To date, test CTIA test plan specifies that SNR calculation for radiated tests is FFS and that it may be necessary to define radiated SNR according to the specific aspects of each technique. At EMITE test times no standardized or agreed method was available for adding AWGN to MIMO OTA measurements using a reverberation chamber (RC). A preliminary idea of adding AWGN at the channel emulator (CE) for RC measurements has been reported [4], but results show a loss of repeatability and some other unexplained effects which add a large degree of uncertainty to the results.

EMITE believes this is due to the fact that for the same RS_EPRE value set at the BSE during a stirring sequence, different SNR values arrive at the DUT from different transmitting antennas, stirrers’ and turn table positions, and therefore averaging may be performed incorrectly. In other words, for the mode-stirred reverberation chamber method, adding a constant AWGN value at the CE per RS_EPRE value set at the BSE may not provide a constant AWGN value at the DUT during the whole stirring sequence.

In consequence, EMITE suggestion to account for SNR on LTE MIMO OTA tests using a mode-stirred reverberation chamber would be to add AWGN at the BSE. Adding AWGN at the BSE in current BSEs’ firmwares implies that AWGN is hocked to RS_EPRE values, and therefore any change in RS_EPRE (as those requested by CTIA test plan) will automatically modify the AWGN values set at the BSE. In consequence, EMITE recommends adding AWGN at the BSE but with some specific control of the AWGN power value at each combination of transmitting antenna, stirrers positions and turn table position (if any) so that a constant noise power level is observed at the DUT for a whole stirring sequence. 

Alternatively, the method of using the DUT self-reported RSRP (Reference Signal Received Power) and RSRQ (Reference Signal Received Quality) proposed by Agilent in [5] can also be used. The description of RSRP / RSRQ and RSSI is given in the TS 36.214 and the use of them – i.e. measurement settings and reportings – in the RRC spec TS 36.331. Some test results using this method are reported in this contribution. Using this approach, the starting SNR levels are not perfectly aligned with the test plan for each modulation scheme and transmission mode, but clearly provide an answer to the question in hands as long as the starting SNR provides 100% throughput before start decreasing BSE output power. A discussion on a proper way of using AWGN for MSRC measurements would be good.

It has to be said that RSRQ is a kind of measure that relate to SINR (since it also describes signal quality), but SINR is not defined in the 3GPP standard. Additionally both RSRQ and SINR can be calculated by using various algorithms, which are vendor dependent and it is up to the algorithm itself to be more or less precise. The calibration suggested by Agilent has reported a measurement error within 0.1 dB [5]. In the situation in which we have a completely unloaded network, i.e. with just a single UE online and for a coverage-limited environment as with the test network, the SINR can be approximated as SNR [6].
3. Results
Both conducted and radiated test results using the CTIA reference devices and their associated reference antennas are presented in this section. Tests have been performed in all modulation schemes (16QAM, 64QAM) and transmission modes (TM2, TM3) set in the test plan. Yet, due to issues found with the RF connectors of the DUTs from previous labs which require a spare unit to be sent from CTIA and the lack of BSE-provided settings files for easy attachment at our time slot time, not all scheduled tests could be performed. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements [1].

3.1 Conducted results

The conducted test results for the hTC device without channel impairments and with both isotropic UMI and UMA channel models are illustrated in figure 4.
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Figure 4. Results from conducted measurements of the HTC handset.

The conducted test results for the Samsung device without channel impairments are illustrated in figure 5.
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Figure 5. Results from conducted measurements of the HTC handset.

3.2 Radiated results

3.2.1 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 E400 MIMO Analyzer MSRC are illustrated in figure 6. Figure 6 depicts a comparison between test results for the NIST model and good, nominal and bad CTIA reference antennas. 
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Figure 6. EMITE test results for hTC handset and NIST channel model.

The radiated test results for the Samsung device with the mode-stirred reverberation chamber candidate methodology 1 (RC) implemented using EMITE E400 MIMO Analyzer MSRC are illustrated in figure 7. Figure 7 depicts a comparison between test results for the NIST model and good and nominal CTIA reference antennas. 
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Figure 7. EMITE test results for Samsung handset and NIST channel model.

3.2.2 Reverberation Chamber Candidate Methodology 2 (RC+CE)
The radiated test results for the hTC device with reverberation chamber candidate methodology 2 (RC+CE) using a R&S CMW500 in connection to a Spirent SR5500M in connection to EMITE E400 MIMO Analyzer for isotropic UMI, isotropic UMA and iUMA are illustrated in figures 8 to 10. Figure 8 depicts a comparison between test results for the hTC Good reference antennas, transmission mode 3 (OLSM) and 16QAM modulation scheme with UMI, UMA and iUMA channel models. The result using the NIST channel model in reverberation chamber candidate methodology 1 (RC) is also depicted for comparison. 

[image: image10.emf]0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

-120.00 -110.00 -100.00 -90.00 -80.00

EMITE hTC Good 16QAM

NIST TM3

EMITE hTC Good 16QAM

UMI TM3

EMITE hTC Good 16QAM

iUMA TM3

EMITE hTC Good 16QAM

UMA TM3

Throughput (%)


Figure 8. EMITE test results for hTC handset with Good reference antennas.

Figure 9 illustrates a comparison between test results for the hTC Nominal reference antennas, transmission modes 2 (TD) and 3 (OLSM), 16QAM and 64QAM modulation schemes with UMI and UMA. The result using the NIST channel model in reverberation chamber candidate methodology 1 (RC) is also depicted for comparison. 
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Figure 9. EMITE test results for hTC handset with Nominal reference antennas.

Figure 10 illustrates a comparison between test results for the hTC Bad reference antennas, transmission mode 3 (OLSM), 16QAM modulation scheme with UMI and UMA. The result using the NIST channel model in reverberation chamber candidate methodology 1 (RC) is also depicted for comparison. 
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Figure 10. EMITE test results for hTC handset with Bad reference antennas.

The radiated test results for the Samsung device with reverberation chamber candidate methodology 2 (RC+CE) using a R&S CMW500 in connection to a Spirent SR5500M in connection to EMITE E400 MIMO Analyzer for iUMI and iUMA are illustrated in figures 11 and 12. Figure 11 depicts a comparison between test results for the Samsung Good reference antennas, transmission mode 3 (OLSM) and 16QAM modulation scheme with iUMI and iUMA channel models. The result using the NIST channel model in reverberation chamber candidate methodology 1 (RC) is also depicted for comparison. 

Figure 12 depicts a comparison between test results for the Samsung Nominal reference antennas, transmission mode 3 (OLSM) and 16QAM modulation scheme with UMI and UMA channel models. The result using the NIST channel model in reverberation chamber candidate methodology 1 (RC) is also depicted for comparison. 

The radiated test results for the hTC device with Good reference antennas using the device reported signal quality indicators as in [5] as depicted in figure 13.
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Figure 11. EMITE test results for Samsung handset with Good reference antennas.
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Figure 12. EMITE test results for Samsung handset with Nominal reference antennas.
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Figure 13. EMITE SNR test results for hTC handset with Good reference antennas.

In an effort to draw some preliminary conclusions from measured data, a comparison on the different methodologies is illustrated in figures 14 to 16. From our measured data set, figure 14 plots the comparable measured values (with same settings) for the Reverberation Chamber candidate methodology 1 (RC).
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Figure 14. Comparable EMITE test results for RC candidate methodology 1 (RC).
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Figure 15. Comparable EMITE test results for RC candidate methodology 2 (RC+CE) using UMI channel model.
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Figure 16. Comparable EMITE test results for RC candidate methodology 2 (RC+CE) using UMA channel model.
4. Analysis of results
Conducted test results show high slope curves, as also previously reported by other labs. While conducted tests are required as a reference value, their very high slopes demonstrate their inability to be used for compliance testing without any OTA information. 
When comparing devices’ performance, it is very interesting to observe that the same MIMO OTA device performance ranking was obtained with all methods, these being a) Reverberation Chamber candidate methodology 1 (RC), which uses the NIST channel model, b) Reverberation Chamber candidate methodology 2 (RC+CE) using isotropic UMI channel model and c) Reverberation Chamber candidate methodology 2 (RC+CE) using isotropic UMA channel model. Using the Reverberation Chamber candidate methodology 1 (RC) and with the available comparable tested settings, hTC Good ranked first, followed by Samsung Good. hTC Nominal and Samsung Nominal followed quite close to each other. When considering the performance within the 100 down to 70% throughput range, hTC Nominal slightly outperformed Samsung Nominal, although Samsung Nominal exhibited slightly better performance than hTC Nominal for the very high throughput range (95 to 100%). hTC Bad was the worst performance of all tested devices by far. A ~8dB range was found to differentiate Good from Bad MIMO devices.

With the Reverberation Candidate methodology 2 (RC+CE) and using the UMI channel model, with the available comparable test results the ranking was the same as that found with RC candidate methodology 1 (RC). Small differences between these two methods were encountered. First, the differences between hTC Good and Samsung Good were very similar, while the differences between Samsung Nominal and hTC Nominal, although already small in the RC candidate methodology 1 method, were even smaller with RC+CE using UMI. Samsung Nominal also outperformed very slightly hTC Nominal at the very high throughput range (95 to 100%), but hTC Nominal dominated overall when considering the whole analysed range (70 to 100%), although, as mentioned, with minute differences. The hTC Bad device again provided the worst performance of all devices by far. Similarly, an ~8dB range was found to differentiate Good from Bad MIMO devices.

With the Reverberation Candidate methodology 2 (RC+CE) and using the UMA channel model, with the available comparable test results the ranking was again the same as that found with RC candidate methodology 1 (RC) and RC candidate methodology 2 (RC+CE) with UMI channel model. Some differences were also found. First, UMA is more delay-demanding than any of the other methods, and this reflects clearly in the differences in performance, which are larger between devices. An exception is for those tests <using transmit diversity (TD) which provided close performances for comparable devices, yet this may be attributes to the low-demanding requirements in terms of throughput of this transmission mode and being really a SIMO mode and not a full MIMO mode (Note that results using TM2 and TM3 cannot be directly compared between then). Within the range 100 down to 70% throughput, an ~8dB range was also found to differentiate Good from Bad MIMO devices, although this range was larger (~12dB) for the very high throughput range (95 to 100% throughput).

The analysed isotropic iUMI and iUMA test results clearly show an elimination of the convolved RMS DS effect, providing better throughput results in general which are more evident for more delay-demanding models such as UMA. The extent of which these results are found more similar to results obtained in other systems and their applicability is a subject for future research.

Finally, the SNR results obtained using Agilent’s proposal of RSRP and RSRQ also provide a good way to differentiate performances between NIST, UMI and UMA channel models, and can be a good potential method to account for noise and therefore SNR as per CTIA request in the latest test plan. 
5. 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 over an ~8dB range. The differences between Good, Nominal and Bad antennas on devices are clearly distinguished and in line with the correlation differences between these antennas. The ranking provided with this method is the same as the ranking provided with Reverberation Chamber candidate methodology 2 (RC+CE) using UMI or UMA as channel models.

Similarly, although introducing some extra complexity, the differentiation between UMI and UMA fading performances using Reverberation Chamber candidate methodology 2 (RC+CE) without AWGN addition is also able to differentiate Good from Bad MIMO devices with the same discriminating range. 

Preliminary SNR results using Agilent’s proposal of device self-reported RSRP and RSRQ also seems to be a good candidate for providing the CTIA-required SNR information on MIMO OTA tests. 

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 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.
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