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1. Introduction

In the last RAN 43 meeting, a bunch of discussion papers was proposed regarding MIMO OTA [1] to [6]. The purpose of which was to help RAN4 gain more insight into different possible methodologies for testing radiated performance of devices with multiple antennas. 

Document [5] introduces the concept of reverberation chamber and draws a first picture of the state of the art regarding OTA testing using reverberation chambers and outlines the potential of testing MIMO OTA.

The objective of this contribution is to present analysis and tests results that show that the reverberation chamber can already today be used for fast, repeatable and cost effective RX diversity testing making it a good candidate for MIMO OTA measurements.

This contribution was produced with the help of Bluetest, a supplier of reverberation chambers for single and multi-antenna OTA measurements. 
2. Background and discussion

The reverberation chambers can emulate an isotropic multi-path environment which represents a reference environment for systems designed to work during fading, similar to how the free space “anechoic” reference environment is used for tests of Line-Of-Sight systems.  The Rayleigh environment in a reverberation chamber is well known as a good reference for urban and indoor environments, but does not well represent rural and suburban environments. 

For a future OTA MIMO measurement standard it is important to have a fast and repeatable test method to evaluate and compare MIMO devices in the environments and under the conditions where most people will use them. The overwhelming majority of calls/data connections with mobile phones are made indoors and in urban areas which can be very well represented by the reverberation chamber. These environments are well characterised by multi-path and 3D distribution of the communication signals and it makes a lot of sense to use the reverberation chamber for optimizing/evaluating devices with both single and multiple antenna configurations to be used  indoors and in urban areas.

Very few laptops are used outside urban and indoor environments which make the reverberation chamber a suitable MIMO OTA test method for optimizing/evaluating mobile broadband devices. 

There may be a need to test MIMO equipment to be used in rural and suburban environments as well.  The reverberation chamber can be probably modified to have a Rice distribution similar to suburban and rural areas, i.e. with very little multi-path just as an anechoic environment can be modified to simulate a similar environment by increasing the multi-path in the anechoic environment. However, right now there seems to be some confusion of which models to be used to characterise rural and suburban areas well and especially how it will be possible to reproduce them in a repeatable and cost effective way. Maybe it makes sense to first focus on establishing a test method where most multi-antenna devices will be used, i.e. indoors and in urban areas, as many of these devices are already under development and will soon be released onto the market. 

2.1 Update on test methodologies for SIMO antennas

CTIA/RCSG group plans to spend the next two months developing a SIMO test methodology which utilizes as much as possible the current 3GPP methodology (described in 34.121-1 as conducted tests). 

CTIA/RCSG is moving for SIMO testing from noise-limited sensitivity testing based on metrics such as BER (typically used for TIS, measured in a symmetrical loopback reference channel) to throughput-based measurements based on an asymmetrical reference channel.

Although Average Fading Sensitivity (using a symmetrical loopback channel), in short AFS, was seen as an alterative for faster sensitivity measurements, especially for MIMO-capable devices, it now appears that the use of this test mode is not supported by existing communication testers as they have been developed for tests in a non-fading environment  and might not be continued within CTIA. Indeed, the uplink fading channel can greatly influence the results even though the DUT may be displaying no errors on the downlink. A variant of AFS will be used for HSDPA SIMO performance evaluation, since HSDPA employs an asymmetrical reference channel instead of actual looped date with CRC, and therefore displays a greater immunity to corruption from uplink fading.
2.2 Update on test methodologies for MIMO antennas

A way to test the throughput of WLAN MIMO in a single reverberation chamber has been developed in [9]. The measurement assesses the quality of the link directly offered to the application and sensed by the user. It proves a high degree of repeatability and control over the active MIMO measurements and has been shown to allow comparison of the performance of different wireless standards and MIMO antenna configurations.

However, WLAN devices use receiver equalizers optimized for indoor propagation (which is very similar to the characteristics of the RC), therefore these results should be confirmed for HSPA/LTE MIMO devices which employ a channel equalizer designed for a more varied RF environment.

Moreover, in the future, the impact of interference and tuning of the chamber's parameters such as the stirring speed and the chamber loading should be also quantified.

A promising methodology for measuring MIMO antenna system performance is also proposed in [8] and [10]. It analyses the feasibility of using two reverberation chambers for measurements of performance of MIMO systems. One chamber is used for the transmitting side (BS for example) and the other for the receiving side (UE for example). This enables more control of the SNR (Enable low SNR) and enables control of the MIMO channel rank and richness. 

The presented results illustrate the keyhole effect and the asymptotic effect of adding more connections (cables, attenuators, delays) between the chambers. 
2.3 Reverberation chamber calibration and tests repeatability

Calibration of RC and repeatability of tests are a critical point that raises concern from many people on the feasibility of using RC. Indeed, the channel characteristics within a RC depend entirely on inserting/removing absorber and all other mechanical changes (metallic stirrers, size of the chamber…).  CTIA RCSG has been working on calibration methodology to ensure repeatability of tests within a single chamber and between multiple chambers from different manufacturers. 

Results related to calculation of the coherence bandwidths and K-Factors to characterise reverberation chambers can be found in [11] and [12]. These papers establish the relationship between the RC size, polarization, platform stirring and loading and the above mentioned characteristics (Coherence bandwidth and K-Factors). 
Measurement duration is another critical factor, currently some published results [14] show that TRP, radiation efficiency, and passive diversity gain measurements could be done within 1 minute time (based on the averaging of several hundred of samples taken each 200ms). For MIMO throughput measurements, the WLAN throughput measurements presented in [9] were performed within 1.5min (90s). 
2.4 Test uncertainty with reverberation chambers

Reverberation chamber show multiple practical advantages when it comes to OTA measurements:
1) They are easy to calibrate. A broadband antenna can be used to measure the losses in the chamber with a network analyzer. This takes < 10 minutes. CTIA RCSG is working on a standard methodology for reverberation chamber calibration.

2) Reflections in turntables, cables, doors, etc.does not degrade accuracy. Reflections are good in the reverberation chamber.

3) There are no active electronics in the measurement path that needs to be calibrated.

4) They have no quiet zone. As long as the DUT is placed at least 0.5 wavelengths from the wall or metallic stirrers the result will be the same within the standard deviation of the chamber.
5) Existing studies show that low standard deviation (good accuracy) can be achieved by measuring the DUT in sufficient number of different positions and calculate the average of the values. Some analysis in [13] show that the typical standard deviation in a small reverberation chamber such as the Bluetest High Performance chamber with the dimensions 1.2m x1.75m x 1.8m is less than 0.5 dB at about 800 MHz. At higher frequencies or with a chamber of larger dimensions the standard deviation decreases and accuracy increases.
3. Orange Labs' test results

3.1 Test configuration and principle

The following diagram presents our HSDPA RX diversity test configuration in a reverberation chamber. 

For these tests we emulate an HSDPA call with Node B Simulator in 2GHz band. The latter is connected to one of the 3 wall antennas through a switch. A fourth antenna allows measuring the DL received signal in the chamber with a spectrum analyzer.
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Figure 1 : Test bench configuration for testing in reverberation chamber

In order to create a Rayleigh fading environment, we’ve got 3 types of parameters that can be set using a tool on a computer plugged to the chamber:

· 1 antenna among 3 (with different polarizations) at the top of the cavity is chosen

· The plate where is placed the device can turn

· The 2 metallic stirrers near the walls can be moved on their axes

We first setup an HSDPA call, then for each antenna, each position of the plate and each position of the stirrers, we record CQI, DL Throughput and DL Power in the chamber. The link adaptation is performed on the NodeB emulator as follows: for each measurement sample, the HS-DSCH is configured (modulation, transport block size, number of HS-DSCH) depending on the CQI (Channel Quality Indicator) reported by the UE (User Equipment) according to the mapping table in TS 25.214 V5.11.0.
Each of the following test cases, represent 60 individual measurements based on different positions of the stirrers, Laptop, wall TX antenna as explained in the note below. For practical reasons we have limited the number of individual measurement per test case to 60, but we would normally recommend using more than 100 measurements in order to have results with improved accuracy. 

As the link adaptation was not automated during our tests, each measurement sample took about 3 minutes to be performed. Indeed, the transmitted block size was defined manually on the Node B emulator based on reported CQI for each stirrer's position. A set of 60 samples takes about 3 hours' time. Nevertheless, the test duration can be most likely reduced to less than 60 minutes if all these steps were automated. With a variable reference channel (VRC) and continuous mode stirring total measurement times of less than 10 minutes could be possible.
	Test Case
	Device
	PC Screen
	RX Level
	Positions

	1
	Cat 6 HSDPA data card
	Open
	-40
	A

	2
	Cat 6 HSDPA data card
	Closed
	-45
	A

	3
	Cat 6 HSDPA data card
	Open
	-45
	A

	4
	Cat 6 HSDPA data card
	Open
	-45
	B


Table 1 : Reverberation chamber test cases

Notes:

1. The laptop screen, when open, is positioned as follows: 
[image: image2]
2. RX Level is just a relative indication: it’s the output power of the NodeB Emulator when connected to the chamber through a 3 meters cable. The real characteristics of the signal inside the chamber are represented by the "downlink power distribution" measured by the fourth antenna.

3. Positions A and B are 2 series of 60 different configurations, each, of the chamber:

· Positions A: are all the combinations of the following settings: position of the plate from {0,∏/2,∏,3∏/2} + position of the stirrers from {0,25,50,75,100} + antenna from {1,2,3}

· Positions B: are all the combinations of the following settings: position of the plate from {∏/4,3∏/4,5∏/4,7∏/4} + position of the stirrers from {0,20,40,60,80} + antenna from {1,2,3}

3.2 Test results

The results are presented in the form of cumulative distributions for downlink power, CQI and DL throughput.

First of all, we can see on Figure 2 that, at a constant RX level (power transmitted by the NodeB emulator in the chamber), the DL Power distribution measured by the fourth antenna in the chamber is the same for different series of chamber configurations. 

That means that as long as the number of different configurations in the series is sufficient (60 samples here), the fading distribution emulated is the same for all series of positions.

Moreover, we can see that for each RX level, we get a Rayleigh distribution for the level inside the chamber. Tracing the DL power profile is thus a good way to characterize/calibrate the chamber.
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Figure 2 : DL Power distributions in the reverberation chamber

Figure 3, Figure 4 below show CQI and DL Throughput distributions for test cases 2, 3 and 4.

We can observe that obviously these distributions are very close, which prove that the procedure in reverberation chamber is reproducible. It is clear that increasing the number of individual measurements per test case would improve the accuracy.

Furthermore, the difference between diversity on and diversity off is evident which implies that:

· It is a reliable method to evaluate the antenna system on multi-antennas terminals.

· This method is a good way to compare several devices because it allows underscoring performance difference between them.
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Figure 3 : HSDPA Cat 6 CQI distributions for RX=-45dBm
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Figure 4 : HSDPA cat 6 Throughput distributions for RX=-45dBm

Finally we can see in Figure 5 and Figure 6 that the diversity gain is higher in bad radio conditions since the distributions with and without diversity at RX=-40dBm are closer than the distributions at RX=-45dBm.

This proves that the procedure has to be made for several averaged RX levels to see global performance of multi-antennas terminal.

[image: image6.png]100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

—A—Div OFF_RX=-40dBm
~—DivON_RX=-40dBm
—0— Div OFF_RX=-45dBm
{1 DivON_RX=-45dBm

cal

15 20 25





Figure 5 : HSDPA cat 6 CQI distributions for 2 different RX levels
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Figure 6 : HSDPA cat 6 Throughput distributions for 2 different RX levels

Reverberation chamber is thus a reliable method to evaluate the “diversity potential” of the antennas system: it allows checking that the antennas can achieve a sufficient good reception of uncorrelated signals to permit benefit from diversity.

Adding to reverberation chamber testing a classical conducted mode testing leads to a complete and easy to implement solution to assess global multi-antennas terminals performance (system antenna + processing chain).

4. Conclusion

Using reverberation chambers to perform OTA performance measurements for multiple antennas' UEs seems to be a promising method for a MIMO OTA standard. CTIA RCSG is currently working on SIMO/MIMO testing, chambers' calibration and measurements' setup and methodology. An important advantage with this technology is that it is already today used by many device manufacturers as well as network operators for development and evaluation of diversity and MIMO equipment.
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