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1. Introduction
A considerable effort has been made in 3GPP towards the development of standardized MIMO OTA test methods. One method currently considered for standardization, the reverberation chamber, has already been found to fulfil the ABCD criteria set for IL/IT test results consistency, and has also recently been found to be harmonized with Anechoic Chamber Multiprobe method as it provides the same decision of what is a “good” or “bad” device from the radiated receiver performance perspective.
The objective of this contribution is to present some test results of Active Antenna Systems (AAS) using a reverberation chamber in view of the future requirements to be set for AAS test equipment.

This contribution was made in co-operation with EMITE, a manufacturer of MIMO OTA test systems and Prof. Yoshio Karasawa from the Advanced Wireless Communication research Center (AWCC) at the University of Electro-Communications (UEC Tokyo). Some preliminary results can be found in [1].
2. Introduction
2.1 Active Antenna Systems (AAS)

The trend in future wireless standards as in the Long Term Evolution-Advanced (LTE-A) system, is to allow the mobile terminal to use two antennas (or more, when this becomes possible) for uplink transmission while using all the available set of antennas for downlink reception. 

3GPP has started the work of LTE-Advanced Release 11 and plenty of new features and studies are introduced to further enhance the performance of LTE and LTE-Advanced. Thus Active Antenna Array Systems (AAS) are introduced as a potential antenna configuration for BS. A study item (SI) has been approved in 3GPP WG4 to investigate the RF and EMC requirements for AAS Base Station based on macro-cell deployment scenarios.
Ideally, an AAS should rely on partial channel knowledge, obtained from the device or feedback to the transmitter via a low-rate feedback channel, have some lightweight, low DC power, and small size to conform to the typical constraints of small handheld terminals. Moreover, Applying the AAS antenna technology on LTE/LTE-A User Equipment (UE) will have impact on the existing performance requirements of the UE, and this contribution shows the capabilities of reverberation chamber to test this performance changes. Likewise, in the future, the MIMO OTA might be added in the test method for AAS, when the measurement technologies of MIMO OTA are mature [2].
In the AAS system under study, the data is changed on a block-by-block basis based on environmental changes with the schematic test setup described in figure 1.
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Figure 1. Schematic of AAS test setup.

2.2 Reverberation Chamber for AAS UE testing.

To evaluate the performance of the AAS UE described before, three tests were performed using conducted, anechoic chamber and reverberation chamber. The Reverberation Chamber was tuned to a 90ns Root Mean Square Delay Spread (RMS DS) NIST channel model using absorbers. Pictures of the reverberation and anechoic chambers test setups are reproduced in figures 2 and 3.
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Figure 2. Picture of radiated tests setup in Reverberation Chamber.
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Figure 3. Picture of radiated tests setup in Anechoic Chamber.

3. Results
Conducted measurements for 16QAM and QPSK modulation schemes were first performed in order to verify a system check at an SNR of 30 dB. Frequency-domain packet communications using the conducted tests were successfully demonstrated as shown in figure 4. Likewise, radiated unfaded performance was verified using an anechoic chamber. The unfaded radiated test results in the anechoic chamber as reproduced in figure 5 and confirm a good radiated performance of the AAS setup.
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Figure 4. Results of AAS conducted tests.
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Figure 5. Results of radiated AAS tests in Anechoic Chamber.

Two different tests were run using the reverberation chamber rich multipath fading environment. First, QPSK tests of the AAS without adaptation at a fixed transmit power level (without transmit power control, TPC) and with a random subband allocation were performed for two different pilot signal spacings. Results of this first test are reproduced in figure 6. Then, QPSK tests were run using AAS adaptation with transmit power level control based on CSI and optimum of subband allocation. The results of these other tests using the reverberation chamber is reproduced in figure 7. A very good performance, comparable to fading-free condition, was obtained with AAS tests using a reverberation chamber, i.e., under multipath conditions.
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Figure 6. AAS tests in RC without adaptation.

[image: image7.emf]
Figure 7. AAS tests in RC with adaptation.

4. Conclusions

AAS test results obtained with the Reverberation Chamber have shown that the AAS system was able to perform like in a fading-free situation when immersed in a multipath fading scenario, therefore working very effectively.

Reverberation chambers have demonstrated their ability to test AAS systems.
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