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Background

The MIMO OTA study item on multiple antenna radiated performance was agreed in [1]. The study item technical report skeleton [2] has been agreed and recently further revised to the skeleton is proposed in [3]. There have been a lot of discussions and experimental investigations on MIMO OTA figure of merits, channel model, test methods and results. For the MIMO OTA figure of merits definition purpose, the signal noise ratio (SNR) definition for MIMO OTA test is needed. SNR definition has been discussed in several meetings. This proposal proposes SNR Definition to be included in the MIMO OTA technical report. The proposed SNR definition is based on the discussions in [2-7].
Discussion

One of the major figures of merit for MIMO OTA is throughput. Throughput is depending on the SNR. SNR definition is needed for the throughput measurement. For different MIMO OTA test method comparison, consistent SNR setting is critical. The MIMO gain over SISO can be the throughput improvement or the coverage improvement. Both the throughput improvement and the coverage improvement can be measured with the same SNR definition. The SNR definition is provided in this proposal.
Proposal

It is proposed that the attached text proposal is approved for the MIMO OTA SI TR.
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-------------------------- Start of text proposal --------------------------

5.X.1 SNR definition
The typical configuration of a MIMO handset under real channel with co-channel interference is shown in Fig.1.  As a first step the interference can be simplified to use non-directional AWGN with no fading. More realistic noise including narrowband statistical scheduling and directional aspects is for further study.

To evaluate the MIMO antenna’s influence, a multipath channel needs to be applied to the downlink signal. This configuration can still be illustrated by Fig.1.


[image: image1]
Fig.1 MIMO Handset under co-channel interference

Suppose a reference dipole antenna is placed in the center of configuration, then the received signal power by one element of the handset antenna is 


[image: image2.wmf]dipole

s

s

G

H

P

P

=

, where H is the channel gain for the transmitted signal under given configuration, 
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is the antenna gain of the dipole antenna.

The received interference signal is
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The SNR is defined to be 
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 when there is a co-channel interferer. If the co-channel interferer is removed by setting the power of the interferer zero, then the test configuration corresponds to the test case where the device under test self noise will be the major noise influencing the performance. It is not possible to know the actual SNR for this case without knowing details of the handset design. From the MIMO OTA test perspective, it is not necessary to know the actual SNR for this case. What is needed for the test is to control the downlink signal power to search for the lowest power level at which the DUT achieves a pre-defined throughput. This power corresponds to potential improvement in coverage.
The SNR definition is applied to the three main MIMO radiated test methods as follows:

5.X.1.1 Multiple probe antenna based method.
For the multiple probe antenna based methods, the AWGN is applied to a full circle of antennas surrounding the DUT with equal angle interval. On each probe antenna, equal power AWGN is applied. Equal power AWGN is applied to both vertical polarization and horizontal polarization.

The AWGN can be super-imposed on the probe antennas for signal generation or can be on independent probe antennas. The number of probe antennas for AWGN noise generation is at least 3 to have a good approximation of spatial AWGN.

When testing MIMO antenna design with the throughput figure of merits, the AWGN interferer’s power level is set to a constant level. The downlink power level is changed to vary the SNR. The measured throughput under different SNR will be used to evaluate the different MIMO antenna design. When testing the coverage improvement, the AWGN interferers are turned off. The downlink signal power is changed to find the power level where a given throughput is achieved. The measured signal power with a dipole for this case will be a measure of potential coverage improvement for the MIMO downlink.
5.X.1.2 Reverberation chamber based method
For the reverberation chamber based method, the way of applying AWGN is to apply it to the test signal before it is radiated through the test antenna. When testing MIMO antenna design with the throughput figure of merits, the AWGN interferer’s power level is set to a constant level. The downlink power level is changed to vary the SNR. The measured throughput under different SNR will be used to evaluate the different MIMO antenna design. When testing the coverage improvement, the AWGN interferers are turned off. The downlink signal power is changed to find the power level where a given throughput is achieved. The measured signal power with a dipole for this case will be a measure of coverage improvement.
5.X.1.3 Two-stage method
The spatial AWGN is integrated over the antenna pattern and the resulting noise power is used to generate the noise power for the second stage throughput test. The first stage antenna pattern measurement does not require AWGN. The output power of the channel emulator is set to ensure the power received by the DUT with RF connection is comparable to the power received through the DUT’s antenna. The SNR is emulated by setting the power of the AWGN correctly when measuring the throughput for the given MIMO antenna design. When measuring for coverage improvement, the AWGN interference is turned off.
-------------------------- End of text proposal --------------------------
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