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Introduction

During the 3GPP TSG-RAN RG4#50-BIS meeting in Seoul, a MIMO OTA skeleton report [1] was approved. This contribution proposes a text for section 6.1 Candidate solution 1. The candidate solution 1 follows the contribution [2]. This text proposal is revised from contribution [4].
The text proposal starts from the next page.

-------------------------- Start of text proposal --------------------------
6
Methodologies based on Anechoic RF Chamber

This section describes the methodologies based on Anechoic RF Chamber, where a number of test antennas are located in different positions of the chamber, and the device under test (DUT) is located at center position. The DUT is tested over the air without RF cables.

6.1
Candidate solution 1

The MIMO OTA test setup is composed of a number of OTA chamber antennas, a multidimensional fading emulator, an anechoic chamber, communication tester / BS emulator and a device under test (DUT). The following figure depicts an example of the OTA concept. The purpose of the figure is not to restrict the implementation, but rather to clarify the general idea of the MIMO OTA concept. For simplicity, uplink cabling is not drawn here.
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Figure 1. Example of MIMO/Multiantenna OTA test setup (Uplink signal path omitted in the figure).

The DUT is located at center of the anechoic chamber. The idea of locating DUT into center provides a possibility to create a radio channel environment where the signal can arrive from various possible directions simultaneously to the DUT. This is the key aspect of the wideband MIMO radio channel models implemented today. 

The proposed test setup is composed of a transmitter, a multidimensional radio channel emulator, an anechoic chamber equipped with OTA antennas and a DUT with multiple antennas. The crucial challenge is to generate realistic angular and polarization behavior within the anechoic chamber. The family of geometry-based stochastic channel models (GSCM) is well suitable for MIMO OTA testing. The GSCM include 3GPP SCM, SCME, WINNER and IMT-Advanced channel models. This angular and polarization behavior creates appropriate correlation at the DUT antennas. The correlation is defined implicitly via the per-path angle of arrival and real antennas. Correlation matrix based model is not suitable for this, because it includes the antenna information in the model itself.

Geometry based channel modeling methodology models BS and UE antenna arrays and the propagation between them (including angular power spectra). The parameters that are included are Doppler, Angle of Arrival, Angle of Departure, delay and polarization. The parameters are based mainly on measurements. The measurements define certain statistics and radio channel realizations are then created by these statistical properties.

The geometrical models are divided in to three parts:

1. BS antenna arrangement and the angular power spectrum as well as the AoD from the BS are modeled in the channel emulator.

2. AoA is created by dividing the appropriate clusters based on their original AoA to corresponding OTA antennas. The user terminal is not physically in a motion, thus the fading and Doppler spectrum are built in the channel model.

3. The angular power spectrum at DUT is created by radiating the signal from multiple OTA antennas. 

UE (DUT) antenna characteristics are assumed unknown. In other words we do not use this information in the OTA modeling.

6.1.1 
Concept and Configuration

The idea of the MIMO OTA modeling is that the geometric channel models are mapped into the fading emulator. The mapping process covers all the required mathematics when converting the traditional geometric channel model to fading emulator tap coefficients as well as the calibration. The modeling process is shown in Figure 2.
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Figure 2. Modeling process.

The setup of OTA chamber antennas with eight antenna elements is depicted in Figure 3. DUT is at center and the antennas are on a circle around DUT with uniform spacing (e.g. 45( with 8 elements). Let us denote directions of K OTA antennas with k, k = 1, …, K, and antenna spacing in the angle domain with . Each antenna is connected to a single fading emulator output port. If single antenna BS is considered the fading emulator configuration is 1x8 SIMO, with two BS antennas 2x8 MIMO etc. If dual polarized OTA antennas are used like in Figure 4 the fading emulator configuration will be with 1 BS antenna 1x16 SIMO, with two BS antennas 2x16 MIMO etc. In the figure for example antenna A1V denotes the first OTA antenna position and vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc.
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Figure 3. OTA chamber antenna setup with eight uniformly spaced chamber antennas.


[image: image3.emf]D

q

A

1V

A

1H

A

2V

A

3V

A

4V

A

5V

A

6V

A

7V

A

8V

A

2H

A

3H

A

4H

A

5H

A

6H

A

7H

A

8H


Figure 4. OTA chamber antenna setup with eight uniformly spaced dual polarized chamber antennas. In the drawing the V-polarized elements are actually orthogonal to the paper (azimuth plane).

6.1.2
Test Conditions

This candidate solution supports testing of different figure of merits. It is also applicable for any 3GPP Release, and even for other standards. It supports different channel models from SCM to IMT-Advanced. Due to its generality, it does not restrict the test conditions. However, for simplicity, it is good to start from downlink throughput testing.

The downlink throughput testing can be done e.g. in following manner.

BS transmits signal through a radio channel emulator. This signal is routed to several antennas in anechoic chamber. The DUT is placed at center of the chamber and the performance is measured from the DUT.

· OTA antennas are located symmetrically around the DUT antennas.
· The number of OTA antennas is ≧ 8

· For dual polarized case the number of OTA antennas is≧ 16 

· The circular geometry is needed because we need signal from many directions at the same time (requirement from the channel models)
The test steps can be, e.g., according to [3] or as follows.

1. Calibrate the full system with a test signal.

2. Set the first test case (e.g. channel model) to the fading emulator.

3. Generate test signal by the communication tester / BS emulator. 

4. Measure the DUT performance (downlink throughput). 

5. If the performance exceeds the specified limit, the DUT passes the test case.
6. If all test cases done, go to step 7. Otherwise, set the next test case (e.g. channel model) to the fading emulator and go back to step 3.

7. If DUT passed all the test cases, the DUT passes the full MIMO OTA test. 

8. If DUT failed in at least one test case, the DUT failed the full MIMO OTA test.

-------------------------- End of text proposal --------------------------
Proposal

It is proposed that the above text is approved to be included in the MIMO OTA TR. If necessary, some modifications can be done during the meeting.
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