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1.
Introduction
This text proposal aims to finalize the multi-probe anechoic chamber MIMO OTA test procedures in TR 37.977 [2].  Section 2 below provides a list of agreed components of the testing methodology, Section 3 provides a list of published documents that support the agreed components, and Section 4 provides the text proposal to TR 37.977.
2.
Discussion
For the duration of the MIMO OTA WI several companies have developed the multi-probe anechoic chamber measurement methodology and have reached agreement on the following criteria:

A. Channel models and their verification procedures

B. Results of the verification of channel models

C. Measurement campaign results with a set of reference antennas

D. Measurement uncertainty budget

E. Testing procedures
The channel models agreed by the group include the SCMe UMa and SCMe UMi channel models, for which a detailed set of parameters is given in Section 8.2 of TR 37.977 [1].

The channel model verification procedures have been agreed and recorded in TR 37.977 in Section 8.3 and 9.3.1.  Results indicating the successful verification of the implementation of these channel models in the multi-probe anechoic chamber labs have been submitted by various companies in [2 – 5].

A measurement campaign using a set of reference antennas with known performance characteristics was performed, and several companies have provided results in [6 – 14].  These results from multiple labs have indicated that the multi-probe anechoic chamber methodology is capable of evaluating UE performance in terms of absolute throughput.
The measurement uncertainty budget has been agreed in [15].

The primary contribution of this text proposal is to define the testing procedure in Section 12 of TR 37.977.  Toward that end, the following components of the testing procedure are referenced in this text proposal:
1. Specification of the eNodeB emulator settings; these parameters are given in Section 7.1 of TR 37.977

2. Specification of the BS antenna configuration; these parameters are given in Section 7.2 of TR 37.977 
3. Specification of the Figure of Merit; this parameter is defined in Section 5.1 of TR 37.977

4. Environmental conditions; these conditions have been agreed in [16]
5. DUT positioning; these aspects have been agreed in [17]

Furthermore, the following components of the testing procedure are defined in this text proposal:

6. Description of the multi-probe anechoic chamber testing system; this description is provided in the text proposal in Section 4 of this document
7. Specification of the testing points are provided in the text proposal in Section 4 of this document
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12
Final Agreed Test Methodology

12.1 Multi-Probe Anechoic Chamber Test Methodology
12.1.1
Device Positioning and Environmental Conditions

The positioning of the device under test within the test volume shall be set as defined in Section 9.4.1 (Handheld UE), Section 9.4.2 (Laptop Mounted Equipment), and Section 9.4.3 (Laptop Embedded Equipment).

The environmental requirements for the device under test shall be set as defined in Annex D.

12.1.2
Channel Models

The channel models emulated by the channel emulator shall be defined by Section 8.2.
12.1.3
Base Station Configuration

The eNodeB emulator parameter settings shall be set according to Section 7.1.

The emulated antenna array configuration shall be set according to Section 7.2

12.1.4
System Description
12.1.4.1

Solution Overview
An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antennas located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices. The method consists of a number of test antennas located in different positions of the chamber, and the device under test (DUT) is located at the center position. The DUT is tested over the air without RF cables. 

The Anechoic chamber techniques creates a realistic geometric based spatio-temporal-polarimetric radio channel for testing MIMO performance using Geometric based stochastic channel models. 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.

The components of the solution include: 
· Anechoic chamber
· System simulator (SS)

· N channel RF emulator, with OTA channel generation features

· N linearly polarized antenna elements configured V, H or co-located V&H or slant X polarizations

· K azimuthally separated antenna positions with predefined angles at radius R

· Channel model definition for each test case
An illustration of an anechoic chamber is shown in Figure 12.1.4.1-1 below.
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Figure 12.1.4.1-1: N-Element Anechoic Chamber Approach (Absorbing tiles and cabling not shown)
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Figure 12.1.4.1-2: OTA System Level Block Diagram

A system level block diagram is shown in Figure 12.1.4.1-2, which includes the SS to generate the M branch MIMO signal, and an RF Channel Emulator with an OTA Channel Generation Feature to properly correlate, fade, scale, delay, and distribute the signal to each test antenna in the chamber. For the selected environmental conditions modeled by the SCME UMa and UMi channel models, the minimum setup configuration can be described as below:

Table 12.1.4.1-1: Example of a minimum setup for Single Cluster and Full Ring Implementations using the Anechoic Chamber Methodology
	
	Full Ring
	Single Cluster

	Minimum number of antenna positions
	8
	3

	Antenna spacing  
	45°
	Determined on the setup

	Applicable channel model
	SCME UMa/SCME UMi
	Single Cluster UMa and Single Cluster UMi


The channel models are defined in Section 8.2.  The single-cluster channel models are listed in Annex C for future consideration.
12.1.4.2
Concept and Configuration

For MIMO OTA modeling the geometric channel models are mapped into the fading emulator, converting the geometric channel models into the emulator tap coefficients. This process is illustrated in  Figure 12.1.4.2-1.
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Figure 12.1.4.2-1: Modelling process
The setup of OTA chamber antennas with eight antenna positions is depicted in Figure 12.1.4.2-2. DUT is at the center, and the antennas are in a circle around the DUT with uniform spacing (e.g. 45( with 16 elements arranged in 8 positions, where each position contains a vertically and horizontally polarized antenna pair). Denoting 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. 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 12.1.4.2-2: 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)

12.1.4.3
Scalability of the methodology

The number of antennas is scalable with no upper limit; however, the required number of emulated channels depends on three main aspects: channel model, DUT size, and polarization. In order to ensure the accuracy of the channel model emulated, and based on the quiet zone requirements, it is recommended to use a minimum of 16 antennas (8 positions per polarization mode). The number of fading channels per antenna is one.
Single cluster SCME can be implemented with a minimum of 6 antennas (3 positions per polarization mode). The difference between multi-cluster SCME and single cluster SCME is depicted in Figure 12.1.4.3-1, with the key differences being the mean Angle-of-Arrival (AoA) of each cluster, now, turned to the same direction. When the angular spread is narrow, for e.g., 35 degrees, one AoA requires a smaller number of antenna positions resulting in the simplification. 
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	a) Multi-cluster SCME
	b) Single cluster SCME


Figure 12.1.4.3-1: Multi-cluster SCME vs. single cluster SCME model.
Most of the geometry-based stochastic channel models (GSCMs) are two-dimensional, i.e. azimuth plane only, but the proposed MIMO OTA concept is not limited into azimuth plane. It can also be extended to elevation plane and create a 3D MIMO OTA. However, the 3D MIMO OTA channel models are not currently available in 3GPP and hence this can be considered as an area of future development.
12.1.4.4
Test Conditions

This candidate solution supports testing of different figure of merits and is applicable to any 3GPP release. 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 along a circle around the DUT.

· The circular geometry is needed because we need signal from many directions at the same time (requirement from the channel models)

· Run the following steps:
· Calibrate the full system with a test signal.

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

· Verify the implementation of the channel model as specified in Section 8.2.

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

· Measure the DUT performance (downlink throughput). 

· Repeat the tests for different azimuth positions and device orientations
· Calculate the TMT  defined in 12.1.6.2-1
· If the TMT exceeds the specified limit, the DUT passes the test case
· If all test cases done, go to next step. Otherwise, set the next test case (e.g. channel model) to the fading emulator and go back to step 3

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

· If DUT failed in at least one test case, the DUT failed the full MIMO OTA test.
12.1.5
Figure of Merit

The procedures described in this section shall measure the MIMO Throughput figure of merit specified in Section 5.1.1.  Section 12.1.6 specifies the testing points at which this figure of merit shall be measured.
12.1.6
Testing Points
12.1.6.1
Initial conditions

Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.

1. Ensure environmental requirements of annex A are met.

2. Set the SS downlink and uplink according to Table 7.1.-1 .

3. Propagation conditions are set according to section 8.2
4. Power on the UE.

5. Position the UE in to the chamber according  to applicable device positioning in section 9.4.

6. Set up the connection.

12.1.6.2
Test procedure

1. Measure MIMO Throughput Sensitivity (MTS) from one measurement point. MTS is the minimum downlink power resulting in a throughput value of 70% of the maximum throughput or greater.  The downlink power step size shall be no more than 0.5 dB when RF power level is near the LTE MIMO sensitivity level. Measurement duration shall be sufficient to achieve statistical significance that is TBD.

2. NOTE: To meet the throughput value target DL power level can be changed using user’s freely selectable algorithm. 

3. Rotate the UE around vertical axis of the test system by 30 degrees and repeat from step 1 until one complete rotation has been measured i.e. 12 angles.

4. Repeat the test from step 1 for each specified device orientation.

5. NOTE: Total number N of device orientations is given in Section 9.4.

6. Calculate  Total MIMO Throughput using equation 12.1.6.2-1
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(12.1.6.2-1)

In these formulas 
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 is the rotation angle. 
12.1.7
Measurement Uncertainty Budget
The measurement uncertainty budget for the multi-probe anechoic chamber test methodology is given in Annex B.
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