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1. Introduction

The Candidate Method 4 which is the Rohde & Schwarz two-channel method is further detailed in this TP. It is assumed that version 1.3.0 of TR 37.976 will be approved at the beginning of the Taipei meeting, and therefore that version is taken as the basis for this TP.
--- Text Proposal starts ---
6.3.1.4
Candidate Solution 4
In this method an assessment of the antenna’s performance in MIMO or Diversity operation is performed. Several simplifications are used in order to optimise the testing.

A test of the UE in an anechoic environment with the help of a base station emulator is proposed, with a limited number of faded channels and transmitting antennas, and in a simple geometrical set-up.

The underlying principle is to decompose the task for evaluating MIMO performance. Since in the conformance test many properties of the DUT are already tested in a conducted environment, the OTA test only has to add information not achievable by a cabled set-up.

For that reason it then is sufficient to define some abstract channel environment during the test which does not need to be very close to reality. Abstraction on the environment makes it easier to interpret the obtained results.

The channel information available in the UE can be used to deliver a quick answer to the test system about the current receive quality. Such a measurement is much faster than the evaluation of a throughput figure, but it is nevertheless closely related to it. If necessary, an explicit scaling from one quantity onto the other one can be made. 

6.3.1.4.1
Concept and Configuration

The test set-up uses an anechoic chamber. In case of an RX diversity measurement the signal from the base station emulator is routed via a two-channel fading to two antennas in the chamber. For an RX MIMO measurement, the two signals from the base station emulator can undergo a 2x2 channel fading simulation before reaching the antennas in the chamber, or can be routed directly to the probe antennas with some chosen polarization.


Figure 6.3.1.4.1-1 is a sketch of the chamber set-up. For obtaining various angles of arrival (AoA) at the EUT, two antennas A1 and A2 can be rotated in a vertical plane and can be put to angles θ1 and θ2. The UE is placed on a turntable rotating around the vertical axis by some angle φ. In addition, the UE may be tilted by some additional rotation around the horizontal axis, not shown in the figure. By this arrangement the two antennas A1 and A2 can send the signals from the base station emulator to any position on the unit sphere around the UE, thus creating arbirtrary AoA. 
As an alternative to moving the antennas by mechanically rotating them it is possible to arrange the antennas in a horizontal plane and to move one antenna with respect to the other in order to vary the angle difference between the two. In that case the positioner rotating the UE will be designed in a more complex way.
Typically, the antennas are dual-polarised ones. In the usual configuration each antenna is sending its signal in one polarization only. Tests are made for the various combinations of antenna polarizations in order to generate either co-polarized or cross-polarized signals. As a special case it is also possible to test with one antenna where each polarization is transmitting one MIMO data stream. This will lead to identical AoAs for the two data streams.
If one wants to extend this method to 3D AoA, a third antenna outside the plane can be used.
The figure does not show an additional antenna used for the uplink communication. This antenna may be placed in the vicinity of the UE, for example in the φ positioner. It is common practise to use circularly polarized antennas for this purpose, and to use a limiting amplifier in the path towards the BSE in order to get a good and constant UL level.
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Figure 6.3.1.4.1-1: 2 Channel Method, antenna arrangement in anechoic chamber

A test point is described by:

1)
Signal from BSE, e.g. frequency, MCS, data rate, MIMO mode, …

2)
Fading characteristics (if applicable) and antenna polarisations

3)
Antenna positions

4)
UE position elevation, azimuth

The detailed settings for the various parameters describing a test point are for further study.

The measurement then uses the quantities CQI, RI and PMI for a quick evaluation of the channel characteristics for each given test point. More precisely, the DL power will be changed until a change in the returned channel information is observed.
In case the required figure of merit is some other quantity such as throughput, some mapping from the channel information onto the figure of merit can be made. This mapping of course depends on the signal settings on the BSE and possibly on other parameters. The mapping can be derived in a series of measurements where changes to the channel parameters lead to different channel information values and to different corresponding values of the figure of merit. It is also possible but more time-consuming to measure the figure of merit for each test point.

The OTA performance can better be described by taking statistical evaluations into account. If, for example, for each test point a relative throughput value is obtained as function of subcarrier power, one can plot the results for different points in a histogram and to obtain some CCDF indicating the conditions for getting at least a given TP value.
--- Text Proposal ends ---

--- Text Proposal starts ---
Annex B: LTE MIMO OTA Test Plan

B.1
Test Objectives

1)
To measure a set of figure of merits by using the same reference DUTs for the candidate methodologies, 

2)
To compare the OTA figure of merits results between the candidate methodologies, and 

3)
To determine and prove whether the candidate test methodology can be used to differentiate a good and bad DUT

B.2
Test Setup

The test system setup is shown in Figure B.2 for the proposed methodologies in 6.3. For anechoic chamber based methodologies in Figure B.2-1, a number of vertically and horizontally polarized antennas are located on a plane with respect to the DUT. The typical number of antennas is at least eight in a full circle and at least three for a single cluster test. The antenna probes’ distance from the DUT, 
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, will vary from lab to lab. In the candidate solution 4 typically two antennas will be used. The DUT will be rotated around its centre line by using the electronically-controlled turntable system or using a manual turning approach. The angle of turning is designated as 
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. An anechoic chamber of sufficient size (
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) m is used and this will vary from lab to lab. Some uplink signal amplifier may be used to ensure good isolation between Tx and Rx port of eNodeB emulator.
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Figure B.2-1: Anechoic-chamber based methodologies

--- Unchanged text deleted ----
Set up

a)
LTE Node B emulator.

b)
Anechoic chamber with position controller capable of moving the DUT and antenna probe relative to each other in theta (θ) and phi (φ).  Anechoic chamber designed and calibrated to support desired test frequencies.

c)
The DUT is capable of measuring complex antenna pattern data (i.e. both magnitude and phase) for both antennas used in the reception of LTE signals.  A diagnostic tool may be used to capture the data.  Devices that connect to the USB port of the laptop shall be connected directly to a USB port on the left or right side of the laptop.
d)
PC running test automation software.
B.2.1 
Figure of Merits (FOMs)

The figure of merits (FOMs) is given in Table 5.1. Figure of merits or test parameters in Table B.2.1-1 should be measured where possible, starting from Category I to Category V.

Table B.2.1-1: Figure of Merits

	Category
	I
	II
	III
	IV
	V

	FOMs
	MIMO Throughput

CQI

(FRC)
	TRP

TRS
	Gain Imbalance

Spatial correlation

MIMO Capacity
	Antenna Efficiency

MEG
	MIMO Throughput

(VRC)



	Type
	OTA
	OTA
	MIMO antennas
	MIMO antennas
	OTA

	Methodology
	Active

(with fading)
	Active

(with fading)
	Passive/Active

(with fading)
	Passive/Active

(without fading)
	Active

(with fading)


From the measured antenna pattern, the MIMO antenna statistics, such as gain imbalance, spatial correlation and capacity can also be derived to assess the OTA performance of the DUT. 

B.2.2
Channel Models

The desired radio channel models that can be used for the measurement campaign are described in 6.2. The recommended sub-set of channel models for the measurement campaign is listed below:

For full circle testing:

•
SCME Urban micro-cell,

•
SCME Urban macro-cell, and

For single cluster testing:

•
Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell

Single Cluster Multi-Path Model based on Extended Pedestrian A (EPA)

For uniform model testing:

· Extended Pedestrian A (EPA) 

The channel model used in the test is independent of implementation. When/if the sum of sinusoids based implementation of SCME channel models is used, the number of sub-paths per cluster is 20. The Doppler spectrum is based on the geometry (AoA and DoT).
The candidate solution 4 (two-channel method) does not require a channel model to be applied.
--- Unchanged text deleted ----
B.3.5
Calibration Procedure for two-channel method
The calibration in the case of candidate solution 4 (two-channel method) is similar to the calibration of power levels in the SISO case. Attenuation of cables as well as free space attenuation are measured to determine the path loss between an RF output of the eNodeB emulator and the output of an ideally isotropic radiator placed at the centre of the quiet zone. The radiator is co-polarized with the utilized test antenna. The measurement can be achieved using a signal generator, a power meter and a calibrated reference antenna, for example.

The attenuation values obtained by means of this method are then used in the following way:

For the power level at the quiet zone due to antenna 1, the power level of the eNodeB emulator is taken and the total attenuation for that path is subtracted in order to obtain the power level at the UE’s position. Since there are usually different paths involved, one for each polarization, the correction for the appropriate polarization has to be taken.

The power level at the quiet zone due to antenna 2 then is set to the same level by adjusting the power level in the eNodeB emulator. The power level going into the first antenna is taken and shifted by the difference in attenuations of the two paths involved.

The resulting uncertainty is determined by the uncertainty of the attenuation measurement and the uncertainty of the eNodeB emulator output.

--- Unchanged text deleted ----
B.4.5
Test Procedure 5 for two-channel method
The following test procedure is used to measure MIMO throughput and CQI given in Table B.2.1-1.  The FOM is measured by varying the PDSCH resource element power controlled via setting the RS EPRE power. The steps are similar to the ones in section B.4.1 but with some changes.
1) Set up the paths to the antennas / polarizations to be used for this test, and select an antenna distance (θ2 – θ1) .
2) Establish an LTE connection according to [12] with the turntable at φ = 0 degrees and with antenna 1 at θ1 = 0 degrees.

3) Set eNodeB emulator parameters according to Table B.2.4.1-2. 

4) Set up number of subframes to 2000, and repetition to “Single Shot”.

5) Adjust the power of PDSCH resource elements to a level approximately 1 dB higher than the point where throughput degradation starts to occur. Record this power level. 

Throughput is calculated with the following formula: 
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6) Measure the FOM and record the FOM result.
7) Reduce the power level in steps of 0.5 dB and record the throughput / power levels accordingly, until the throughput value is less than 10 % of the maximum throughput of step 5.
8) Rotate the antennas by 
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 degrees and repeat steps 5 to 7 until all rotation angles have been measured

9) Calculate the average value of the FOM for each power step over all rotation angles.

--- Text Proposal ends ---




























































































































































