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1. Introduction
A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in RAN 43 meeting as in RP-090352.  In this contribution, we propose following TP in order to make clear the channel model conditions and correct the calibration procedures for LET MIMO OTA test plan.
--- Text Proposal starts ---
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

	FOMs
	MIMO Throughput

CQI

(FRC)

	Type
	OTA

	Methodology
	Active

(with fading)


From the measured antenna patter, 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 (Angle spread : 35 deg)
•
Single Cluster Multi-Path Model based on Extended Pedestrian A (EPA) (Angle spread : 35 deg)
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 mobile speed of the channel models is 3 km/h.
B.2.3
Antenna Probes

This setup is only applicable to anechoic-chamber based methodologies. 

The measurement antennas or antenna probes should be based on orthogonally polarised antennas that are capable of transmitting the vertical and horizontal component of the RF transmitted signals. 

Different types of antenna probes can be used, depending on the test methodology. However, antenna probes should be able to support the 3GPP LTE frequency bands, at various centre frequencies. The number of antenna probes needed in an anechoic chamber will depend on the methodology employed. 

For measurement campaign purpose, the antenna probes should be calibrated where possible and the following additional information about the antenna probes should be recorded:

· The antenna pattern of the antenna probes. 

· The cross-polarisation of the antenna probes. The cross-polarisation of an antenna probe is defined using Cross Polarisation Purity (AntennaCrossPolarisation). AntennaCrossPolarisation is used to ensure quality/controllability of polarisation effect. The vertical and horizontal gain component of antenna probe can be measured separately or simultaneously to define the XPR. The cross polarisation of the measurement antennas should be (20 dB for the operating carrier frequency. 

· The mutual coupling between vertical and horizontal antenna probe element. The mutual coupling between horizontal and vertical antenna probe element should be minimised (1 dB). 




	
	

	
	
	
	

	
	

	
	

	
	

	
	

	
	

	
	
	
	

	
	

	
	

	
	

	
	
	
	

	

	

	

	

	
	

	
	

	
	

	
	
	
	

	

	

	

	

	
	

	
	

	
	

	
	

	
	

	
	




















	
	


	
	

	
	
	

	



	
	
	
	


	
	

	
	

	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	

	
	

	
	
	
	
	
	
	
	









	
	
	

	

	
	
	

	
	
	

	
	
	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	






--- Text Proposal ends ---
--- Text Proposal starts ---
B.3
Calibration of Test System

B.3.1
Calibration Procedure for Anechoic-chamber based methodologies

The calibration procedure is composed of following three steps.


1.  Probe power calibration


2.  Channel power calibration


3.  Calibration check

B.3.1.1 Probe power calibration

The test system shall be calibrated using the setup in Figure B.3.1-1. The UE is replaced by a reference antenna (shown in green) with known gain characteristics. A CW non-faded calibration signal is fed to one probe at a time and received by the reference antenna. Based on the known properties of the reference antennas, the pathloss from the input of the fading emulator to the UE location will be calculated.

The settings (except fading model) of the channel emulator during the calibration and measurement phases should be identical. The channel model used in the calibration is static propagation conditions (1 tap, no fading, maximum channel output power). Signal is routed to one antenna probe at a time. Each path (antenna probe) is calibrated separately.
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Figure B.3.1-1: Probe Power Calibration Setup

The calibration steps are given as follows:

1) Measure the attenuation between points A and B (shown in Figure B.3.1-1) through the antenna probe. Point A is the input to the channel emulator and point B is the UE location represented by the reference antenna for the first polarization. The reference antenna has to be aligned with the antenna probe in order to have the antenna probe within the main lobe of the reference antenna, and with the correct polarization.

2) Calculate pathloss compensation factor as below:
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 is the compensation factor for antenna probe i to be adjusted by channel emulator.
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3) Adjust the channel emulator outputs by the compensation factor. 
4) Calculate the pathloss of each route as follows: 
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where 
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 is the reference antenna gain. 

5) Repeat the above procedure for the other polarization.
B.3.1.2 Channel power calibration
During the calibration phase the static propagation channel condition is used with one probe antenna at a time. For the measurement phase using faded channel conditions, the signal is transmitted via several probe antennas at a time. Therefore, the per-path calibration information gained from the pathloss measurements needs to be used to adjust the signal level when using multiple antennas and a fading channel. 

The composite loss is the loss between point A and point B, as shown in Figure B.3.1-2. The average channel power is defined as the measured signal power level in the center of the probe array (Point B) using an omnidirectional reference antenna for the vertical or the horizontal polarization respectively. The power at location B is the sum of signal powers via a number of calibrated probe antennas and averaged over 30 seconds. The total power should be determined for each channel model, and polarization separately. The average channel power at Point B is also the eNodeB Emulator output power (Point A) minus the composite loss.  The average channel power at the reference antenna for both vertical and horizontal polarization should be set as the target received power respectively, for example -60 dBm for the initial power for each polarization.
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Figure B.3.1-2: Channel Power Calibration Setup
B.3.1.3 Calibration check



In order to verify that each antenna probe has been properly calibrated, a UE sensitivity measurement is performed for each antenna probe using the static propagation channel model. The result of this check can be used to verify that the probe antennas have been properly calibrated.
The test system is configured as in Figure B.1-1 according to the test procedure described in the “Test Procedure” section below, but with the following exceptions:

1)
The channel model is a single tap and non-faded (AWGN) channel.

2)
Only one probe antenna is used at a time.

Rotate the UE using an angle step,
[image: image11.wmf]q

 of 45° and measure the UE reference sensitivity. For each antenna probe and angle of step,
[image: image12.wmf]q

, and polarization, record the UE reference sensitivity in Table B.3.1-1.

Table B.3.1-1: Calibration check table

	Reference sensitivity/Angle 
	Path 1  [dBm]
	Path 2

[dBm]
	Path 3

[dBm]
	Path 4

[dBm]
	Path 5

[dBm]
	Path 6

[dBm]
	
	Path n

[dBm]
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	Path Average
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where 
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 is the rotation angle, 
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= 8 for angle step of 45°, and,
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is the recorded reference sensitivity for each angle step 
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. 
The pathloss compensation is considered successful if the path average results are within ±1 dB.
--- Text Proposal ends ---




1) 
2) 
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