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1. Introduction
At the RAN WG4 meeting #57 Tdoc R4-104154 [1] was presented to include the calibration and test procedures into the MIMO OTA TR 37.976 [2] for the antenna pattern-based figures of merit (FoM). This document was extensively discussed but was not approved. Concern was expressed about the suitability of antenna pattern-based metrics and the late addition of the proposal to the TR.
Antenna pattern-based FoM have been in discussion within the MIMO OTA SI since RAN4 AH#02 (Dublin, April 2010), first appearing in the discussion document R4-101311 “Concept for Multi-Antenna Radiated Performance Test” [3]. A corresponding proposal to include antenna FoM as a candidate methodology was provided in R4-101312 “Addition to Comparison Table for MIMO OTA Methodologies” [4]. This proposal to adopt antenna pattern-based FoM for the TR was documented in the MIMO OTA minutes from Dublin in R4-101473 [5]:

R4-101312 Addition to Comparison Table for MIMO OTA Methodologies (Qualcomm)

•
The addition of the column was agreed.

•
Offline discussion on details.

A TP from Vodafone to include antenna pattern-based metrics was noted in R4-101433 “Text proposals for Figure of merits “ [6] and approved at the next meeting RAN4 #55 (Montreal, May 2010) in R4-101834 “Revised TPs for MIMO OTA TR 37.976: Figure of Merits” [7] which was subsequently included in the TR 37.976 v0.3.0 (2010-05) in R4-102194 [8].

At the same meeting operator requirements were agreed in R4-101835 [9] and to avoid any misinterpretation, the MIMO OTA minutes in R4-102244 [10] made the following point about NOTE 3
“UE special function to measure antenna pattern is not desirable for MIMO OTA purposes.”:
R4-101835

· Agreed. 

· NOTE 3 is not intended to exclude any existing candidate methodologies.
It was decided at RAN4 #55 to suspend the MIMO OTA SI for two meetings and so no further relevant papers were presented in RAN4 AH10-03 (Bratislava, Jun 2010) and RAN4 #56 (Madrid, August 2010).

At the next meeting RAN4 AH10-04 (Xian, October 2010) R4-103811 “LTE MIMO OTA Test Plan” [11] was discussed. In the MIMO OTA meeting minutes R4-103936 [12] it was noted by Qualcomm:

•
Qualcomm:  Antenna pattern / capacity based test procedure is not included here, but the first stage of antenna based measurement is included. Minor change. Qualcomm will share their proposal on test procedure to 3GPP later.
The intention of the group to include the details for the antenna pattern-based FoM was confirmed by Vodafone in R4-103979 “MIMO OTA agreement and way forward” [13]
R4-103811

Non-Intrusive calibration procedure will be provided.

Anechoic-chamber calibration check: measurement of REFSENS/T-put can be replaced by total received power. This can save the calibration checking time. 

Test procedure for Antenna Efficiency/MIMO capacity will be provided by Qualcomm, in Jacksonville.
Adopt the test plan in R4-103811 as baseline going forward.
At RAN4 #57 (Jacksonville, Nov 2010) Qualcomm followed up on the expectations of the group and presented a test procedure based on the candidate antenna pattern-based methodology in R4-104154 [1]. As noted earlier, this TP was not agreed.
In TR 37.976 version 1.2.0[2], there is an expectation that procedures will be provided for antenna pattern-based measurements:

B.4.3       Test Procedure 3

The following test procedure is used to measure TRP, Gain Imbalance, Spatial correlation, antenna Efficiency given in Table B.2.1-1.  Detailed steps are FFS. 

Support for antenna pattern-based metrics can be found in CTIA [14] and some operators [15].
2. Proposal 

According to the above, a MIMO OTA calibration and test procedure based on the antenna pattern-based candidate methodology is proposed in this Text Proposal.
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4. Text Proposal 
--- Begin Text Proposal ---

B.3.4
Calibration Procedure for antenna pattern based methodologies
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Figure B.3.4-1: Generic setup for calibration measurement in anechoic chamber

1. Set up:  An anechoic chamber with signal generator, reference antenna supporting the test frequencies of interest, probe antenna as shown in Figure B.3.4-1.  Free space path loss from point A to point B can be measured using measurement methods described in CTIA OTA Test Plan version 3.0, section 4 [2].

2. The UE is replaced by a reference antenna with known gain characteristics. A CW non-faded calibration signal is fed to the probe antenna and received by the reference antenna. Based on the known properties of the reference antenna, the pathloss from the input of the the UE location will be calculated.
3. Repeat this measurement for both horizontal and vertical polarization path losses and record these values. Use these values to account for the path loss from the Node B emulator to the DUT.
--- End Text Proposal ---

--- Begin Text Proposal ---

B.4.3
Test Procedure 3
The following test procedure is used to measure active antenna correlation coefficient given in Table B.2.1-1.  
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Figure B.4.3-1: Test setup for antenna pattern measurement in anechoic chamber

1. 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.

Laptop Computers/Netbooks

The laptop with an LTE embedded module will be powered by battery and the following power management settings should be used:

Configurations


Settings
Turn off monitor 

never
Turn off hard disks 

never

System standby 


never
WLAN




off
Bluetooth radio 


off
The laptops and other PDA devices should be positioned with respect to the turn-table and anechoic chamber coordinate system as outlined in Appendix L.4 in ‎[2]. When the laptop is placed on the turn-table (inside the chamber), the effect of turn-table on radiation pattern of laptop antennas should be captured. This requires calibration where radiation pattern under turn-table impact should be captured. 

eNodeB Emulator Parameter Settings

The eNodeB emulator parameters are set according to the type of DUT to be tested. 
Table B.4.3-1: Test Parameters for Channel Bandwidths

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod’n
	RB allocation
	Mod’n
	RB allocation

	
	
	FDD
	TDD
	
	FDD
	TDD

	1.4MHz
	QPSK 
	6
	6
	QPSK 
	6
	6

	3MHz
	QPSK 
	15
	15
	QPSK 
	15
	15

	5MHz
	QPSK 
	25
	25
	QPSK 
	25
	25

	5MHz
	QPSK 
	25
	N/A
	QPSK 
	20
	N/A

	10MHz
	QPSK 
	50
	50
	QPSK 
	50
	50

	10MHz
	QPSK 
	50
	N/A
	QPSK 
	25
	N/A

	10MHz
	QPSK 
	50
	N/A
	QPSK 
	20
	N/A

	15MHz
	QPSK 
	75
	75
	QPSK 
	75
	75

	15MHz
	QPSK 
	75
	N/A
	QPSK 
	50
	N/A

	15MHz
	QPSK 
	75
	N/A
	QPSK 
	25
	N/A

	20MHz
	QPSK 
	100
	100
	QPSK 
	100
	100

	20MHz
	QPSK 
	100
	N/A
	QPSK 
	75
	N/A

	20MHz
	QPSK 
	100
	N/A
	QPSK 
	50
	N/A

	20MHz
	QPSK 
	100
	N/A
	QPSK 
	25
	N/A

	Note 1:Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1 of TS36.521-1.
Note 2. Depending on E-UTRA band, only the appropriate Uplink RB allocation value according to table 7.3.3-2 is tested per Test Channel Bandwidth. TS36.521-1
Note 3: For the DL signal one sided dynamic OCNG Pattern OP.1 FDD/TDD is used.


1) Set initial position of DUT with respect to probe antenna.

2) Set up eNode B conditions defined in Table B.4.3-1, as per section 7.3.4.1 of 3GPP TS36.521-1.

3) Set the downlink signal level to REFSENS + 45 dB, above reference sensitivity level of DUT.

4) Inner loop power control shall be enabled for the uplink.

5) Establish an LTE connection according to 3GPP 36.521-1 section 7.3.4.2 of of TS36.521-1.
6) Enable the DUT to measure complex antenna pattern data, Received Signal Strength (RSS) and phase, for each DUT receive antenna.

7) Rotate the DUT/antenna probe to measure complex antenna pattern data over a spherical space around the DUT.  Data points are taken every 3 degrees in theta (θ) and phi (φ).
8) Linearize the RSS pattern measurements using the procedure in section 6.16.2 of the CTIA Test Plan for Mobile Station Over the Air Performance, v3.0. The downlink signal strength in shall be adjusted as needed. 

9) Extract the measured complex antenna pattern data per each measured theta (θ) and phi (φ) position. 
10) Calculate the antenna correlation coefficient (e. For each theta (θ) and phi (φ), indexed as i and j for discrete elevation and azimuth positions, the antenna correlation coefficient, (e can be calculated using the following expressions:

For antenna pair (1, 2), 
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Where:

· XPR = cross-polarization ratio (PV/PH)         
· P ( and P( are the incident field power densities from the assumed channel model    

· (( and (( are the measurement angular increments

· N( and N( are the number of angular measurement points in ( and ( assuming the measurement is made over a sphere of angles.

· ( varies from 0 to (, and ( varies from 0 to 2 (.
And the the antenna correlation coefficient is  
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--- End Text Proposal ---
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