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1. Introduction
Device positioning during MIMO OTA test for various UE form factors was discussed in RAN4#66 and [1] was agreed. This contribution makes a text proposal for TR [2] to capture the agreements from [1].
Following three proposal were agreed in RAN4#66 [1].
Proposal 1: A laptop ground plane phantom is used for radiated MIMO OTA performance measurements in case of plug-in DUT like USB dongles as defined in TR 25.914 sub clauses 5.1.3 and 5.1.4.

Proposal 2: LEE Notebook PC’s shall be tested in free space configuration.

Proposal 3: Browsing mode testing method is used for MIMO OTA performance measurements in case of handset types of UE form factors as defined in TR 25.910 sub clause 5.1.7.

2. References

[1] R4-130424, DUT positioning in MIMO OTA tests, Nokia Coporation, RAN4#66 St. Julian’s, Malta
[2] TR 37.977 V0.4.0, Verification of radiated multi-antenna reception performance of User Equipment (UE)
******************* Start of the text proposal for TR 37.977 ****************************************
9
Reference Antennas and Devices Testing

9.1
Reference Antennas design
<Editor: Text to be added>

9.2
Reference Devices

9.3
Description of Tests with Reference Antennas and Devices
9.3.1
The Absolute Data Throughput Comparison Framework
9.3.1.1
Introduction

In an effort to compare different MIMO OTA methodologies’ results to conducted results under the implementations of channel models defined in Section 8.2, the absolute data throughput comparison framework has been defined.  By utilizing the reference antennas (Section 9.1) and reference devices (Section 9.2), this framework shall be used to compare each MIMO OTA testing method’s ability to emulate the specified network and channel propagation characteristics based on an absolute data throughput metric.

The framework consists of a set of conducted (Figure 9.3.1.1-1) and radiated (Figure 9.3.1.1-2) measurements of MIMO throughput (Section 5.1.1).
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Figure 9.3.1.1-1: Method of measuring the conducted absolute throughput reference performance
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Figure 9.3.1.1-2: Method of measuring the absolute radiated data throughput metric with the reference antennas

The following sub-sections define the antenna pattern data format, emulation of antenna pattern rotation, absolute data throughput measurement enabler, and the output data format.
9.3.1.2
Antenna Pattern Data Format
The antenna pattern data format—used in the conducted portion of the measurements—shall be in the 3D AAU format as defined by COST IC1004 [14].  Table 9.3.1.2-1 and 9.3.1.2-2 below illustrates the header structure with a sample data set respectively.
Table 9.3.1.2-1: Auxiliary informational header

[image: image3.emf]
Note: A semicolon should be used as a delimiter in the header.
Table 9.3.1.2-2: 3D AAU file format example
	%
	750; MHz; 1; G; DB 

	%
	Theta [deg];
	Phi [deg];
	Abs G [dB];
	GTh [dB];
	phase Th [deg];
	GPh [dB];
	phase Ph [deg]

	%
	File version 1.0

	
	0.0000000e+00
	0.0000000e+00
	-7.1488243e+00
	-8.8275753e+00
	2.9473810e+02
	-1.2089176e+01
	2.9741836e+02

	
	5.0000000e+00
	0.0000000e+00
	-5.9290614e+00
	-6.9276561e+00
	2.8631853e+02
	-1.2802746e+01
	2.9300649e+02

	
	1.0000000e+01
	0.0000000e+00
	-4.6884986e+00
	-5.2974347e+00
	2.8098081e+02
	-1.3521536e+01
	2.8790096e+02

	
	1.5000000e+01
	0.0000000e+00
	-3.5323323e+00
	-3.9212541e+00
	2.7745182e+02
	-1.4204563e+01
	2.8204220e+02

	
	2.0000000e+01
	0.0000000e+00
	-2.4979324e+00
	-2.7615381e+00
	2.7503474e+02
	-1.4797363e+01
	2.7547303e+02

	
	2.5000000e+01
	0.0000000e+00
	-1.5926370e+00
	-1.7843443e+00
	2.7333007e+02
	-1.5239593e+01
	2.6841058e+02

	
	...
	...
	...
	...
	...
	...
	...


In this table we further define the following parameters:

•
Position 1 on Line 1 shall indicate the measurement frequency.

•
Position 2 on Line 1 shall indicate the frequency units to be MHz.

•
Position 3 on Line 1 shall indicate the antenna index 1 or 2.

•
Antenna index is defined as:  antenna index 1 defined as left antenna (portrait front view, from RF enclosure side), antenna index 2 defined as right antenna (portrait front view, from RF enclosure side)

•
Position 4 on Line 1 shall be G.

•
Position 5 on Line 1 shall be dBi

•
Positions 3, 4, and 6 on Line 2 shall describe the measured gain in dBi.

The file name format shall be defined as “(lab acronym)_(antenna serial number)_CTIA_MIMO 2x2_Band(B7, B13..Bxx)_(Good, Nominal, or Bad)_Ant(1 or 2).3daau”.
Based on experiments taken with low (<1GHz) and high (>1.8GHz) frequency band antennas, the magnitude of the complex correlation coefficient generated from measured data remains unchanged from higher resolution antenna pattern measurements up to 15 degrees resolution in theta and phi orientations.  To align with current COST IC1004 TWGO MIMO OTA topic group proposed resolution for 3D MIMO OTA complex radiation pattern  measurements, the antenna pattern measurement step size in theta and phi shall be no more than 5 degrees. In the specific case of 2D measurements theta is fixed at 90 degrees.
9.3.1.3
Emulation of Antenna Pattern Rotation
For the conducted portion of the absolute data throughput framework, it is necessary to generate the spatially filtered channel impulse response per polarization and then combine to generate the emulated channel impulse response coefficients.  The measured antenna pattern shall be interpolated to match the spatial resolution of the angles of arrival of the SCME channel emulator (this value is typically 1 degrees).  Figure 9.3.1.3-1 below illustrates an example of this procedure using a simplified antenna pattern and channel PAS.
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Figure 9.3.1.3-1: Rotation of antenna pattern over azimuth positions

In general, the emulation of antenna pattern rotation is specific to the channel model.  For 2D channel models antenna pattern rotation shall be performed over 360 degrees in 30 degree steps (12 total positions).  For other channel models this process is FFS.

A spatial filtering operation alone does not capture the behaviour of the 2D channel model as a function of DUT rotation. Figure 9.3.1.3-2 below illustrates the geometric parameters of the 2D channel model [15] for two DUT rotations.
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Figure 9.3.1.3-2: (a) 2D channel model geometric parameters for MS array direction = 0 degrees; (b) MS array direction = 60 degrees

For a given rotation of the DUT, the angle of the MS array relative to the cluster angles of arrival changes.  Thus, MS array rotation together with the spatial filtering operations described above is necessary to emulate the conducted portion of the framework properly.  Doppler spread, which is a function of the MS direction of travel relative to the channel model clusters’ angles of arrival, shall remain the same for all rotations of the DUT.
This process may be automated with channel emulator control software or performed manually.  The output data format is described in Section 9.3.1.5.

9.3.1.4
Absolute Data Throughput Measurement Enabler
The fundamental enabler for the adoption of the Absolute Data Throughput metric is the ability to apply the complex radiation pattern to the channel for the conducted portion of the test.  Such conducted measurements can be performed manually; however, without an application (SW) to rotate the loaded antenna complex radiation pattern, the measurement may become very time consuming and prone to human errors.  Automation of this process is highly recommended.
9.3.1.5
Output Data Format

A unified data format for recording the conducted and radiated test results by each lab is defined in Tables 9.3.1.5-1 and 9.3.1.5-2 below.
Table 9.3.1.5-1: Conducted measurement data table format

	Absolute data throughput: conducted measurement data
	
	
	
	

	ID
	<measurement ID>
	
	
	

	Lab info
	<lab name, location, chamber ID>
	
	
	

	Date
	<YYYY-MM-DD>
	
	
	

	eNodeB emulator
	<manufacturer name, model number, serial number>
	
	
	

	eNodeB emulator version
	<hardware and firmware version numbers>
	
	
	

	eNodeB test application name and version
	<test application name and version>
	
	
	

	eNodeB ant config
	Sec 7.2 in 37.977
	
	
	

	eNodeB PHY config
	Sec 7.1 in 37.977
	
	
	

	Band
	<band num>
	
	
	

	DL channel
	<channel num
	
	
	

	UL channel
	<channel num
	
	
	

	RMC
	<R.11 or R.35>
	
	
	

	Transmission Mode
	<TM2 or TM3>
	
	
	

	Num subframes per SNR pt
	
	
	
	

	Channel emulator
	<manufacturer name, model number, serial number>
	
	
	

	Channel emulator version
	<hardware and firmware version numbers>
	
	
	

	Channel model config
	Sec 8.2 in 37.977
	
	
	

	Channel model
	<UMi, UMa, etc>
	
	
	

	Emulated vehicular speed
	<speed in km/h>
	
	
	

	Reference antenna classification
	<good, nominal, or bad>
	
	
	

	Ant1 pattern
	<filename of reference antenna data as described in Sec 9.3.1.2>
	
	
	

	Ant2 pattern
	<filename of reference antenna data as described in Sec 9.3.1.2>
	
	
	

	UE manufacturer
	<manufacturer name>
	
	
	

	UE model
	<model name>
	
	
	

	UE ID
	<IMEI and possible additional unique ID number>
	
	
	

	Max theoretical throughput
	<kbps>
	
	
	

	Num theta positions
	Sec 9.3.1.3 in 37.977
	
	
	

	Theta positions
	Sec 9.3.1.3 in 37.977
	
	
	

	Num phi positions
	Sec 9.3.1.3 in 37.977
	
	
	

	Phi positions
	Sec 9.3.1.3 in 37.977
	
	
	

	Test plan name and version
	
	
	
	

	Comments
	
	
	
	

	Test points per single position below
	Skip if not applicable
	
	 
	 

	Theta (deg)
	Phi (deg)
	RS EPRE (dBm/15 kHz)
	DL SNR (dB)
	DL TPT (kbps)

	90
	0
	r_max
	s_max
	TPT_max

	...
	...
	…
	...
	...

	90
	0
	r_1
	s_1
	TPT_1

	90
	0
	r_2
	s_2
	TPT_2

	...
	...
	…
	...
	...

	90
	0
	r_min
	s_min
	TPT_min

	90
	30
	r_max
	s_max
	TPT_max

	...
	...
	…
	...
	...

	90
	30
	r_1
	s_1
	TPT_1

	90
	30
	r_2
	s_2
	TPT_2

	...
	...
	…
	...
	...

	90
	30
	r_min
	s_min
	TPT_min

	Spatial average results below
	
	
	
	

	RS EPRE (dBm/15 kHz)
	DL SNR (dB)
	AVG DL TPT (kbps)
	Comments
	

	r_max
	s_max
	TPT_max
	
	

	…
	...
	...
	
	

	r_1
	s_1
	TPT_1
	
	

	r_2
	s_2
	TPT_2
	
	

	…
	...
	...
	
	

	r_min
	s_min
	TPT_min
	
	


Table 9.3.1.5-2: Radiated measurement data table format

	Absolute data throughput: radiated measurement data
	
	
	
	

	ID
	<measurement ID>
	
	
	

	Lab info
	<lab name, location, chamber ID>
	
	
	

	Date
	<YYYY-MM-DD>
	
	
	

	Test methodology
	
	
	
	

	eNodeB emulator
	<manufacturer name, model number, serial number>
	
	
	

	eNodeB emulator version
	<hardware and firmware version numbers>
	
	
	

	eNodeB test application name and version
	<test application name and version>
	
	
	

	eNodeB ant config
	Sec 7.2 in 37.977
	
	
	

	eNodeB PHY config
	Sec 7.1 in 37.977
	
	
	

	Band
	<band num>
	
	
	

	DL channel
	<channel num
	
	
	

	UL channel
	<channel num
	
	
	

	RMC
	<R.11 or R.35>
	
	
	

	Transmission Mode
	<TM2 or TM3>
	
	
	

	Num subframes per SNR pt
	
	
	
	

	Channel emulator
	<manufacturer name, model number, serial number>
	
	
	

	Channel emulator version
	<hardware and firmware version numbers>
	
	
	

	Channel model config
	Sec 8.2 in 37.977
	
	
	

	Channel model
	<UMi, UMa, etc>
	
	
	

	Emulated vehicular speed
	<speed in km/h>
	
	
	

	Reference antenna classification and serial number
	<(good, nominal, or bad)_SN>
	
	
	

	Ant 1
	<Tx/Rx port of the UE>
	
	
	

	Ant 2
	<Rx port of the UE>
	
	
	

	UE manufacturer
	<manufacturer name>
	
	
	

	UE model
	<model name>
	
	
	

	UE ID
	<IMEI and possible additional unique ID number>
	
	
	

	Max theoretical throughput
	<kbps>
	
	
	

	Num theta positions
	<if applicable>
	
	
	

	Theta positions
	<if applicable>
	
	
	

	Num phi positions
	<if applicable>
	
	
	

	Phi positions
	<if applicable>
	
	
	

	Configuration of testing antennas in chamber
	<detailed description>
	
	
	

	Test plan name and version
	
	
	
	

	Comments
	
	
	
	

	Test points per single position below
	Skip if not applicable
	
	 
	 

	Theta (deg)
	Phi (deg)
	RS EPRE (dBm/15 kHz)
	DL SNR (dB)
	DL TPT (kbps)

	90
	0
	r_max
	s_max
	TPT_max

	...
	...
	…
	...
	...

	90
	0
	r_1
	s_1
	TPT_1

	90
	0
	r_2
	s_2
	TPT_2

	...
	...
	…
	...
	...

	90
	0
	r_min
	s_min
	TPT_min

	90
	30
	r_max
	s_max
	TPT_max

	...
	...
	…
	...
	...

	90
	30
	r_1
	s_1
	TPT_1

	90
	30
	r_2
	s_2
	TPT_2

	...
	...
	…
	...
	...

	90
	30
	r_min
	s_min
	TPT_min

	Spatial average results below
	
	
	
	

	RS EPRE (dBm/15 kHz)
	DL SNR (dB)
	AVG DL TPT (kbps)
	Comments
	

	r_max
	s_max
	TPT_max
	
	

	…
	...
	...
	
	

	r_1
	s_1
	TPT_1
	
	

	r_2
	s_2
	TPT_2
	
	

	…
	...
	...
	
	

	r_min
	s_min
	TPT_min
	
	


9.4
Device positioning

9.4.1 Handheld  UE
Handheld UE is a device which is primarly used in a handgrip like normal mobile/smart phones.
Browsing mode testing method is used for MIMO OTA performance measurements in case of handheld types of UE form factors as defined in TR 25.914 subclause 5.1.7.
9.4.2 Laptop mounted equipment (LME) 

Laptop mounted equipment (LME) type UE is a plug-in device that hosts on the laptop (like USB dongles).
A laptop ground plane phantom is used for radiated MIMO OTA performance measurements in case of LME plug-in DUT as defined in TR 25.914 subclauses 5.1.3 and 5.1.4.
9.4.3 Laptop embedded equipment (LEE) 
Laptop embedded equipment are notebook PC’s or tablets.
A notebook PC is a portable personal computer combining the computer, keyboard and display in one form factor. Typically the keyboard is built into the base and the display is hinged along the back edge of the base. The largest single dimension for a notebook is limited to 0.42 m.

As notebooks are not body worn equipment nor recommended for use placed directly on the lap, the notebook shall be tested in a free space configuration without head and hand phantoms. 

LEE Notebook PC’s shall be tested in free space configuration as defined in TR 25.914 subclauses 5.3.1.
Tablet positioning is FFS.
