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1. Introduction

This is a revision of R4-110644 required by the approval of R4-111616. The section B.2.4 has been taken out. The details for the LTE MIMO round robin test are not detailed enough in Annex B of TR 37.976. In addition a minor editorial modification has been made to remove the models of the round robin devices, and a recommendation for external antennas has been added. This document defines missing parameters and tries to get sufficient details for the test.

Some additional additions to the abbreviations sections of the TR are proposed.
--- Text Proposal starts ---
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AoA
Angle of Arrival

AoD
Angle of Departure

BS
Base Station
BSE
Base Station Emulator
BTS
Base Transceiver Station

COST
Cooperation of Scientific and Technical

CTIA
Cellular and Telecommunication Industry Association
DL
Downlink
DUT
Device Under Test 
FRC
Fixed Reference Measurement Channel

FTP
File Transfer Protocol

HSPA
High Speed Packet Access 
HTTP
HyperText Transfer Protocol

LTE
Long Term Evolution
MCS
Modulation and Coding Scheme
MIMO
Multiple Input Multiple Output

OTA
Over-the-Air

SCM
Spatial Channel Model

SCME
Spatial Channel Model Extension

SI
Study Item
SISO
Single Input Single Output
SNR
Signal-to-Noise Ratio
SS
System Simulator 
TBS
Transport Block Size

TTI
Transmission Time Interval
UE
User Equipment
UDP
User Datagram Protocol 
UL
Uplink
VRC
Variable Reference Measurement Channel

--- 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. 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 . An anechoic chamber of sufficient size (
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) m is used and this will vary from lab to lab. The uplink signal amplifier is required to ensure good isolation between Tx and Rx port of eNodeB emulator.
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Figure B.2-1: Anechoic-chamber based methodologies

Figure B.2-2 shows the setup for the reverberation-chamber based methodologies. One or more measurement antennas can be used to transmit the RF signals to the DUT. The DUT is fixed in a position inside the chamber. The mode stirrers are used to create scattering waves that mimic certain propagation conditions. The uplink antenna is used to establish active communication link between the eNodeB emulator and the DUT.
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Figure B.2-2: Reverberation-chamber based methodologies

For the two-stage methodologies shown in Figure B.2-3, this method divides the MIMO OTA test into two stages:
1) Measure the device antenna pattern inside an anechoic chamber. In order to accurately measure the antenna pattern of the intact device, the chipset needs to support amplitude and relative phase measurements of the antennas. Section B.4.3 gives a description on how to measure each antenna element’s pattern using a non-intrusive method.
2) Use a commercial MIMO channel emulator to convolve the measured antenna pattern with the desired channel model to provide the stimulus for a conducted throughput test on the DUT.

The chamber for antenna pattern measurement is set up as described in Annex A.2 of [4], where the DUT is put into a chamber and each antenna element’s far zone pattern is measured. The influence of human body loss can be measured by attaching the DUT to a SAM head and or hand when doing the antenna pattern measurements. The antenna pattern can be measured using non-intrusive methods as described in B.4.3.  The integrated channel model with both MIMO antenna effect and the multipath channel effect can then be emulated with a commercial MIMO channel emulator. The Node B emulator is connected to the MIMO channel emulator and then to the MIMO device’s temporary antenna ports via approved RF cables. These ports are the standard ones provided for conducted conformance tests. By controlling the power settings of the channel emulator and also the integrated channel model, the end-to-end throughput with the MIMO antenna radiation influence can be measured.
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Figure B.2-3: Two-stage based methodology Test Setup

NOTE: Detailed test setup should be presented together with the measurement results. 
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Figure B.2.4: Test setup for antenna pattern measurement in anechoic chamber

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 or test parameters in Table B.2.1-1 must be measured.
Table B.2.1-1: Figure of Merits
	Category
	I

	FOMs
	MIMO Throughput

CQI

(FRC)

	Type
	OTA

	Methodology
	Active

(with fading)


CQI – Channel Quality Indicator (This FOM is optional but where possible it should be measured)

From the FOMs, the second-order statistics can also be derived to assess the OTA performance of the DUT. For OTA throughput, the PDF and CDF of throughput should be generated. 



	
	
	
	
	
	

	
	


	

	


	

	



	
	
	
	
	
	

	
	

	

	

	

	




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).

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). 

For the round robin measurement campaign, measurements have to be done for horizontal and vertical polarization of the probe antennas. If applicable, mixing polarizations for different antennas is recommended as an additional test. This test will be especially important to verify performance for polarization diversity transmissions.
--- Text Proposal ends ---

--- Text Proposal starts ---
B.2.5
Reference DUTs Configurations

A set of reference DUTs consists of:

1) Laptops with LTE embedded modules (not yet available) 

2) LTE USB dongles 

3) [Other LTE devices with different form factors]

These DUTs are used for the purpose of round-robin measurement campaign. 

The reference DUTs shall be treated as commercial off-the-shell MIMO devices. 

The test SIM requirement to establish the communication links between DUT and the BS emulator should be provided by each proponent of methodology. The SIMs are only used to set up communication link and therefore it should not impact the measurement results. 

Note that the DUTs are usually equipped with RF connectors which allow conducted testing.
USB Dongles

For USB dongle or modem type DUTs, a laptop (non-MIMO capable) will be used to connect to them. A spare laptop will also be provided to charge up the battery. The laptop shall be battery powered during the test.

The USB dongle will be tested with the provided laptop. The lid is kept open in a 110 degree position during measurements. Use the USB port labelled for USB connection. The following power management settings should be used:
On the Dell E6400 notebook, the USB port to be used is the upper one on the left side. On the Dell D430 it is the one most to the right side.
Configurations


Settings
Turn off monitor 

never

Turn off hard disks 

never

System standby 


never

WLAN




off

Bluetooth radio 


off

For LTE USB dongles that are attached to the laptops for the purpose of measurement, the laptops shall be positioned with respect to the turn-table and anechoic chamber coordinate system as outlined in Appendix L.9 in ‎[9]. 

For LTE DUT, if the DUT is capable of 90 degrees mechanical mode, then such mechanical mode shall be used if the host laptop allows doing so. Otherwise, the horizontal (0 degree) mechanical mode shall be used.  










The support of engineering software for DUTs is not needed during the measurement process of the DUTs.

--- Text Proposal ends ---

--- Text Proposal starts ---
B.4
Test Procedure



1) 
2) 
B.4.1
Test Procedure 1

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 average channel power. The steps for doing that are shown below:

1) Set up fading test conditions defined in section B.2 and appropriate probe antenna polarizations.  

2) Establish an LTE connection according to [12] with the UE in angular position 0 degrees.

3) Ensure and check that the eNodeB emulator behaviour is according to Table B.2.4.1-1.

4) Set eNodeB emulator parameters according to Table B.2.4.1-2 depending on the DUT type. 

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


6) Adjust the average channel power 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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7) Measure the FOM and record the FOM result in Table B.4.1-1

8) 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 6.

9) Rotate the DUT by 
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 degrees and repeat steps 6 to 8 until all rotation angles have been measured

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

Table B.4.1-1: Throughput and CQI FOM result table

	Device Model
	

	Test Configuration
	

	Average channel power [dBm] 
	P1
	P2
	P3
	
	Pn

	Rotation Angle
	FOM Result

	0°
	
	
	
	
	

	45°
	
	
	
	
	

	90°
	
	
	
	
	

	135°
	
	
	
	
	

	180°
	
	
	
	
	

	225°
	
	
	
	
	

	270°
	
	
	
	
	

	315°
	
	
	
	
	

	Average
	
	
	
	
	


For comparison purposes the same test should be made using an external antenna. The connection to the modem is done by means of short cables. See figure B.4.1-1 how the mounting of the antenna shall be made.
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Figure B.4.1-1: Mounting of external antenna on USB modem

In addition a test in conducted mode has to be made with similar settings, but of course using the much smaller attenuation of the conducted setup.
--- Text Proposal ends ---
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