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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is the technical report for the study item on MIMO OTA, which was approved at TSG RAN#43 [2]. The scope of the SI is to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE. The test methodology should be relevant for HSPA and LTE technologies, with particular focus on handheld devices and devices embedded in laptop computers.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-090352, “Proposed new study item: Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals.”
[3]
TD(09) 766, COST2100 SWG 2.2, Braunschweig, Germany, Pekka Kyösti et. al. “Proposal for standardized test procedure for OTA testing of multi-antenna terminals”, Elektrobit.
[4]
3GPP TS 34.114: “User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) Antenna Performance Conformance Testing”. 
[5]
3GPP TS 25.214 (V5.11.0), “Physical Layer Procedures (FDD)”
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

H
Channel matrix

(
Adjacent probe separation angle
(
Zenith angle in the spherical co-ordinate system 

(
Azimuth angle in the spherical co-ordinate system
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].

BS
Base Station
BTS
Base Transceiver Station
COST
Cooperation of Scientific and Technical

CTIA
Cellular and Telecommunication Industry Association

DUT
Device Under Test

HSPA
High Speed Packet Access

LTE
Long Term Evolution

MIMO
Multiple Input Multiple Output

OTA
Over-the-Air

SCM
Spatial Channel Model

SCME
Spatial Channel Model Extension

SI
Study Item
SS
System Simulator
4
Introduction
4.1
Background
The use of MIMO and receiver diversity in the UE is expected to give large gains in downlink throughput performance for HSPA and LTE devices. 3GPP already defined conducted tests for MIMO and multiple antenna receivers (type 1 and type 3 in TS25.101 for HSPA demodulation), but it is clear that the ability to duplicate these gains in the field is highly dependent on the performance of the receive-antenna system. 

At TSG RAN#41, it was indicated that there is a need for a test methodology to be created with the aim of measuring and verifying the radiated performance of multi-antenna and MIMO receiver in UEs for both HSPA and LTE devices. As an outcome of the discussion, an LS was sent to COST 2100 SWG2.2 and CTIA ERP to ask them for feedback on their plans/ongoing work in this area, and also the timescales for which such work could be completed to define such a methodology, with particular focus on handheld devices and devices embedded in laptop computers.

Since then, feedback from COST 2100 and CTIA has suggested they are happy to work on this topic. However given that 3GPP is the customer for this work as well as being a potential contributor, it is important to aim for commonly-accepted measurement and test methodology to be used across the industry.
4.2
Study item objective
The high level objective of this study item is to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE. The test methodology should be relevant for HSPA and LTE technologies, with particular focus on handheld devices and devices embedded in laptop computers. 

The steps intended to achieve this involve the following:

1) Identify the performance metrics and clarify the requirements of operators for defining such a methodology.

2) Review of potential solutions also considering input from CTIA ERP and COST 2100.

3) Agree the final solution, and detail the agreed 3GPP solution in a technical report to be reported to RAN plenary.

4) Maintain ongoing communication with COST 2100 and CTIA ERP to ensure industry coordination on this topic.

TSG RAN should contact TSG GERAN to get feedback on the applicability of such a test methodology for GERAN.
5
Performance Metrics

<Editor: list down the essential parameters to be measured, metrics of measuring OTA performance>
6
Methodologies based on Anechoic RF Chamber
 An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antenna probes located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices.
This section describes the methodologies based on Anechoic RF Chamber, where a number of test antennas are located in different positions of the chamber, and the device under test (DUT) is located at center position. The DUT is tested over the air without RF cables.

6.1
Candidate Solution 1

 An Anechoic Chamber technique is defined, consisting of a number of source elements surrounding the DUT to create a realistic geometric based spatio-temporal radio channel for testing MIMO performance.  This is illustrated in Figure 6.1-1.

By utilizing specific geometries of the test probes in the chamber, a range of possible channels are emulated.  The exact number and positioning of the source antenna probes will be fixed in a final design; however they may be optimized for the best performance when the OTA channel models are defined.  In other words, depending on the types of channel models required and the range of parameters needed for testing, the number of probes may be optimized to produce the best performance with the fewest number of probes.  For example, based on the range of channels defined by the SCM, SCME, Winner I & II channel models, the optimized number of probes may vary from 6 to 8 for a given polarization.  In general, the most flexible configurations require the higher number of probes. 

Azimuth spread is created by energizing sets of probes separated in azimuth with signals that will combine over the air at a specific delay to emulate a path or cluster.  Elevation spread may be created by installing probes at different elevations, however doing this tends to constrain their flexibility.
The components of the solution include:  

· Anechoic Chamber 

· System Simulator (SS) 

· N channel RF emulator, with OTA Channel Generation Features 

· N antenna elements configured with V, H or co-located V&H or slant X polarizations

· K azimuthally separated antenna positions with predefined angles at radius R

· Channel Model definition for each test case
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Figure 6.1-1: N-Element Anechoic Chamber Approach (Absorbing tiles and cabling not shown)
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Figure 6.1-2: OTA System Level Block Diagram

A system level block diagram is shown in Figure 6.1-2, which includes the SS to generate the M branch MIMO signal, and an RF Channel Emulator with an OTA Channel Generation Feature to properly correlate, fade, scale, delay, and distribute the signal to each test probe in the chamber. 

For research purposes, a range of possible channel models and parameterizations will be used to specify the most generic and versatile antenna test probe configuration.  For performance and conformance testing, the channel model is expected to be limited in scope or simplified, which may allow an optimized design to reduce the number of test probes required.  Thus the number of test probes will be selected to best meet the requirements of the test so that the most efficient and economical design can be achieved.
6.1.1
Concept and Configuration
6.1.1.1
Emulating Spatial Channels
Spatial channel models, including SCM, SCME, Winner I & II, and ITU-A, were developed from measured data, and attempt to preserve the measured behavior of the channel at the path (cluster) level, including spatial, temporal, polarization, and delay characteristics. A practical MIMO OTA method is proposed utilizing a technique for reproducing the spatial characteristics of a narrow angle spread signal with a reduced number of antenna probes.  This technique uses pre-faded signals at each probe wherein the power-adjusted signals from the multiple probes, i.e. typically 2-4, are combined over the air to produce an accurate narrow angle spread representation of the signal for each delay.  This technique is able to maintain its close match to an ideal narrow angle spread signal even for severe antenna variations.

The spacing of the antenna probes in the chamber are constrained by the range of angle spreads being emulated, and therefore the channel model is a key determining factor in optimizing an OTA chamber design.  For the angle spreads defined by SCM, SCME, Winner I & II, and the ITU-A channel models, the number of probes may vary from 6 to 8 for a given polarization.  In general, the most flexible configurations will tend to require the higher number of probes.
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Figure 6.1.1.1-1: Angle Separation between Adjacent Test Probes
The probe separation angle, ( used in the Chamber design, shown in Figure 6.1.1.1-1, will be defined in conjunction with the channel models as described below.  In general, the angles will not be exact even integer fractions of pi, to avoid symmetries.  i.e. exact symmetry will produce convergence problems due to correlated Doppler, e.g.  
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6.1.1.2
Joint Selection of a Channel Model and a Chamber Design
Since link modeling is usually associated with a single “drop” or single “channel realization” from the channel model, a few specific channel realizations will need to be specified and standardized for evaluation purposes.  From a testing standpoint, only a few channel realizations will be measured in an OTA performance/conformance system, and therefore these channels may be chosen to align with probe locations within an optimized chamber design.  

Specifically, since the chamber layout has probes at specific angles, and since most spatial channel models draw channel AoAs randomly from specified distributions, it is reasonable that specific AoAs are chosen to align with the chamber layout for these few test channels.  

For research purposes, a more generic OTA chamber design is possible, but generally at the cost of having the maximum number of probes.  Also, there is a trade-off in modeling signals with arbitrary AoA while controlling the signals Angle Spread at the same time.  By selecting specific AoAs within a valid channel realization, a more precise AS can be obtained.  Thus performance of the OTA design is closely tied to the channel modeling assumptions used, and can be specified more completely when the channel model and it’s associated parameters are specified.
6.1.2
Test Conditions

For performance and conformance testing purposes, only a small number of channel realizations is practical due to the complex and time consuming nature of the OTA measurements.  Based on this, it is reasonable to define a range of conditions for testing that can be represented in 2-3 channel realizations.  It is anticipated that these channel realizations would represent a Low, Medium, and High correlation cases, which generally align to the ability of the channel to support MIMO operation. 

These channels may also be used to optimize the design and layout of the chamber to reduce the number of probes and achieve the most efficient and cost effective design.
6.2
Candidate Solution 2

The MIMO OTA test setup is composed of a number of OTA chamber antennas, a multidimensional fading emulator, an anechoic chamber, communication tester / BS emulator and a device under test (DUT). The following figure depicts an example of the OTA concept. The purpose of the figure is not to restrict the implementation, but rather to clarify the general idea of the MIMO OTA concept. For simplicity, uplink cabling is not drawn here.
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Figure 6.2-1: Example of MIMO/Multiantenna OTA test setup (Uplink signal path omitted in the figure)
The DUT is located at center of the anechoic chamber. The idea of locating DUT into center provides a possibility to create a radio channel environment where the signal can arrive from various possible directions simultaneously to the DUT. This is the key aspect of the wideband MIMO radio channel models implemented today. 

The proposed test setup is composed of a transmitter, a multidimensional radio channel emulator, an anechoic chamber equipped with OTA antennas and a DUT with multiple antennas. The crucial challenge is to generate realistic angular and polarization behavior within the anechoic chamber. The family of geometry-based stochastic channel models (GSCM) is well suitable for MIMO OTA testing. The GSCM include 3GPP SCM, SCME, WINNER and IMT-Advanced channel models. This angular and polarization behavior creates appropriate correlation at the DUT antennas. The correlation is defined implicitly via the per-path angle of arrival and real antennas. Correlation matrix based model is not suitable for this, because it includes the antenna information in the model itself.

Geometry based channel modeling methodology models BS and UE antenna arrays and the propagation between them (including angular power spectra). The parameters that are included are Doppler, Angle of Arrival, Angle of Departure, delay and polarization. The parameters are based mainly on measurements. The measurements define certain statistics and radio channel realizations are then created by these statistical properties.

The geometrical models are divided in to three parts:

5) BS antenna arrangement and the angular power spectrum as well as the AoD from the BS are modeled in the channel emulator.

6) AoA is created by dividing the appropriate clusters based on their original AoA to corresponding OTA antennas. The user terminal is not physically in a motion, thus the fading and Doppler spectrum are built in the channel model.

7) The angular power spectrum at DUT is created by radiating the signal from multiple OTA antennas. 

UE (DUT) antenna characteristics are assumed unknown. In other words we do not use this information in the OTA modeling.

6.2.1
Concept and Configuration

The idea of the MIMO OTA modelling is that the geometric channel models are mapped into the fading emulator. The mapping process covers all the required mathematics when converting the traditional geometric channel model to fading emulator tap coefficients as well as the calibration. The modeling process is shown in Figure 2.
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Figure 6.2.1-1: Modelling process
The setup of OTA chamber antennas with eight antenna elements is depicted in Figure 6.2.1-2. DUT is at center and the antennas are on a circle around DUT with uniform spacing (e.g. 45( with 8 elements). Let us denote directions of K OTA antennas with (k, k = 1, …, K, and antenna spacing in the angle domain with ((. Each antenna is connected to a single fading emulator output port. If single antenna BS is considered the fading emulator configuration is 1x8 SIMO, with two BS antennas 2x8 MIMO etc. If dual polarized OTA antennas are used like in Figure 6.2.1-3 the fading emulator configuration will be with 1 BS antenna 1x16 SIMO, with two BS antennas 2x16 MIMO etc. In the figure for example antenna A1V denotes the first OTA antenna position and vertically (V) polarized element, A8H denotes the eight OTA antenna position and horizontally (H) polarized element, etc.
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Figure 6.2.1-2: OTA chamber antenna setup with eight uniformly spaced chamber antennas
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Figure 6.2.1-3: OTA chamber antenna setup with eight uniformly spaced dual polarized chamber antennas. In the drawing the V-polarized elements are actually orthogonal to the paper (azimuth plane)
6.2.2
Test Conditions
This candidate solution supports testing of different figure of merits. It is also applicable for any 3GPP Release, and even for other standards. It supports different channel models from SCM to IMT-Advanced. Due to its generality, it does not restrict the test conditions. However, for simplicity, it is good to start from downlink throughput testing.

The downlink throughput testing can be done e.g. in following manner.

BS transmits signal through a radio channel emulator. This signal is routed to several antennas in anechoic chamber. The DUT is placed at center of the chamber and the performance is measured from the DUT.
· OTA antennas are located symmetrically around the DUT antennas.

· The number of OTA antennas is ( 8

· For dual polarized case the number of OTA antennas is (16 

· The circular geometry is needed because we need signal from many directions at the same time (requirement from the channel models)
The test steps can be, e.g., according to [3] or as follows:
1) Calibrate the full system with a test signal.

2) Set the first test case (e.g. channel model) to the fading emulator.

3) Generate test signal by the communication tester / BS emulator. 

4) Measure the DUT performance (downlink throughput). 

5) If the performance exceeds the specified limit, the DUT passes the test case.

6) If all test cases done, go to step 7. Otherwise, set the next test case (e.g. channel model) to the fading emulator and go back to step 3.

7) If DUT passed all the test cases, the DUT passes the full MIMO OTA test. 

8) If DUT failed in at least one test case, the DUT failed the full MIMO OTA test.

9) 6.3
Candidate Solution 3

The principle of two-stage MIMO OTA method is based on the assumption that the far-field antenna radiation pattern will contain all the necessary information for evaluation the antenna’s performance like radiation power, efficiency and correlation and that with channel model approaches, the influence of antenna radiation pattern can be correctly incorporated into the channel model. Thus the method will first measure the MIMO antenna patterns and then incorporate the measurement antenna patterns with chosen MIMO OTA channel models for real-time emulation. The BTS and DUT can then be connected to the real-time channel emulator through the standard temporary antenna connectors to do the test on throughput, etc., to test how the MIMO antennas will influence the performance.
10) 6.3.1
Concept and Configuration
The assumption of the two-stage MIMO OTA method is that the measured far field antenna pattern of the multiple antennas can fully capture the mutual coupling of the multiple antenna arrays and their influence. Thus to do the two-stage MIMO OTA test, the antenna patterns of the antenna array needs to be measured accurately in the first stage.

Stage 1: Test multiple antennas system in a traditional anechoic chamber. For the MIMO antenna pattern measurement, most of the test configurations are the same as that in Annex A of [4]. The DUT is placed against a SAM phantom, and the characteristics of the SAM phantom are specified in Annex A.1 of [4]. The chamber is equipped with a positioner, which makes it possible to perform full 3-D far zone pattern measurements for both Tx and Rx radiated performance. The measurement antenna should be able to measure two orthogonal polarizations (typically linear theta (() and phi (() polarizations as shown in Figure 6.3.1-1).
11) [image: image11.emf]   
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12) Figure 6.3.1-1: The coordinate system used in the measurements
Stage 2: Combine the antenna patterns measured in stage 1 into MIMO channel model, emulate the MIMO channel model with the measured antenna patterns incorporated in the channel emulator and perform the OTA test in conducted approach. There are two different approaches to combine the antenna patterns with MIMO channel model.

a) 
Apply antenna patterns to Ray-based channel models. Ray-based models are capable to support arbitrary antenna patterns under predefined channel modes in a natural way as described above. If Ray-based model like SCM model is specified to be used for MIMO OTA test, then the channel emulator needs to be able to support SCM channel model emulation and support loading measured antenna patterns.

b) 
Apply antenna patterns to correlation-based channel models. MIMO channel model. With a correlation matrix calculation method for arbitrary antenna patterns under multipath channel conditions, the correlation matrix and the antenna imbalance can be calculated and then emulated by the channel emulator. 

c) 
The MIMO OTA method based on the above mentioned two-stage method is illustrated in Figure 6.3.1-2. This method can be used to measure the following figure of merit: 


1) Throughput 


2) TRP and TRS 


3) CQI, BLER 


4) Antenna efficiency and MEG 


5) Antenna correlation, MIMO channel capacity.

The coupling between the UE antenna and internal spurious emission of the UE might be characterized during the antenna pattern measurement stage inside the chamber by lowering down the signal power and is for further research.
13) 
[image: image12]
14) Figure 6.3.1-2: Proposed two-stage test methodology for MIMO OTA test
6.X
Candidate Solution X

<Editor: Text to be added>

7
Methodologies based on Reverberation Chamber
7.1
Candidate Solution 1

 The reverberation chambers is a metallic cavity that can emulate an isotropic multi-path environment which represents a reference environment for systems designed to work during fading, similar to how the free space “anechoic” reference environment is used for tests of Line-Of-Sight systems.  The Rayleigh environment in a reverberation chamber is well known as a good reference for urban and indoor environments, but does not well represent rural and suburban environments. 

For a future Multi-antenna OTA measurement standard it is important to have a fast and repeatable test method to evaluate and compare multi-antenna devices in the environments and under the conditions where most people will use them. The overwhelming majority of calls/data connections with mobile phones are made indoors and in urban areas which can be very well represented by the reverberation chamber. These environments are well characterised by multi-path and 3D distribution of the communication signals and it makes sense to use the reverberation chamber for optimizing/evaluating devices with both single and multiple antenna configurations to be used  indoors and in urban areas.

The test setup for testing UE receiver diversity performance is composed of a base station emulator, a reverberation chamber equipped with fixed BS wall-mounted antennas, a switch to direct the base station signal to/from one of the BS wall mounted antennas, mechanical metallic stirrers and a rotating platform to hold the DUT (Figure 7.1-1). 

Reverberation chambers have no quiet zone. As long as the DUT is placed at least 0.5 wavelengths from the wall or metallic stirrers the result will be the same within the standard deviation of the chamber.

Mechanical stirrers and switching among different fixed BS wall-mounted antennas (monopoles used for polarization stirring) allow simulating the Rayleigh fading at each antenna of the terminal inside the chamber. Accuracy can even been increased by rotating the platform holding the device.

Each position of the mechanical stirrers for each position of the platform and each fixed BS antenna, represents a point of the Rayleigh distribution in terms of receive power on the device antennas. In that way a Rayleigh fading is artificially created.

In that way, several UE metrics can be measured: throughput with RX-DIV, TRP, TIS (Total isotropic sensitivity), etc.

For each point of the Rayleigh distribution created by the different configurations of the chamber, the metric is noted. This method can be used to measure UE sensitivity and UE radiated power.
[image: image13.emf] 


Figure 7.1-1: Reverberation chamber setup for devices testing [source: Bluetest AB]
7.1.1
Concept and Configuration
 In order to calibrate the reverberation chamber a broadband antenna can be used to measure the losses in the chamber with a network analyzer. This takes < 10 minutes. CTIA RCSG is working on a standard methodology for reverberation chamber calibration.

There are no active electronics in the measurement path that needs to be calibrated.

Reflections in turntables, cables, doors, etc, do not degrade accuracy. Reflections increase the richness of the channel in the reverberation chamber.

Existing studies show that low standard deviation (good accuracy) can be achieved by measuring the DUT in sufficient number of different positions and calculate the average of the values. Some analysis (see relevant references in [2]) show a typical standard deviation less than 0.5 dB at about 800 MHz, in a reverberation chamber with a size of 1.2m x1.75m x 1.8m and continuous mode stirring. At higher frequencies or with a chamber of larger dimensions the standard deviation decreases and accuracy increases.

The following figure presents an example for an HSDPA receive diversity test configuration in a reverberation chamber. 

For these tests we emulate an HSDPA call with a Node B emulator. The latter is connected to one of the 3 BS wall-mounted antennas through a switch. A fourth antenna allows measuring the DL received signal in the chamber with a spectrum analyzer.
[image: image14.emf] 


Figure 7.1.1-1: Test bench configuration for testing in reverberation chamber

In order to create a Rayleigh fading environment, we’ve got 3 types of parameters that can be set using a tool on a computer plugged to the chamber:

-
Antenna among the 3, installed at the top of the cavity with different polarizations, is chosen

-
Turning the platform that holds the DUT

-
The 2 metallic stirrers near the walls can be moved on their axes
7.1.2
Test Conditions
Once the chamber is calibrated, the downlink throughput testing can be performed as follows to get one throughput averaged measurement:

•
The DUT is placed in the chamber at least 0.5 wavelengths from the wall or from the metallic stirrers

•
An HSDPA call is emulated using the NodeB emulator with a pre-defined BS TX power.

•
To get one measurement sample we set up one of the following possible combinations: position of the rotating platform {0, (/2, (, 3(/2, etc.} + position of the metallic stirrers {0, 25, 50, 75, 100, etc.} + antenna from {1, 2,  3}. 

•
For each one of these combinations we can record CQI, DL Throughput and DL Power in the chamber. The latter is measured using a fourth antenna and a spectrum analyzer. This constitutes one measurement sample. For each measurement sample, the link adaptation is performed manually or automatically on the NodeB emulator as follows: the HS-DSCH is configured (modulation, transport block size, number of HS-DSCH) depending on the CQI (Channel Quality Indicator) reported by the UE (User Equipment) according to the mapping table in [5].

•
Once enough different DL throughput measurement samples (ideally ≥ 100), corresponding to different Antenna, rotating platform's position and stirrers' position combinations, are recorded for the same NodeB emulator DL TX power, they can be averaged to have the averaged DL throughput measurement.

The test duration can be significantly reduced if all these steps are automated. With a variable reference channel (VRC) and continuous mode stirring total measurement time of less than 10 minutes could be possible.
7.x
Candidate Solution X

<Editor: Text to be added>

8
Conclusions
<Editor: this section contains the outcome of various candidate methods, compare them against the criteria>

9
Recommendations

<Editor: this section contains the preferred choice of method to be considered for standardisation>
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Channel Emulator with Real Antenna Influence
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Multipath fading with radiated antenna model
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