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Introduction

The Study on MIMO OTA antenna test function for LTE (UID 640017) FS_LTE_MIMO_OTA_ATF has started and the following document is the skeleton TR 36.978 for approval as the baseline document. This skeleton provides the context for the antenna test function (ATF) but none of the technical details which will follow in separate text proposals to sections 5, 6 and 7.
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Foreword

This Technical Specification 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
This clause shall start on a new page.

The present document contains the findings of the Study Item (FS_LTE_MIMO_OTA_ATF) to describe the antenna test function for the two-stage MIMO OTA test method.
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]
3GPP TR 37.977: “Verification of radiated multi-antenna reception performance of User Equipment (UE)”

[3]
3GPP TS 36.509: “Special conformance testing functions for User Equipment (UE)”

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 [1].

3.2
Symbols

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

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].

ATF
Antenna Test Function
RSAP
Reference Signal Antenna Power

RSARP
Reference Signal Antenna Relative Phase
4
Background

TSG RAN WG4 has been studying methods for testing the radiated performance of MIMO devices. This work culminated in Release 12 with the publication of TR 37.977 [2]. This TR defined four testing methodologies:

· Anechoic Chamber Multi-Probe
· Reverberation Chamber
· Reverberation Chamber + Channel Emulator
· Two-stage method (radiated)
For the two-stage method the following was noted in TR 37.977 subclause 12.3.1.4:

It shall be noted that use of the two-stage method for conformance test depends on the specification of a UE antenna measurement function which is not part of this work item [that is UID 550116].
An outline of the antenna test function (ATF) is given in TR 37.977 subclause 6.3.1.3 but the formal specification of the test function was outside the scope of the previous work item. A new study item has been approved at RAN #64 to develop the description of the ATF (FS_LTE_MIMO_OTA_ATF) in this present TR.
4.1
Study item objective
The objective of this study item is to define, in a stand-alone document, the behavioural aspects of the antenna test function, ahead of this definition being specified in [3] at a time when radiated MIMO conformance tests have been drafted. Until that time this TR will serve as the definition of the ATF for the purposes of developing the two-stage MIMO OTA test method.  The only anticipated change in [3] as a result of the study item will be the addition of an informative note to reserve message types for future use. This will ensure that the definition in this TR can be transferred into [3] in the future without any dependency on other possible additions to [3] beforehand. 
Any use of "shall" or "must" in the definition is used for clarification to indicate that the function, and/or result may not be as expected if the indicated "shall" or "must" item is not used or followed. The use of "shall" or "must" in the definition is not meant to imply a specific UE requirement.
4.2 
Overview of the two-stage method and motivation for the Antenna Test Function
The overall description of the two-stage method can be found in subclause 6.3.1.3 of [2]. Conventional anechoic OTA test methods emulate a 2D or 3D field representing the desired spatial channel model. This involves the use of multiple probes. The two-stage method takes a different approach using a first stage of antenna pattern measurement followed by a second stage of throughput measurement using a signal generated by convolving the device’s complex antenna pattern with the desired spatial channel model. This results in a test method that can be implemented using only two probes. See table 12.4-1 of [2] for a fuller comparison of the approved test methods.

Central to the two-stage method therefore is the need to obtain, without impairment, the complex UE antenna pattern as seen by the UE receiver. Traditional methods of measuring antennas are intrusive and require modification of the device to connect cables. The resulting patterns will have been disturbed by the intrusion and cannot be considered valid.  It is important to note that any errors in estimating the magnitude and phase of the complex UE antenna pattern translate to an error in the final MIMO OTA performance metric.
To get round this problem a method for non-intrusive measurement of the UE receive antenna patterns was developed and described in [2]. It has been shown in a dual receiver device that by measuring the gain of each antenna and the relative phase between the antennas at successive angles of arrival that the complex antenna pattern can be constructed for either a 2D cut or a more comprehensive full 3D measurement. The need to measure the received amplitude and relative phase is what motivates the need for the ATF. Existing UE measurements such as Reference Signal Received Power (RSRP) go a long way to providing a mechanism for power measurement however there is no equivalent UE measurement defined for relative phase.

This led to the proposal to define two new UE measurements for amplitude and relative phase, tailored specifically to enable UE antenna pattern measurement as part of future conformance testing. Consequently, these new measurements are quite distinct from the traditional UE measurements used in the radio access network (RAN) for radio resource management (RRM) functions in the following ways:

· Use and access strictly limited to UE conformance testing purposes (no RAN use)

· Support is optional and will determine applicability of any two-stage test cases

· Enabled through presence of a test USIM

· No impact on existing physical layer UE measurement reporting capabilities – these antenna test function measurements will not be accessible during normal network operation

· Intended operating conditions, non-faded with high SINR

The new amplitude measurement is called Reference Signal Antenna Power (RSAP) and is similar to the existing RAN measurement RSRP. The new phase measurement has no equivalent in the RAN and is called Reference Signal Antenna Relative Phase (RSARP).
The specification of UE requirements for the new ATF measurements is outside the scope of this study item being the domain of future work in RAN WG4 which will address measurement uncertainty for the approved test methods in a future work item. Therefore the remainder of this TR will focus on the behavioural aspects of the ATF.
5
Definition of the Antenna Test Function radio environment and measurements
This clause describes the types of signals the ATF measurements are expected to measure and then goes on to describe the ATF measurements themselves.
5.1
Test system radio environment for ATF measurements
To be elaborated.

5.2
Reference Signal Antenna Power (RSAP) definition

To be elaborated.

5.3
Reference Signal Antenna Relative Phase (RSARP) definition

To be elaborated.

6
ATF measurement procedure
This clause describes the ATF measurement procedure. The procedures described below are defined for a dual antenna single carrier system although it is the intention for this design to be easily extended for quad and octo antenna systems including carrier aggregation (CA) for when these capabilities come online in the future.

The use case for the measurements is that the conditions defined subclause 5.1 would be established. Then, for any arbitrary orientation of the UE relative to the probe antenna, the test system can request a set of measurements. After receiving the results the UE can be repositioned and further sets of measurements requested until the required number of points on the sphere has been sampled.
To be elaborated.

7
Message definitions and contents

This clause defines the messages and their contents used to communicate between the UE the test system.
To be elaborated.
8
ATF Applicability for Device Types

As support of the antenna test function is optional, future work when specifying MIMO OTA conformance tests will need to determine and specify the applicability of any two-stage test cases. This clause can be used to capture interim information on applicability as it becomes available.
9
Investigation of additional new UE measurements
This subclause will capture the potential for any additional measurements beyond those so far identified (RSAP and RSARP) in the SI. At this time there are no additional measurements identified.
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