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1. Introduction

This paper starts the discussion in NR on the potential need for special conformance test functions for %g base stations and UE.
With the plan to develop a new air interface for 5G at mmWave frequencies, almost all base station and all device testing will need to be carried out OTA since cabled connections at mmWave frequencies involving antennas with multiple elements are not viable. This move to OTA represents an unprecedented step function in the complexity of testing cellular systems and will require the development of a variety of new test methods that provide a range of spatial and non-spatial test capability at different complexity/cost levels. Part of the development of viable OTA test methods will be the identification of base station and device special conformance test functions that enable control over the DUT in order to simplify or speed up the process of device testing. Due to the timescales of 5G, viable cost-effective test solutions need to be found very quickly as there is no cabled fallback like in earlier generations. This paper describes some early ideas with a view to motivating further timely contributions on possible test solutions.
2. Background of special conformance test functions
The existence of special conformance testing features in user devices has existed since the early days of GSM which specified loopback functions to enable receiver testing. The successful specification of such features requires that they be identified very early in the development cycle so that they are considered mandatory features of devices and are implemented in a consistent way. An example of a potentially very useful testing function that did not become mandatory and ultimately failed to be widely used was the GSM electrical man machine interface (EMMI) which defined an RS 232-like protocol for controlling devices during testing. Unfortunately the specification of the EMMI came just too late to become mandatory and its value was then lost to the industry. In much more recent times the need for test control interfaces to enable and optimize manufacturing test was identified and due to the lack of a standard, each manufacturer developed their own interface and signalling protocols leading to fragmentation of test solutions.
The specification of special conformance test functions has continued over the cellular generations and the current functions for LTE are specified in [1] and include more recent features for the testing of positioning features, MBMS and Proximity services.

During the work on MIMO OTA, an expansion of the scope of special conformance test functions occurred with the development of a method where the UE receive was used to enable antenna pattern measurements. This antenna test function (ATF) s specified in TR 36.978 [2] and is used as part of the radiated two-stage (RTS) MIMO OTA test method specified in [3]. This feature of the UE allows the UE to report the amplitude and relative phase of received signals in order that when rotated in the presence of a known test signal, the test system can use the UE reported results to build the complex antenna pattern of the UE. This pattern is then convolved with a spatial channel model in order to make throughput measurements as if the device had been placed in the actual spatial field.

The ATF is the first time that measurements made by the UE are proposed to be used as part of performance testing. This is possible since the quality of the UE amplitude and relative phase measurements are calibrated and validated against independent standards in order that any performance derived from UE measurements are fully traceable. Although not a mandatory of the UE, the ATF is none-the-less an interesting development in test methods that provide alternatives to traditional methods.

3. Possible future special conformance test functions for mmWave
As we look forward to mmWave 5G it is apparent, as discussed in [4] that the majority of existing cabled testing of UEs and base stations will move to radiated testing. In addition, existing OTA test methods for the more complex test involving spatial fields do not look like they will directly scale to mmWave frequencies. This presents the industry with a serious test challenge since 5G timescales are very short and existing SISO and OTA test method development has taken many years to reach its current state.
The third area in 3GPP that is developing OTA test methods is specific to the study item for New Radio (NR) Access Technology [10]. This study is just starting and one of the topics gaining a lot of early interest is the issue of the testability of a future mmWave NR Access system. As the eAAS work at <6 GHz is starting to find out, even basic cabled tests at OTA are presenting new challenges. With the additional requirements of working at mmWave frequencies as identified in [4] and [5] a great deal of progress in mmWave test method development is needed in a very short time.

One of the ways of bounding the complexity of the mmWave test challenge is to identify new test methods which may rely on base station and UE special conformance test functions. The sooner these can be identified and standardized the better and it is the purpose of this paper to motivate research into this area. Examples of possible conformance test functions relate to the inevitability of both base stations and UEs relying on steerable antennas. It is difficult enough characterizing fixed antennas without the additional complexity of adaptive arrays and the ultimate system test challenge which is putting together a test system where both ends of the link use active antennas in the context of a dynamic 3D fading environment.
3.1 Enabling/disabling antenna steering

Solving such test challenges in a single step is unlikely and so it is beneficial to look at ways in which the test problem can be broken into simpler steps. Basic capabilities such as enabling or disabling antenna steering look like being very useful. Such types of control is often used in base station testing where procedures are more manual and with fewer vendors, but for UE testing, any control capability ideally needs to be standardized so as to avoid fragmentation of test solutions.

3.2 Controlling antenna patterns for non-spatial OTA tests
Beyond the most basic of antenna control mechanisms there could be controls such as setting the device to its most omnidirectional antenna patter to facilitate non-spatial OTA testing e.g. for signalling tests where signal direction is not of interest. A standardized “omni” mode could make configuring such devices much easier than proprietary interfaces, or having to carefully position a device in a radiated test fixture.

3.3 Controlling antenna patterns for spatial OTA tests
The next step from an “omni” mode might be to set the device to its boresight pattern with the narrowest beam angle. Additional capabilities could be designed to check the ability of the device to move its antenna in certain directions, however, it remains unclear if such test would be part of conformance or just part of the device development process where engineers need to investigate the potential performance of beam steering fundamentals before developing algorithms to control signal direction in the presence of real-time feedback. An example of a test method based on the radiated two-stage method for developing active antenna algorithms is discussed in [6].
Clearly the ideas in this paper are just the beginning for what lies ahead for 5G mmWave OTA testing. It may yet be that a test method such as that enabled by the ATF special conformance testing feature might be developed to enable a fundamentally new approach to testing that is offered by the radiated two stage MIMO OTA test method. It is certainly true that such advances in testing do not flow from evolution of existing methods and so inspiration will likely be required to make the advances that are needed in the short time available.

3.4 Enabling/disabling antenna arrays
Due to the difficulties in head/hand blocking, it is expected that UEs will be developed with more than one primary antenna array. In such cases there may be value in controlling what array is active in order to break the OTA test challenge into more manageable parts. Existing SISO OTA test systems already suffer from the problem that the anechoic test method does not properly handle antenna switching on the UE which can follow the test signal around the chamber when what is required is an average isotropic result. Lack of a defined interface to disable such tracking or disable antenna switching has been solved with proprietary control methods that fragment the test industry.
3.5 Test models
Base station conformance testing has long been enabled through the use of test models which define known signal patterns in order to simplify testing. Although currently limited to base stations there is no reason why this might not be extended to UEs as well if the resulting control offered significant cost or complexity or time savings in mmWave OTA test.
4. Conclusions
This paper has outlined the evolving test challenge as the industry moves towards 5G at mmWave frequencies. The potential role of new test methods enabled by special conformance test functions of base stations and UEs has been identified. The complexity of the 5G mmWave test challenge is considerable and the timescales are very short and so it is hoped this paper can help build awareness and motivate interest of the need for research in this area.
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