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1 Introduction

The transition to the coming generation of 3GPP wireless technologies is expected to bring with it a wide ranging broadening of the usage scenarios, applications, deployments and technology platforms supported by the 3GPP specifications, deepening their impact into society. Traditionally, in previous generations, RAN4 RF performance requirements and testing have existed in order to ensure proper coexistence between different operators and systems, proper interactions between different types of equipment, known behaviors of equipment on which planning can be based, a minimum expectation on performance of equipment in potentially expensive licensed spectrum and a benchmark for basic evaluation of different equipment.
Maintaining these goals within the context of the diverse range of 5G applications and technologies will provide a significant and interesting challenge during the development of 5G. It will be necessary for the concepts behind RAN4 requirements to evolve, for the right requirement levels to be re-evaluated in some cases and for the development of new paradigms in relation to measurement. A companion paper provides a general overview of issues to consider for NR [1].
Several expected 5G innovations, such as massive MIMO and operation at higher frequencies require basestations to be built with closely integrated antennas and radio, and building connectors for testing will become costly and impact performance, and in some cases infeasible. Moreover, requirements should be set on the basestation as a whole and not individual transmitter/receivers. A significant proportion of the challenges will arise from the need to develop over the air requirements and testing. At lower frequencies, some or all requirements may be testable using conducted testing. The focus of this document will on OTA challenges, but the intention is not that conducted testing at lower frequencies is neglected. Fortunately, work has been ongoing in the past couple of releases on developing OTA requirements and will continue in release 14 in the form of the evolved AAS work item. Evolving the E-UTRA AAS specification will form a key baseline for 5G, and 5G work should where necessary be coordinated with the AAS specification development. Nonetheless, 5G is distinct from AAS in that its scope is of course much wider, incorporating amongst other things a new RAT, an evolved MIMO structure, different frequency bands and new numerologies.
On the UE side, the number of antennas may grow at higher frequencies and, with the evolution of the Internet of Things and self-backhauling the scope of what is a UE will evolve. Thus similar considerations are likely to be needed for UEs too. This paper will focus on basestation considerations however.

The paper is focused mainly on the type of requirements that exist in today’s RF specifications. Potentially new types of requirement may be needed for 5G, however the need for any new requirements is not handled here. Developing new requirements would also need to be considered in the light of the feasibility and challenges of OTA testing solutions.
2 Evolution of transmitter testing
Current BS transmitter related RAN4 specifications consist of requirements on unwanted emissions, requirements on transmit power and requirements on so-called “signal quality” (EVM, frequency error, time alignment error). Unwanted emissions and transmit power related requirements are likely to continue to be needed for 5G. Signal quality requirements of some form are needed too; whether all of the existing requirements are applicable and EVM remains an appropriate measure for all types of deployment and frequency remains to be seen. In addition to the existing requirements, new kinds of application and scenario may give rise to the need for new requirements. An example may possibly be sharing of bands with incumbent users, which might require requirements relating to spatial quality of the transmitted signal.

For measuring OTA, an important consideration is whether each requirement should be defined directionally or measured based on total radiation around the whole sphere. This consideration should be evaluated separately for each type of requirement.

2.1 Wanted signal power requirements

For transmitter power, an OTA requirement has been developed in the release 13 specifications for EIRP accuracy. The requirement can be likely to be easily adapted to a maximum EIRP. It remains to be seen whether for any reason a total radiated power requirement might be needed in addition to the EIRP requirement. Measurement of wanted power is feasible using a variety of test methods such as Compact Antenna Test Range, direct far field and near field as is currently under discussion for release 13 AAS. Several of these methods, and potentially further methods could be suited to TRP measurement if needed. The size of a test range needed to obtain far field conditions is large for many of today’s bands, in particular lower bands. Nevertheless we have presented a study on measurement uncertainties based on measuring in a far field range capable of operating down to 700MHz and demonstrating that such measurements are entirely feasible [2]. Near field testing shrinks the size of the needed facility. For mmWave frequencies, far field distances scale with frequency and thus test facilities shrink to become room sized.
2.2 Unwanted emissions

Concerning unwanted emissions, for more conventional basestations with passive antenna systems, EIRP has been used as a metric in some circumstances. EIRP based unwanted emissions can be applied to passive systems for a couple of principle reasons; firstly with a passive system the unwanted emissions experience the same beamforming and are radiated with the same spatial pattern as the wanted signal, and the direction of maximum emissions is static and well known. Secondly the variation in antenna beamwidth and gain between basestations of the same class is not wide (for example, a wide area basestation with 3 sectors typically experiences and antenna gain of around 15-18dB). Thus any EIRP limit for a particular basestation class is directly proportional to the total radiated emissions.
For active arrays, the spatial pattern of emissions is much more complex. Since an array may transmit multiple sets of phase and amplitude weights that may be frequency dependent and may cause emissions generation processes to differ at different transmitters, any pattern is likely to not consist of a single peak or to line up with the wanted signal pattern, but be distributed in a complex manner in space. Adaptive beamforming will also lead to time variation in the spatial pattern of emissions. Furthermore, for many emissions components the emissions signals are may end up uncorrelated between transmitters and not experience beamforming. Fortunately, co-existence simulation studies during the earlier AAS Study Item indicated that co-existence properties are not impacted by the spatial distribution of emissions, but rather the total emissions power.
Thus for unwanted emissions an OTA metric that captures co-existence impacts must be considered further; indications thus far are that spatially averaged unwanted emissions power is more relevant. Discussion on the unwanted emissions requirements are likely to take place already in release 14 AAS and a more detailed contribution considering spatial aspects of emissions has been submitted to that WI [3]. The outcome of release 14 will form a baseline for OTA unwanted emissions testing that needs to be extendable to NR and conceptually at least to mmWave testing.
Measuring unwanted emissions in an OTA test chamber is most straightforward for operating band unwanted emissions. Spatially averaged power may be obtained in a far field facility by means of rotation of the test object during measurement. Alternatively, other forms of test chamber may be capable of measuring Total Radiated Power directly.

Some challenges remain to be overcome for measuring operating band unwanted emissions. One challenge may be the link budget within the test chamber. It is obviously necessary that unwanted emissions that have experienced the propagation loss from the basestation under test to the far field are still detectable at measurement equipment. Consideration is likely to be made of test chamber link budgets as part of AAS, but these considerations will need to be further extended for NR when operating in the mmWave domain to understand how the smaller far field distance and larger pathlosses compensate each other.
Potential challenge: Link budget in the test facility for some types of emission measurement

A second challenge arises from co-location related requirements. Currently a TX intermodulation test is defined that sets a minimum requirement on the transmitter linearity such that it does not produce IM components when another basestation is located nearby. The conducted requirement is based on a fixed assumption of 30dB isolation between passive antenna systems, regardless of frequency band. Recreating the IM test in an OTA test facility is a new challenge that will require investigation, quite possibly also during the release 14 AAS. The concept behind the requirement may need to be re-evaluated; for example based on a minimum physical distance rather than assumed isolation. For NR, the need for and co-locations scenarios for a mmWave system required careful consideration.
Potential challenge: Test setup for co-location related TX IM requirements
Measuring out of band spurious emissions is a challenge since the applicable frequency range extends from a few kHz to several harmonics of the wanted carrier frequency, which may be well over 100GHz for mmWave. In completely different areas of the frequency domain, the spatial properties of the unwanted emissions become even more unpredictable but are very likely to be spatially whitened. A test facility is required that is able to cover the whole of the frequency domain. Currently EMC test facilities achieve this, however they are typically not designed to cope with high output power generated when a wide area BS is radiating and the measurement uncertainties are greater than those of conducted test equipment used for spurious emissions testing today. Near field probing may be another alternative; clearly more study is needed. Also, the relationship between out of band spurious emissions requirements and testing and EMC testing needs to be understood. Compared to E-UTRA, for NR the additional challenge will be a potentially even greater span for spurious emissions when operating at mmWave frequencies.
Potential challenge: Measurement of spurious emissions over the whole frequency spectrum
A further consideration in designing the unwanted emissions requirement may be the type of test model used for the transmitter during testing. During release 13 AAS, it has been noted that coupling between antennas within an array transmitting uncorrelated signals can cause additional IM and related emissions. The test model needs to be designed to capture such effects where appropriate. The extent of decorrelated transmissions will depend on the design of the NR RAT physical layer.

Potential challenge: Specifying test models that fully exercise the array
2.3 Signal quality and other requirements

Apart from power and unwanted emissions, a further group of transmitter requirements relates to signal quality. EVM is a measure of self-interference generated by the transmitter and relates to the link quality between the BS and a scheduled UE. The impact of EVM is on the scheduled UE, which differs from unwanted emissions, whose impact is on victim receivers that surround the BS and to whom the beam is not pointed. Thus it makes sense to define EVM as a directional requirement. EVM is under discussion in the AAS WI and a more detailed paper is provided in [4]. EVM is measured on the wanted carrier in the same manner as EIRP and it can be expected that EVM is straightforward to measure OTA, both in today’s bands and for mmWave frequencies. Also it is reasonable to expect that other signal quality requirements such as frequency error are straightforward to measure OTA.

For NR, potentially self-interference between element transmission patterns and beams may influence the achievable EVM when operating advanced massive MIMO and MU-MIMO. Whether these effects need to be better captured in OTA requirements requires further thought.

For TDD systems, there is an additional requirement on transient times and OFF power. Due to the switching between transmit and receive there is a need for measurement equipment to be synchronized to the basestation under test and to have a sufficient dynamic range to both receive full power during transmit periods whilst measuring low power levels during receive periods.

3 Evolution of receiver testing
The current receiver specifications consist of requirements on reference sensitivity (which relates to basic receiver noise figure), blocking requirements that relate to the ability of the receiver to reject signals on other frequencies than the wanted carrier, dynamic range requirements that in essence are on the minimum resolution in the receiver, receiver IM requirements that relate to LNA linearity and receiver spurious emissions requirements. 
3.1 OTA sensitivity

During the release 13 AAS WI, a requirement on OTA sensitivity was created. The requirement captures the sensitivity of the whole basestation, including antenna performance and any forms of self-interference. Since the requirement is defined over the air in the far field, a spatial dimension is involved and sensitivity is met over a declared range of angles of arrival. Testing of the EIS requirement can be performed in a far field test range. Similarly to EIRP, the test range is quite large for many of today’s bands. Ericsson has made measurements and derived an uncertainty budget for a Compact Antenna Test Range in a facility suitable for down to 700MHz and demonstrated feasibility of far field testing of EIS [5]. For mmWave frequencies, the dimensions of required test ranges shrink due to the relationship between the frequency and far field distance. 
3.2 Receiver blocking, linearity and dynamic range requirements

The in band blocking and TX IM requirements involve the presence of both a wanted signal and interfering signal(s). A concept for the requirement needs to be established. Of particular importance will be whether the wanted signal and interferers can be spatially aligned for the tests. There are potentially good arguments why this can be achieved, and if this is the case OTA testing of blocking and TX IM will be relatively straightforward. If the signals for some reason should not be spatially aligned, then there will be a need to project multiple signals from different directions inside a test chamber, or to find a concept that does not require a wanted signal. Testing with signals from multiple directions will require further investigations. Although blocking scenarios may differ for NR and higher frequency bands, there are not likely to be significant additional challenges for OTA testing than those experienced for E-UTRA AAS.
Potential challenge: Receiver requirements with multiple spatial directions for signal sources
The out of band blocking requirement involves operating the receiver with a wanted signal in the tested operating band whilst applying an interfering signal over a wide range of frequencies. Testing out of band blocking over the air is a complex challenge since the frequency range of current test chambers does not span the difference between the wanted signal frequency and potential frequencies of the blockers. The measurement challenge is further complicated if there needs to be a spatial separation between the source of the wanted frequency and the blocker. The challenges of measuring out of band blocking can be mitigated to some extent if testing can be defined without the need for a wanted signal; in this case the frequency range of the measurement facility is an issue, however there is no need to support two signals on different frequencies.

Potential challenge: Measurement with a wanted carrier and out of band blocker at a very large frequency offset
3.3 Other receiver RF requirements

Receiver spurious emissions testing entails in principle the same challenges as transmitter spurious emissions testing, with the addition that the requirement levels and hence the link budget may be lower.

Potential challenge: Measurement link budget and frequency range for receiver spurious emissions
3.4 Receiver performance requirements

Another class of requirements that relate to receive operation are so-called performance requirements. These requirements are effectively relating to baseband demodulation and combining operations. The current requirements assume up to 8 RX with uncorrelated fading channels between receiver chains. Requirements are placed on reception of several types of channels. 
For NR, it is likely that the variance between receivers in terms of the aperture size, number of receiver units, correlation between receiver antennas, receiver combining and processing algorithms etc. will be much greater than currently envisaged for LTE. Requirements applied to one type of receiver could be inappropriate for another; for example an OTA requirement assuming uncorrelated antennas may not apply properly to an array with 0.5 lamda antenna spacing. Furthermore, in developing OTA performance requirements then, similarly to OTA sensitivity, a concept needs to be derived on the ranges of angles of arrival over which the requirements are valid.
Potential challenge: Suitable definition of performance requirements considering a diversity of different receiver architectures and strategies.
The largest challenge with OTA testing of performance is that multiple, fading channels must be generated. These channels need to reflect the environment in which the BS may be expected to operate and provide the right properties towards different array geometries and different configurations of antenna separation etc. Test facilities would need to accommodate all types of basestation size and operate across all of the potential NR frequency ranges.

Potential challenge: Providing a test environment modelling channel responses for all frequency ranges and BS sizes and types
A further consideration is that for NR, the difference between performance requirements and beamforming capabilities will become a grey zone. Beamforming will aim not just to aim signals towards a wanted user, but also to react to the interference situation in real time. Thus before considering too far test methods, some fundamental thinking should take place about the aim of performance requirements, what is intended to be captured and how well any testing can relate to real world operation.
Potential challenge: Modelling a real dynamic interference scenario in a test environment
4 Conclusion

OTA testing will be a key aspect of NR compliance verification, in particular where integrated arrays with large amounts of beamforming are used and at higher frequencies. (For low frequencies where there is not significant beamforming, conducted testing may remain as a good option). This contribution has considered in general terms some key challenges relating to radiated testing for NR.

Many of these considerations are shared with LTE AAS basestations and thus the work on AAS in release 14 forms a key baseline for NR. It is important to coordinate NR considerations with the ongoing development of radiated requirements and OTA testing for LTE.

There are likely to be some aspects that differentiate NR from LTE AAS. One will be the use of mmWave frequencies for NR, which will have a significant impact on test facilities and considerations such as testing link budgets etc. A second will be that clearly, the new RAT and new usage scenarios may well lead to new and modified types of requirement compared to LTE. This document has focused mainly on existing requirements; when considering any new or modified types of requirement, implications and feasibility of OTA testing should be borne in mind.
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