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1	Introduction
During the RAN4 NR-AH-1801 a work plan on the study of alternative test methods was approved for UE NR work [1]. Where applicable, this would build on the framework of the baseline method for 5G NR testability as currently captured in TR38.803 [2]. Since a new study on alternative test methods is initiated for testing RF requirements of UE New Radio, this contribution outlines a scope of applicability for the reverberation chamber test method for UE NR work.
The Reverberation Chamber (RC) offers a fundamentally different approach to measuring complex radio systems and subsystems in an over-the-air (OTA) environment. In the RC, device capability is almost always measured as a statistical summary after sampling device performance in a rich, complex multipath environment. This allows for rapid evaluation of some complex effects, but sometimes at the cost of specific underlying information. In the traditional RC, for example angle of arrival is randomized and essentially unknown, so actual patterns cannot be plotted even though the statistical effects of those patterns can be quickly and accurately measured.
RC principles have been well established in 3GPP and extensively discussed for many EUTRA and LTE applications, but NR introduces a wide variety of new test needs and measurement challenges. Some of these are (a.) solved already by the RC method; some may be (b.) solved conveniently by RC but only after looking hard at underlying assumptions and perhaps evolving the test metric; some can best be (c.) solved with variants of the traditional RC approach; and some (d.) cannot be solved by RC easily and should be left to other methods. This document only tries to outline the items in (a.) and perhaps point to opportunities for (b.) but leave the other solutions for other contributions.
2	Applicability
2.1	Frequency Range Considerations
The frequency range of a reverberation chamber is primarily bounded at the lower end by the chamber dimensions. The smallest internal dimension of the chamber should be at least several multiples of the lowest signal wavelength. Clearly this boundary condition does not apply as the frequency goes up and theoretically there is no upward frequency bound in the RC. Practically, of course, the upper frequency is limited by the chamber’s source antennas, cables, connectors and isolation requirements.
Chamber loss is one of the largest factors in the overall test system link budget – especially at microwave frequencies. Chamber loss in RC is usually a function of frequency and chamber size. The distance loss in air versus frequency in the chamber is a well-known function which is easily simulated or measured.
2.2	Test Zone
As the frequency range increases, in most cases the usable test zone volume also gets larger. The test zone in the reverberation chamber is how much of the interior space can reliably expose the DUT to the full distribution of multipath signal variations. A general rule of thumb, for example, is to stay 0.5 wavelengths away from any metal surface of the chamber and more than 0.7 wavelengths away from absorber. As the wavelength gets small the available space in the chamber then increases.
Because this method samples wide variations in phase and amplitude very rapidly, test zone terms of other methods like “phase center”, “test zone ripple”, or “DUT placement accuracy” do not apply in the same way. This can significantly change the measurement uncertainty trade-offs and application scope for certain types of devices and measurements. Typically, the RC can more easily accommodate a much broader class of DUT size and complexity, but at a cost of some measurement applicability.

2.3	TRP
The TRP measurement for NR FR2 is unchanged in the Reverberation Chamber method. New applications of TRP-based measurements in the NR work can be adopted quickly but work is needed to adopt the existing standardized methods of chamber validation and measurement uncertainty to the higher frequencies. In general, these adaptations need to consider things like:
Potentially higher signal variance in dynamic high gain DUT front ends. This MU could be compensated for by increased sampling.
Many samples have low signal values which can have higher uncertainties in the measurement equipment – especially in FR2 ranges. This MU skew is not difficult to model and its impact on overall MU is expected to be small, but the estimate is still TBD.
RC is a good fit for TRP applications at all proposed NR frequencies.
2.4	TIS
TIS is theoretically comparable to TIS above. And in practice the RC method is also the same. The low power nature of many practical TIS measurements can create some challenges – many of which have already been solved for RC in LTE with advanced sampling techniques, distribution estimation, RS(S)I conversion, and TPUT-based TIS measurements.
RC is a good fit for TIS applications at all proposed NR frequencies
2.5	EIRP
EIRP is essentially a measure of antenna gain at a given direction. As such, the traditional RC is not a good fit for single EIRP measurement results. It is important to note here, that the RC does measure the equivalent of a randomized set of EIPR results and therefore CDFs of EIRP are well within the method’s capability. The speed of randomly sampling EIRPs in a 3D environment can be very helpful for some NR measurement needs.
Although CDFs of EIRP are very closely related to well established reverberation chamber methods like diversity gain, there isn’t the same body of standards history, standards documentation, measurement uncertainty tables and cross-method harmonization data at the moment for measuring CDF of EIRP as, say, TRP and TIS in the reverberation chamber.
RC is a good fit for CDFs of EIRP, but currently, text definitions will have more TBD’s than TRP and TIS measurements.
2.6	EIS
Same limitations as EIRP apply here for EIS. The RC is not a good fit for single-point EIS measurements. Where a CDF of EIS can be used, the RC will be very useful. Additional measurement uncertainties may apply at the low power that some EIS measurements demand.
RC is a good fit only for CDFs of EIS and its variations. More work needed here.
2.7	Throughput-based Metrics
Throughput-based metrics are still being defined for OTA NR, but generally, they are applications of the TRP/TIS and EIRP/EIS measurements above.
To determine RC applicability criterion, first evaluate if the TPUT application is exclusive dependent on a single, known directional component – to the exclusion of other directional factors. If so, the RC is likely not applicable to that application. The RC is likely applicable to TPUT measurements which summarize device characteristics over a wide range of directional and signal characteristics. Care must be taken that NR measurements not be too narrowly, or too broadly defined because of test method perspective.
Conclusion: RC method applicability for TPUT measurements should use reasonable TRP and EIRP guidelines depending on the underlying application.
2.8	Static Beamforming Applications
A large number of static beamforming functionality can be divided into EIRP and Summary-of-EIRP (or CDF or EIRP) classes of measurements. For example, the traditional RC is currently not a good fit for some static beamforming measurements like boresight gain or 3dB beamwidth, but may be useful for overall beamforming gain.
For static beamforming applications where a statistical summary of device performance or conformance is needed, the beam lock function will be very useful to the RC method.
2.9	Dynamic Beamforming Applications
The RC is inherently a dynamic, complex multipath OTA test environment that scales to NR FR2. As such it can be a convenient platform for characterizing dynamic device behaviour – including beamforming functionality. It is important to note however that the dynamic environment presented to the device has some inherent limitations. For example, in a RC system:
· The angle of arrival will always be randomized
· The doppler and delay spread cannot be eliminated (though considerable variation is possible).
· The total number of multipath components will almost always be more than two and significant numbers of multipath components may exist at increasingly lower power levels.
Given these boundary conditions, the RC method provides a low complexity implementation of an environment where dynamic beamforming functionality can be reliably and repeatably tested.
A channel emulator (CE) can be a valuable addition to a dynamic RC system that dramatically extends the range of complex channel and test scenarios. The CE adds significant channel characteristics above and beyond the multipath fading of the chamber alone – but cannot eliminate the basic multipath fading of the chamber cavity.
2.10	Other Considerations
There has been considerable discussion about “black box” vs. “white box” testing in the baseline method. In the RC method, the device is essentially “black box” by definition. The nature of the RC test randomizes location to maximize phase and amplitude sampling so any “white box” information that is provided is essentially thrown away in practice.
At microwave frequencies, the relative positioning uncertainty of mode stirrers can increase. This makes some stepped stirring RC measurement techniques more challenging for a given hardware configuration and frequency range. This positioning uncertainty can be practically mitigated by using more precise stirrer positioning systems, or using more switched multiport source antennas. For most measurements this not a factor or it only increases the measurement uncertainty to, at a maximum, the measurement uncertainty of the equivalent continuously stirred technique.
Many NR FR2 measurements may need to execute simultaneously with FR1 and LTE signaling on the same device. The broad frequency range, low complexity multipath implementation and high multiport nature of traditional RC test systems readily implements this requirement. For example, with minor cable reconfiguration, many RC systems in operation today could implement a TPUT measurement aggregating LTE 4x4 MIMO, an NR Sub-6 and NR FR2 Carriers – if the appropriate UE and signalling box could be found.
3	Conclusion
Within clear applicability criteria, the reverberation chamber offers a range of attractive alternative approaches to the NR Baseline system in [2] for NR FR2 UE RF testing. In this case3, the traditional RC method refers to reverberation chamber only (RC only) and/or reverberation chamber with channel emulator (RC+CE) similar to those previously defined in [3] and appropriately adapted to NR FR2.
Proposal 1: The RC Method should be considered a candidate alternative method for TRP test applications for NR FR2 UE RF testing.
Proposal 2: The RC method should be considered a candidate alternative method for TIS test applications for NR FR2 UE RF testing.
Proposal 3: The traditional RC method is not applicable to single point or differential EIRP measurements for NR FR2 UE RF testing. The RC method should be considered for comprehensive many point EIRP-based measurements, such as CDF of EIRP.
Proposal 4: The traditional RC method is not applicable to single point or differential EIS measurements for NR FR2 UE RF testing. The RC method should be considered for comprehensive many point EIS-based measurements, such as CDF of EIS.
Proposal 5: The RC method should be considered as a potential method for dynamic beamforming test applications for NR FR2 UE RF testing.
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