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1 Introduction

As proposed in [1] and [2] the concept of applying a two-stage baseband approach to channel model emulation is being considered along with spatial channel emulation for testing NR OTA demodulation requirements. The principles of the two-stage approach have been extensively studied within RAN4 resulting in the harmonization of the Radiated Two Stage (RTS) MIMO OTA test method with the reference multi-probe anechoic (MPAC) spatial test method in [3]. This paper discusses how an RTS approach might be applied to mmWave NR OTA demodulation testing, focussing on the differences that need to be considered when moving the mmWave.
2 Background to the RTS test method for baseband spatial channel emulation
The principle behind the RTS approach can be found in [3] subclause 6.3.1.3. Briefly, the first stage requires measurement of the complex radiation pattern of each receiver in the UE. This process requires the use of a special conformance test function called the Antenna Test Function (ATF) currently defined in [4]. With the approval of RTS in [3] as a harmonized test method for MIMO OTA, the ATF definition will be moved into [5] which is a technical specification. The ATF allows the test system to probe the UE with a known signal and request from the UE the received amplitude and relative phase of the signal through the antenna network associated with that receiver. By rotating the UE against the known signal, the complex antenna pattern of the UE can be calculated for any 2D or 3D part of the sphere. Special calibration procedures are applied such that the absolute accuracy of UE’s amplitude and relative phase measurements are de-embedded from the accuracy of the test system.
Once the UE receiver antenna patterns are measured, the second stage takes the measured patterns and convolves them with the desired 2D or 3D spatial channel model to generate the signals that would have been received by the UE had it been physically placed in the identical spatial field. There will be one signal generated for each UE receiver and these are transmitted to the UE from an equivalent number of probes. The signals transmitted from each probe are precoded with the inverse transmission matrix of the anechoic chamber such that the signals reaching each UE receiver are isolated. The process for calculating the inverse transmission matrix is described in [3] subclause 6.3.1.3.3. The optimal precoding is verified by measuring the actual isolation between the signals received by each receiver.
In addition, for the need of the ATF, the other requirement for using RTS is that the DUT has a static antenna configuration and that the patterns do not change during testing based on the channel model. For low frequency systems, this is generally the case although provision will be made to add a UE implementation conformance statement (ICS) item to cover for the potential of active antennas.

3 Applicability of RTS to mmWave NR with dynamic channel geometry
The primary issue to consider relates to the use of active antennas. As stated above, the currently-defined RTS method cannot be used with active antenna systems as the principle is based on measuring one set of static complex radiation patterns. It is also the case that for mmWave NR, the use of active antennas for the UE is considered highly likely and therefore in the first instance RTS would not seem to be usable for mmWave NR.
However, taking a closer look at the needs for mmWave NR spatial channel emulation, there are two distinct classes of requirements being demodulation and RRM. Within each of those classes it is yet to be decided what requirements will be based on static channel geometry and what wil be dynamic. Looking first at the dynamic cases, there appears to be no obvious way in which RTS could be applied since in the presence of a dynamic geometry spatial environment, the UE would be expected to modify its antenna configuration to optimize the received signal. Even in a situation where the number of possible antenna patterns were finite and measurable, there exists no obvious way in which the UE would be able to detect and signal a desired change in the preferred antenna patterns should the channel geometry in the baseband-implemented spatial channel model evolve over time.

Observation 1: The RTS method is not applicable to demodulation or RRM test case where the channel geometry is expected to change during the test.

4 Applicability of RTS to mmWave NR with static channel geometry
It is likely that a significant number of demodulation requirements and some RRM requirements will be based on static channel geometry. For these cases, it is worth considering the applicability of RTS since in a static geometry channel, the UE is unlikely (but not precluded) from altering its antenna patterns.
Observation 2: The RTS method is only applicable to demodulation or RRM test case where the channel geometry is static if the DUT antenna pattern does not change due to the evolution of the channel.

In the case where the UE does not alter its antenna patterns the first challenge is to decide for the desired channel model how the UE will be instructed to select the static antenna patterns that would match the identical patterns should the UE have been placed in the actual spatial field. For trivial line of sight cases where the channel model is essentially unidirectional, it could be argued that the UE would simply form a simple beam towards the dominant signal and then be instructed to hold that pattern using the recently agreed UE beamlock capability. The DUT antenna patterns can then be measured using existing RTS procedures.
However, if testing were required in a more complex spatial channel, e.g. one where two or more signals might be arriving from different directions with different angular spread of arrival (ASA), it is not obvious how the UE could be motivated to select the identical static antenna patterns that it would have selected if the UE had been placed in the actual spatial channel. The use of a limited set of codebooks might help in this regard however it is unclear how generally this assumption could be applied since the mechanisms for selecting and optimizing antenna patterns may involve both baseband and analogue RF mechanisms that might result in a near infinite number of possible patterns and or a lack of information at baseband of how the patterns at RF are configured. It then follows if it is not possible to get the UE to form the correct antenna patterns it is not possible to measure the correct patterns for the execution of the second stage.
Observation 3: There does not appear to be a mechanism to configure the UE to select the correct static antenna patterns for an arbitrary static geometry channel model.
5 Implementation of the second stage radiated connection
If there are cases where it is agreed the correct UE antenna pattern can be selected and measured using the ATF, it is also necessary to consider how the second stage would be implemented. In the case of a < 6 GHz dual receiver LTE, an optimal position on the sphere of the measured UE antenna patterns is chosen to maximize the achievable isolation between the cross polarized stimulus signals. For larger numbers of receivers e.g. four, it will be necessary to select two positions for the cross polarized probes. The objective of the positioning is to find locations where the antenna gains at each polarization result in the highest achievable isolation after the application of precoding with the inverse channel matrix. With low frequency UE antenna patterns being largely omnidirectional, the optimal location could be anywhere on the pattern. Only one good location requires to be found to meet the isolation requirements of 15 dB for the 2x case.
In the case of mmWave NR, it is expected the UE antenna patterns will have some or a significant amount of directivity meaning that the most obvious choice on each antenna pattern to execute the second stage would be on the boresight. This sounds promising for dual receiver designs but it is not clear how this would work with higher order receivers as there may be no good place to stimulate the directional beam and obtain the necessary isolation after precoding.
Observation 4: There may not be a good way to support more than two receivers in the second stage in the case of a highly directional antenna patterns.

6 Support for simultaneous use of more than one antenna array
Another factor to consider is the case where a spatial channel with two or more significant clusters from different directions causes the UE to activate more than one antenna array to optimize the received signal quality. This has the potential to double the number of supported receiver chains and require the second stage be implemented from more than one physical direction. This would seem to be a possibility that cannot be excluded except maybe by manufacturer declaration.

Observation 5: It is not clear how the RTS approach would accommodate a UE that activated more than one receiver for any given spatial channel.

7 Conclusion

This paper makes the following observations regarding the potential to use the RTS method for mmWave NR.
Observation 1: The RTS method is not applicable to demodulation or RRM test case where the channel geometry is expected to change during the test.

Observation 2: The RTS method is only applicable to demodulation or RRM test case where the channel geometry is static if the DUT antenna pattern does not change due to the evolution of the channel.

Observation 3: There does not appear to be a mechanism to configure the UE to select the correct static antenna patterns for an arbitrary static geometry channel model.

Observation 4: There may not be a good way to support more than two receivers in the second stage in the case of a highly directional antenna patterns.

Observation 5: It is not clear how the RTS approach would accommodate a UE that activated more than one receiver for any given spatial channel.

Further consideration of the use of RTS as a baseline test method for mmWave NR should consider the above observations.
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