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1 Introduction

At meeting NR, ad hoc #3 [1] was presented regarding the applicability of RTS to mmWave to demodulation testing. This paper provides further analysis.
2 Background
The following observations were made in [1]
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.

3 Discussion

Observations 1, 2 and 4 can be considered limitations that can be managed as necessary and do not preclude the use of RTS for demodulation testing for NR FR2.

Observation 3 along with observation 5 may prove to be more challenging to deal with and need further analysis.

In the trivial case where the UE is presented with a predominantly single direction channel it is reasonable to assume it wil form a beam towards the gNB direction. In this configuration, it is also reasonable to initiate the UE beamlock function and measure the UE receiver antenna patterns using the principles defined for LTE MIMO OTA refined as necessary for NR. In this scenario, it is likely that the RTS approach can be used for NR demodulation measurements.
However, the largely omnidirectional properties of LTE FR1 UEs is not something that applies to NR at FR2. The baseline UE antenna assumption from [2] is a 2x2 antenna array comprising 5 dBi elements providing a nominal cross-polarized directivity of 14 dBi. Such a directional antenna cannot be compared to FR1 equivalents where active beamsteering remains a goal rather than a reality.

The first case to consider is how the UE might receive a 2x MIMO transmission. It has been assumed this could be achieved in LoS conditions using cross-polarized transmission, and this is certainly true and a scenario that could be implemented using a UE xpol antenna system with only one pointing direction. However, it cannot be guaranteed that the channel wil support cross-polarized transmission, for NLoS. Measurement made by Durham University [2] in Figures 1 to 4 clearly show that some channels demonstrate that HH = VV but others do not.
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Figure 1. ECS track reception (location 11, pink in Figure 1 of [2]) Power Angle Profile
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Figure 2. Under bridge (location 14, black in Figure 1 of [2]) Power Angle Profile 
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Figure 3. Street canyon mid-point (location 10, red in Figure 1 of [2]) Power Angle Profile 
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Figure 4. Street canyon far point Power (location 25, red in Figure 1 of [2]) Angle Profile

In Figures 2 and 3 there is good evident the channel will support cross polarized transmission but in Figures 1 and 4 there is 5 dB to 10 dB loss in one polarization.

Next consider a 2 Rx UE that implements its antenna system using two spatially independent antenna arrays capable of pointing in different directions. Such a UE has the potential to take advantage of spatially diverse signals in the channel, either due to reflections from a single gNB beam identifier or from two independent beams intended to communicate a 2x SU-MIMO spatial stream to the UE. In both cases a UE that can take advantage of receiving two simultaneous spatially separated signals has an advantage over a UE that s only cable of pointing in one direction.
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Figure 5. UE receives two spatially independent signals from the gNB

In this scenario shown in Figure 5, which is quite likely for 2x2 MIMO given that the NLoS channel may not support two polarizations, there does not appear to be a way to get the UE to select the appropriate antenna configuration for pattern measurement without submitting the UE to the actual spatial signal. In an R&D environment where it may be known the UE has limited antenna flexibility it may be possible to control the UE for such a case but in a generic conformance test environment no such procedure exists.

4 Possible solutions

For the limited 2x case, a spatial RTS solution could be considered whereby the probe antennas are physical spaced to create a known angle of arrival e.g. 60 or 90 degrees. This could be used to allow the UE the potential to beamform in two directions, execute the beamlock function and then allow receive antenna pattern measurement. Once measured, the patterns can be convolved with the channel model to correctly asses the UE demodulation performance for this 2x spatial case. For more complex scenarios it may not be realistic to extend RTS.

4 Conclusions
Proposal 1: To consider RTS a viable technique for testing of UE demodulation requirements it is necessary to resolve the issue of how to get the UE to select the correct antenna pattern for the channel to be tested.
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