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Introduction
A new SI on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR UEs [1] was started at RAN4# 88bis meeting for Rel-16. In [1] it is agreed that:	[image: ]
This paper focuses on performance metrics for FR2. The first contributions on metrics were discussed and documented in [2] although no decisions were made other than that throughput remains the baseline measure and that further input is needed.
     
 Analysis of current FR2 NR OTA metrics
2.1 Demodulation and CSI OTA requirements

For Rel-15, the NR demodulation OTA requirements have more in common with LTE FR1 conducted requirements than they do with existing LTE FR1 MIMO OTA requirements. The reason for this is that at FR2 there is no mechanism to connect thot he UE except through a radiated link, and it was necessary to down-scope the initial OTA requirements to provide an equivalent to the legacy RF/baseband requirements LTE carried out using a conducted interface. The resulting “wireless cable” OTA methodology in Rel15 therefore discount the impact of the antenna and are carried out in line of sight conditions [3].

2.2 RRM requirements

At this time, the extent of RRM requirements is limited due to most being pushed into the Rel-15 late drop. The baseline RRM test setup defined in [3] includes for the possibility of up to two simultaneous line of sight signals from different angles varying form 30 degrees to 150 degrees in 30 degree increments. This allows for the possibility of defining requirements for many dual active cell scenarios where signals are represented by direction as well as power level and coding. The Rel-15 baseline setup is also limited to static angles, with the only dynamic ability being to switch a signal to a different direction rather than move it gradually as would happen in a real environment as the UE moves.

OTA Metrics for NR FR2
[bookmark: _Hlk528878126]At FR1, LTE had a long legacy of conducted requirements for demod and RRM, and the addition of MIMO OTA was quite unique. At FR2, the path from the Rel 15 wireless cable demodulation requirements and single/dual active cell RRM requirements to more meaningful Rel 16 requirements needs careful investigations.

3.1 Demodulation metrics – static geometry

If the evolution of demod for FR2 took the same approach as for LTE then the solution would look like a 3D MPAC with no restrictions on channel model complexity or device size. However, as discussed in [4], extension of MPAC to arbitrary device size in 3D is not feasible. However, since the channel model at FR2 is much sparser than at FR1, and since it is already agreed that for FR2 the rank will be restricted to 2 using cross-polarized transmission, the need for an arbitrary 3D test environment does not exist in the way it did for FR1. The primary MIMO performance measure at FR1 was the UE antenna correlation between branches when illuminated by an SCME UMi channel with wide angular spread. At FR2 the situation will be very different since the BS antenna assumption will restrict the channel to one narrow angular spread  with cross-polarized transmission of the MIMO layers. Therefore, at FR2, there is no need to measure the correlation of the UE antennas since the test signal is highly decorrelated and the UE antennas are also assumed to be decorrelated.

A further consideration is whether it would be necessary to model the angular spread of the cross-polarized test signal or just approximate it with a single probe using line of sight. The difference between the ideal angular spread and LoS approximation is something that needs to be studied since the difference between them may be insignificant and not worth the added complexity (for static geometry cases) [4]. In any case, the test environment would reduce to either a single cross-polarized probe or a small set of probes closely-spaced probes to emulate the correct angular spread. Both are far removed from an arbitrary 3D MPAC which is very complex and costly.

Taking either the LoS or narrow sectored MPAC assumption for the test environment, the question would be what would be learned from repeating an LTE-style MIMO OTA average throughput measurement rotating the UE against the test signal in 3D. Given that at FR2 the UE is expected to have an active antenna, such a test would be measuring something very different to what happened with LTE. For LTE, the UE antenna was most likely static and quite omnidirectional. The channel model was also quite wide; consequently, rotating one against the other gave an average measure of the UE antenna correlation, and from many measurements, the variation in performance at the 12 azimuth angles rarely exceeded ± 2 dB as shown in Figure 1.
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Figure 1: Variation in downlink power by azimuth for 70 %, 90 % and 95 % throughput 
thresholds using RTS and MPAC test methods

However, if the LTE procedure was repeated at FR2 using a highly directive channel, cross-polarized MIMO transmission and a UE with active antenna, what is being measured is not the average UE antenna correlation between branches but he ability of the UE to point its best beam peak towards the signal. Excluding the subtle interaction between the narrow angular spread of the signal and the UE antenna pattern, the result of this procedure would be for the received signal to vary in level in the same way as already measured by EIS spherical coverage. The question then is whether carrying out this procedure is adding significant value over and above what will be learned from spherical EIS. The answer will depend on a study into the difference between the LoS approximation for the signal and the proper modelling of the very narrow angular spread of the channel model filtered by the BS antenna assumption. If the difference between these two scenarios is small, then there is very little new to be learned from performing throughput measurements in 3D. This would be even more so if the test environment was at high power using defined SIR since the AGC in the UE would normalize any variation in the antenna gain as it points in different directions as the UE is rotated against the test signal.

In summary, it is not yet obvious the value of performing data throughput analysis for an FR2 static channel in the way that was done for LTE at FR1. The situation does get more interesting however if a second interfering signal is added from a  different angle. This would provide a very realistic test environment to real life conditions and test the ability of the UE to make optimal decisions on its antenna steering in order to optimize performance.

3.1 Demodulation metrics – dynamic geometry

Whether there is value in the basic static geometry throughput metric or not, it seems self-evident that the ability of the UE to manage a dynamic geometry channel is very interesting to measure. A dynamically varying channel, including birth/death beams, could be set up and the average throughput of the UE over a cycle could be assessed to measure the ability of the UE to track the varying downlink conditions. Care needs to be taken how the channel is emulated since it is the changing angle between signals that is of most interest rather than only rotating the UE against fixed direction signals. The latter can be managed by the UE using accelerometers to determine optimal beamsteering while the former requires tracking of changing signal separation based on travel rather than orientation towards the network.

3.3 RRM metrics – static geometry

The most basic RRM test or static geometry shod be delivered by the Rel-15 late drop although there may be extensions into Rel-16 so this may not be a major area of focus.

3.4 RRM metrics – dynamic geometry

The dynamic geometry RRM scenarios are particularly interesting as there is nothing similar in any other case. The most complex RRM scenarios would be the beam scanning process used by the base station during acquisition of a new FR2 signal either as part of a handover or recovery from a blockage event. The full process would involve emulating up to 64 different beam pointing directions from the base station filtered by the channel model. This sequence would repeat in a 5 ms burst every 20 ms wit the UE scanning its antennas against the base station to find an acceptable set of beams. Although fundamental to setting up the initial connection, this is also the most complex OTA scenario to emulate and there are no credible solutions available that could emulate the full 3D sphere necessary.

Once a connection has been established there are many interesting dynamic RRM scenarios that could be emulated using either simple switched probes at current 30 degree spacings or some form of more continuous variation emulating the real variation in AoA while moving through the network. Metrics are more likely to be time-based than throughput.
.
Conclusions
This paper has reviewed the current NR OTA metrics for FR2 and considered how these might evolve for Rel-16. It is clear that due to the sparser channel and much narrower active antennas and a cross-polarized rank 2 downlink, the metrics for static geometry throughput will look nothing like what was done for LTE at FR1. The latter was a measure of average UE antenna correlation while the former may become a very expensive way to duplicate the EIS spherical coverage measurements. Dynamic geometry throughput measurements look promising to study and in particular when a spatial interferer is added.

For RRM, the interest lies in the dynamic geometry test cases both for the initial access/cell handover case and for testing beam tracking for UE rotation against the network and travel through the network.
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-   For testing methodology in FR2   -   Define the test scenario(s) in terms of the assumptions of  the number of emulated gNB sources, BS antenna  patterns, channel model, and DUT positions . Ensure the applicability of  the testing methodology to NR FR2:   -   Support up to 400 MHz CBW     -   Support UE operating frequency in the range of 24250 MHz  –   52600 MHz   -      MIMO throughput under  static  geometry  environment   is the first priority     -     MIMO throughput under  dy namic   geometry  environment is  the  second priority   -   Extension of Rel - 15  RRM tests  to include dynamic geometry     -   Test scenario definition is based on key performance metrics identified by operators, network infrastructure  vendors, and UE vendors   -   Noise - limited environme ntal condition is the first priority  
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