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1 Introduction
The NR study item concluded the following on RRM OTA testing
	10.1.3.1
Over the air test testing

Further details of a suitable OTA test environment are to be discussed in the work item, and may have impact to the core requirements which are defined. For example, side conditions for the applicability of core requirements should be defined in a way in which they can be ensured in an OTA environment.
The baseline measurement setup of RRM characteristics for f > 6 GHz is capable of establishing an OTA link between the DUT and a number of emulated gNB sources and is shown in Figure 10.1.3.1-1 below.

Diagram TBD
Figure 10.1.3.1-1: Baseline measurement setup of RRM characteristics

The RRM baseline measurement setup shares all aspects in common with the UE RF setup defined in 10.2.2.1 and includes the following aspects in addition:

-
A positioning system such that the angle between the N antennas (N ≥ 2) transmitting the emulated gNB sources and the DUT has at least two axes of freedom


-
Where N corresponds to the maximum number of emulated gNB sources defined in the RRM test scenarios


-
It is desirable that at least 1 antenna provides for an angular relationship with the DUT that is independently controllable (or the setup should provide equivalent functionality)


-
It is FFS whether all N antennas need to provide independently controllable angular relationships


-
Requirements on the polarization properties and control of each antenna are FFS

-
It is likely that the measurement uncertainty budget for the RRM setup may contain additional measurement uncertainty elements relative to the setup defined in 10.2.2.1

-
It is FFS how to model propagation conditions between the DUT and the emulated gNB sources
If BS RRM requirements and test scenarios are developed, the re-use of the AAS measurement setup can be investigated.



Following on from this, a new study item[1] was agreed at RAN plenary on test methods for NR with the following objectives for RRM

· For UE RRM testing methodology

· Using the RRM testability agreements from TR38.803 as a baseline

· Finalize the baseline measurement setup

· Define how to model propagation conditions between the DUT and the emulated gNB sources
· Define the measurement uncertainty budget and related test tolerances for the baseline setup

2 Discussion

In this contribution we discuss further the propagation conditions for RRM tests and the requirements on the polarisation properties for test antennae.
Propagation conditions
Many RRM requirements have been specified generically for different propagation conditions, meaning that they should apply regardless of propagation condition. To support this, simulations are performed by RAN4 in a wide range of propagation conditions, and the minimum requirement is determined by of the outcome of a set of simulations rather than a single propagation condition. It should be emphasised that this approach is quite different from demodulation, where requirements scenarios are developed by RAN4 and a requirement such as throughput is defined in a very specific propagation condition (and scenario) based on simulation results from multiple companies in RAN4. Other RRM requirements, notably measurement accuracy, have not been defined in a generic manner in RAN4 and for those requirements AWGN is typically specified as a side condition, although there are also accuracy requirements in LTE for fading conditions representative of high speed train operation.

It could thus be considered that the use of multipath and fading channels in RRM tests is therefore primarily to verify robustness of the implementation to fading conditions, rather than to recreate in the test an exact condition that has been used in the RAN4 simulation campaign and verify similar performance, as would be the case for demodulation tests.

Observation 1 : The use of multipath and fading channels in RRM tests is primarily to verify robustness of the implementation to fading conditions, rather than to recreate in the test an exact condition that has been used in the RAN4 simulation campaign and verify similar performance, as would be the case for demodulation tests.
One main discussion about propagation in NR OTA testing has been whether it is necessary to model multipath explicitly, including a direction of arrival, or whether electrical emulation of fading prior to the test chamber antennae is sufficient. Typically, OTA testing will be used for a mm-wave capable UE, and it is expected that such UE will often perform RX beamforming. Hence, RX beam sweeping may be used to search for NR cells, and beamforming may be used to perform measurement such as measuring RSRP of a known cell using a chosen receive direction. When analogue beamforming is used, the UE may only receive all signals from one direction at a given moment in time, whereas with digital beamforming, different beamforming combining is possible for different symbols. 
When considering a suitable test environment for NR RRM, the question to be answered is then how much does realistic modelling of multipath help to verify the robustness of the RRM operations in the device. The goal of measurements is to provide an average measurement value which represents typical current conditions rather than to track short term variation in channel conditions in the time domain. The same would appear to be true in the spatial domain as well; the objective is not to track and detect instantaneous energy from a precise direction but to determine an average power level which is expected to predict the likely future performance if the UE accesses similar resources for its connection.

In NR measurements may either be performed for mobility (such as PSCell switching) or beam management (such as reporting a need for the gNB to switch TX beam). In either case, average conditions are more important than instantaneous conditions.

Based on these considerations, it may be sufficient to model multipath and fading prior to the test chamber antenna elements with a channel emulator. Since AWGN is often used, it seems reasonable that spatial properties of multipaths are not accurately modelled. This is not to say that direction of arrival of signals for measurement is not important; indeed it will be very important in NR RRM testing to verify that neighbouring cells and beams can be detected with different directions of arrival.
Proposal 1 : Modelling of fading and multipath with channel emulators prior to the N antennas (N ≥ 2) transmitting the emulated gNB sources can be taken as the baseline for NR RRM testing
Polarization properties
Cross polarised antennae are used as a part of MIMO technology in some UEs to try to improve correlation properties between MIMO streams. By transmitting and/or receiving with two different antenna polarisations at 90 degrees to each other, the MIMO signals are less correlated which improves the MIMO performance. In other UEs, a uniform linear array may be used. When it comes to RRM measurements, the same antenna arrangement will be used to make measurements. The impact of polarization on the measurement value depends significantly on the measurement definition and how multiple RX antenna ports are combined to form a measured value. Since the measurement definition for NR still needs to be discussed, it is difficult to make a definitive conclusion on the impact of downlink TX polarization to the measured value, although similar considerations to the discussion on propagation conditions that measurement is an average value also apply.

Although measurement definition for NR still needs to be discussed, our expectations are that

· NR UEs, especially mm-wave NR UEs may perform RX beamforming in measurements, meaning that measurements such as RSRP will be made by the UE in a particular direction using an antenna array. First NR UEs may use analogue beamforming, meaning that an array can receive in one direction (only) at any given time and the signal received by the UE at baseband (on which measurements are performed) is already combined
·  Such UEs may have multiple antenna arrays similarly to RX diversity operation in LTE.
For the latter point, when there are multiple antenna arrays, we could anticipate a similar measurement definition to LTE; the measurement definition may indicate that the reported value shall not be lower than the measured value on any one antenna array. Assuming that the UE implements a cross polarised receiver, this would then imply that the measurement reported by the UE should not be lower than the measurement in the strongest polarisation direction. In other words, the UE may measure RSRPP from each polarization independently and report whichever is strongest. The exact time window for “strongest” is unlikely to be specified.

Given that measurements from only one polarisation are reported (although this could change dynamically), the polarisation of received signals appears less important for measurements that it does for MIMO operation, where it can contribute directly to improved throughput. Initially it seems less critical for measurements that the polarization properties of the downlink signals are carefully controlled in the test chamber. Better understanding of the NR RRM measurement definitions and understanding of the downlink polarisation of signals in other NR test environments (such as UE RF or demod) may be needed to conclude on this point

Observation 2 : Polarisation of downlink signals for RRM measurements may be less important than for other OTA testing. 

Generally, we think that the needs of RRM testing are different than demod or RF. For RRM, it seems of more importance to model multiple cells and beams so that measurements and mobility procedures can be checked. Considering the need to keep test equipment complexity reasonable, simplifications may be possible within the area of channel modelling e.g. the serving cell modelling may not be as critical as it would be for downlink throughput in a demod test.
3 Conclusions

In this paper we provide initial considerations on the requirements on the polarisation properties for antennae transmitting the emulated gNB sources, and the propagation conditions for RRM tests. We make two observations and one proposal:

Observation 1 : The use of multipath and fading channels in RRM tests is therefore primarily to verify robustness of the implementation to fading conditions, rather than to recreate in the test an exact condition that has been used in the RAN4 simulation campaign, as would be the case for demodulation tests.
Proposal 1 : Modelling of fading and multipath with channel emulators prior to the N antennas (N ≥ 2) transmitting the emulated gNB sources can be taken as the baseline for NR RRM testing
Observation 2 : Polarisation of downlink signals for RRM measurements may be less important than for other OTA testing. 

Generally, we think that the needs of RRM testing are different than demod or RF. It seems of more importance to model multiple cells and beams so that measurements and mobility procedures can be checked. Considering the need to keep test equipment complexity reasonable, simplifications may be possible within the area of channel modelling eg the serving cell modelling may not be as critical as it would be for downlink throughput in a demod test.
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