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1 Introduction
In the last meeting, an agreement was reached for RRM (and demodulation) testing in NR.
	Agreement : Proposal 2 :  OTA test studies should be prioritised for demodulation and RRM at mm-wave


In our understanding, this means that RAN4 should focus less on IF testing which has previously been discussed as a possible approach.

In this contribution we discuss further aspects of NR testing for both mm-wave and for lower frequencies.
2 Discussion

2.1 Testing in lower frequency bands
When NR is used in lower frequency bands (for example, below 6GHz) we expect that conducted testing will be a valuable tool for verifying UE performance, and similar methodologies as have been used in WCDMA and LTE may be applicable. Since the development of conducted tests is a known methodology, we anticipate that it will be more straightforward than OTA test development and hence we propose that conducted tests are used where possible on the lower frequency bands.

Proposal 1 : Conducted tests are used where possible to perform testing on the lower frequency bands

One aspect which is worthy of further discussion is if the NR beamforming feature is used on lower frequency bands eg in the range 3-6GHz. In this case, since RAN4 will develop OTA beamforming tests for mm-wave bands, it may be more straightforward to reuse the existing OTA beamforming tests than to develop a different procedure and channel models to emulate beamforming in a conducted test. Additionally, since it is likely that the same baseband UE implementation would be used for NR regardless of band, it could be beneficial for UE vendors only to have to consider one type of beamforming test. It would be premature to decide at this point, since it needs to be better understood, for example, what the OTA beamforming tests entail, and what features are supported on different NR frequency bands.
For this reason, we do not provide a strict definition of “where possible” or “lower frequency band” for proposal 1, but the intention is that conducted tests are the default for lower frequency band tests, but there may be some reasonable exceptions to the rule.
2.2 Test control

In previous meetings there has been discussion on interfaces for controlling tests, for example in [1] which discussed the NR test interface and the possibility of using a different RAT for test interface and test execution. Firstly, we consider some of the typical functionalities for which a test interface has been used in the past. Typically, it is desirable to test in as close to a normal operating mode as possible, so test interfaces are not used to set up connections, configure the device to a particular RRC state etc and generally it is desirable to minimise the use of test interface commands. Some of the previous uses of test interface include
· Configuring RAN functionalities into a “test mode” so that higher layers above RAN such as the PDP layer do not need to be configured and do not affect the test outcome. Without such test mode, devices would need to be tested with full application layer functionality (eg ftp for transferring files) and it would be difficult to have the desired degree of control over RAN when operating through other layers (for instance, ensuring that a UE is scheduled in every subframe is straightforward with a suitable RMC, but would be difficult if the data is provided from an ftp server)

· Configuring downlink to uplink loopback. This provides two functionalities. Firstly, it ensures that the device being tested has data available to transmit on the uplink, which can be controlled by the test equipment by sending different DL data. Secondly it may allow receiver errors to be detected, assuming that the uplink is 100% reliable. The need for receiver performance feedback was more relevant for release 99 3G testing, where there was no HARQ functionality to indicate if a transport channel was successfully received. For systems with HARQ, L1 throughput is a more relevant metric

· Giving visibility to parameters which would otherwise be internal to the UE. For example, as MBMS is a broadcast/multicast system, the UE does not provide feedback on broadcast data (similarly to BCH/system information) but it may or may not be received successfully. To facilitate MBMS requirements to be tested, RAN5 has in the past specified MBMS counters which can be read by the test equipment upon completion of a test to determine the UE performance level.
This is not intended to be an exhaustive list, and the list of test functionalities needed for NR will need to be evaluated as tests are developed – for example other test commands such as setting the DUT to an omnidirectional antenna mode have been mentioned.  One observation from the past is that a few test commands are typically sent during test setup (prior to the start of test execution) or upon completion of the test (after execution is finalised), so we do not envisage a system where thousands of commands need to be sent successfully in demanding radio conditions during the time period while RAN4 requirements testing is being executed. At any rate, we make the following observations

Observation 1 : It is important that RAN5 is involved in the design of the NR test interface
Observation 2 : RAN4 needs to identify any new test functionalities needed 
Observation 3 : Regardless of the chosen solution(s) test interfaces need to support all possible device capabilities and both NSA and SA operation of NR.

We think it is important that RAN5 leads the work on design of test interfaces as the NR work item progresses, and the key information they will need from RAN4 is on whether any new functionalities. Observation 3 means that a single solution where test commands are sent over LTE and the test execution covers NR would not be possible. It precludes, for example, testing of NR in SA operation, especially as there could be NR devices which do not support LTE. Similarly, operating the test interface on a low NR frequency band and the test execution on a high frequency band assumes that the device under test is configured with low-high carrier aggregation and it supports certain frequency bands. As indicated in [1], there could be other solutions such as configuring tests using a conducted approach (such as AT/MMI commands over a USB interface) although RAN5 could also first evaluate whether it is feasible to send the commands in the conventional way using in band NR signalling. From an RRM perspective, it would appear that details of the tests need to be worked out before the necessary test commands are identified and this is only likely to happen in the work item phase of NR.
2.3  OTA testing
As RAN4 agreed that OTA test studies should be prioritised for demodulation and RRM at mm-wave, we now consider in more detail some aspects of OTA testing related to RRM. Firstly, we think it is useful to discuss and review the reasons for discussing testing in the SI phase, when RRM core requirements are still open. From our perspective there are two main benefits from starting to think about testing aspects early

Observation 4  : OTA testing is a completely new methodology for RRM tests, and we expect that it will take a long time to fully understand how to test RRM functionality using OTA
Observation 5 : Not all functionality may be reasonably tested with OTA. It is beneficial to understand whether core requirements can be tested at the time the core requirements are being drafted

Related to observation 4, when LTE RRM tests were being developed, there was a discussion about what kind of test environment was practically feasible, and attributes such as number of cells, number of frequencies etc were agreed so that RAN4 did not develop tests which could not be implemented. Since the OTA environment will be an order of magnitude more complicated we expect that considerable discussion will be needed and it is important to start studies early. Not only new parameters such as maximum number of beams need to be understood, but also full details of the test environment (eg anechoic chamber, reverberation chamber etc), and physical limitations for instance on implementing multiple beams with different directions of arrival, channel emulation etc. We provide some initial thinking on these topics in this contribution.

Related to observation 5, it is sometimes reasonable to define core requirements which are untestable. The classical example of this is P-BCH decoding requirements in LTE. However, we think that ideally this is done as a conscious decision when the requirement is developed, rather than being an unfortunate discovery which is made later. 

In the MIMO OTA work item, there were many candidate solutions considered, which can be broadly characterised by either being performed in an anechoic chamber or a reverberation chamber. An N element anechoic chamber is shown in figure 1 and a reverberation chamber is shown in figure 2.
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Figure 1 : N-element Anechoic Chamber approach (Absorbing tiles and cabling not shown)
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Figure 2 : Reverberation chamber setup for devices testing with Single Cavity
 [source: Bluetest AB] 

The figures are shown for illustration purposes and do not represent an exact solution.
An anechoic chamber is designed with RF absorbing tiles and the intention is to avoid reflections which may occur in the chamber. The DUT is placed in the centre of the chamber (potentially on a turntable so that it’s orientation can be controlled) and a number of antenna elements may be placed around it. For mm-wave the approach would not be exactly the same as that shown in figure 1. In figure 1, the N elements may typically form an antenna array such that spatial aspects of channel modelling are captured by controlling the phase of individual elements. For mm-wave, the short wavelengths involved mean that the antenna elements could not be placed in a manner that beamforming using this array is possible. Instead, each individual antenna element would either be replaced by a horn antenna (which would then allow a directional signal to be sent to the UE from N different directions), or each individual element could be replaced by an antenna array, so that there are N antenna arrays (and each array consists of M elements, eg M=64). The latter scenario would emulate the scenario where the UE is surrounded by TRP, each one of which is serving the UE by a line of sight path.
In a reverberation chamber, the walls of the chamber are designed to absorb minimal RF energy. A reverberation chamber is a cavity resonator. Thus, the spatial distribution of the electrical and magnetic field strengths is strongly inhomogeneous with standing waves being set up. To reduce this inhomogeneity, one or more tuners (stirrers) are used. A tuner is a construction with large metallic reflectors that can be moved to different orientations in order to achieve different boundary conditions.

Channel modelling in OTA chambers
In either type of chamber, it would be difficult to introduce a multipath channel model consisting of multipaths which have both the correct time profile and the correct direction of arrival. Figure 3 shows a plan view of a simple test setup where the DUT is surrounded by N directional horn antennae. Each horn antenna may be driven by a signal from a fading channel emulator, but this does not model the different directions of arrival of different multipaths. So the signals represent beams from different TRP (or cells) rather than different multipaths from the same TRP.

 Moreover, RRM functionalities need to be exercised in the test. If we think of the conventional approach that is used in RRM tests, this means, for example, switching the power level on one of the beams so that it becomes the best beam and measuring how long it takes for the DUT to provide a report of “new best beam”. The mobility is emulated in this manner rather than moving the UE around in the chamber. For example, if we imagine that each beam has a different beam ID and all beams were of equal strength then it is likely that in a certain orientation, the UE would report one of the beams as the best beam, and if the orientation was changed, DUT would report a new best beam and so on. However, this is not a controllable process since it depends completely on the antenna performance and orientation within the device. So the only way to explicitly control which is the best beam is to ensure that it is transmitted to the DUT with greater power than other beams.
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Figure 3 : Simple OTA test setup in anechoic chamber
Observation 6 : Fading channel emulation would be possible in an OTA test, but the fading channel models would not include spatial information for multipaths
Observation 7 : Mobility would be emulated in OTA tests by varying power levels of signals

Observations 6 and 7 mean that the OTA test is not a true analogue of the DUT operating in a realistic environment, but rather, OTA testing is being used as a necessary means to couple to the DUT (including modelling a direction of arrival for each signal).

To consider whether such restrictions and assumptions are likely to be reasonable for RRM tests, we need to consider the test purpose and reason for introducing different features. When we consider the existing LTE conducted RRM tests, the following attributes can be identified

· Many tests use AWGN propagation. For the tests that do not use AWGN, low correlation is used in the fading channel model except for some RLM tests
· All tests use power level switching if it is necessary to emulate the scenario that that the UE has moved

Taking these attributes together, it could be possible to at least partially conclude

· Where fading is used in RRM tests it is to check robustness rather than as an explicit model of a signal which would be received
· signal level variations are not intended to be realistic but to emulate various 
To continue the studies on suitable OTA environments for NR testing, feedback from test equipment vendors is critical. RAN4 needs to be in a position to answer questions such as the following:

Proposal 2 : RAN4 discusses the following aspects of OTA tests
· How is the OTA environment configured?

· Reverb or anechoic chamber?

· How are individual TRP beams transmitted? (eg horn antenna, steerable antenna array etc)

· How many sources (beams and/or cells) can be supported?

· What orientation of DUT is used, and is it relevant to change the orientation in the test?

· Other aspects of environment eg dummy head/hand?

· How is channel modelling performed in the test?

· Temporal fading on each source?

· How is mobility emulated in the test?

· Switching power level of different sources?

· What are the limitations of testing due to test equipment uncertainties?
There are doubtless other questions which will arise when the details of OTA RRM testing are investigated. However, the list above would appear to be a good starting point
3 Conclusions
In this contribution we discuss RRM testing for NR. We make the following observations and proposals:
Proposal 1 : Conducted tests are used where possible to perform testing on the lower frequency bands

Observation 1 : It is important that RAN5 is involved in the design of the NR test interface

Observation 2 : RAN4 needs to identify any new test functionalities needed (it is likely that RAN5 would start by designing NR test interfaces that follow the existing approach)

Observation 3 : Regardless of the chosen solution(s) test interfaces need to support all possible device capabilities and both NSA and SA operation of NR.

Observation 4  : OTA testing is a completely new methodology for RRM tests, and we expect that it will take a long time to fully understand how to test RRM functionality using OTA

Observation 5 : Not all functionality may be reasonably tested with OTA. It is beneficial to understand whether core requirements can be tested at the time the core requirements are being drafted

Observation 6 : Fading channel emulation would be possible in an OTA test, but the fading channel models would not include spatial information for multipaths

Observation 7 : Mobility would be emulated in OTA tests by varying power levels of signals

Proposal 2 : RAN4 discusses the following aspects of OTA tests
· How is the OTA environment configured?

· Reverb or anechoic chamber?

· How are individual TRP beams transmitted? (eg horn antenna, steerable antenna array etc)

· How many sources (beams and/or cells) can be supported?

· What orientation of DUT is used, and is it relevant to change the orientation in the test?

· Other aspects of environment eg dummy head/hand?

· How is channel modelling performed in the test?

· Temporal fading on each source?

· How is mobility emulated in the test?

· Switching power level of different sources?

· What are the limitations of testing due to test equipment uncertainties?
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