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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At RAN4 meeting #84 contribution [1] proposed a set of standard NR UE test interface (TI) functions in order to enable and simplify OTA testing of certain parameters. Basically, the test interface approach was endorsed by RAN4#84, the beam lock TI function was even agreed. For proposal 2 and 3 of contribution [1] further clarifications have been requested which are provided in this contribution.
Discussion
RAN4#84 contribution [1] outlined the need for a standard test interface in order to enable certain NR UE OTA testing capabilities. Three dedicated test interface functions have been proposed in [1]. Proposal 1 for a dedicated beam locking functions in order to support off centre of beam OTA UE RF measurements has been agreed by RAN4#84. Proposal 2 for a function to retrieve downlink channel information from the NR UE under test and proposal 3 for a quasi-omni antenna operation has been discussed, however, further clarifications have been requested by RAN4.
Baseband performance measurements
[bookmark: _GoBack]According to [6] LTE UE performance requirements are considered to be operating band independent, i.e. they are independent of the RF frontend. Performance requirements are a matter of baseband performance, rather than radio frontend performance, as the latter is tested separately in terms of reference sensitivity, for instance. Assuming NR UE performance requirements will be specified the same way, NR UE OTA performance testing needs to be independent from the UE RF frontend, too. 
In the case of conducted testing, antenna connector(s) are available as the exposed interface(s) between the UEs RF frontend and its baseband, which enables the testing of the baseband performance in a very simple way. However, as those connector(s) are no more available for NR UEs operating at mm-wave frequencies (range 2), the separation of the UE frontend and its baseband can only be done with a downlink channel measurement approach, including the UEs RF frontend. However, such measurements are only possible with the support the UE under test, by providing appropriate measurement data.
The ability to obtain the complex antenna patterns through a test interface would allow for a much faster near-field to far-field transformation without the need for a phase recovery measurement approach.
Furthermore, for certain test cases quasi-conducted downlink conditions are required, e.g. for sustained downlink data rate testing. In particular in downlink MIMO operation this becomes a challenge for an OTA test environment. The MIMO-OTA standardisation efforts for previous generations did face this problem already. There, the need for the exact knowledge of the downlink radio channel has been identified, too. In response to that, the antenna test function has been introduced according to [2] in order to support MIMO reception performance measurements in particular [3]. [4] is considering a test setup with baseband emulation of multi-AoA which would require knowledge of the downlink channel and the UE antenna pattern, as explained in [5]. Obviously, knowledge of the downlink channel incl. the UEs RF frontend is necessary to enable various performance test methodologies. 
Fig.1 illustrates the principle on how to achieve a quasi-conducted setup by compensating the downlink channel matrix H with its own inverse, which can be done by a baseband channel emulator, for instance. 
[image: ]
Fig. 1: Principle of setting up quasi-conducted OTA environment with the knowledge of H
However, the downlink channel matrix H including the UE frontend characteristics is known to the NR UE receiver only. Therefore, in order to enable such kind of OTA measurements, the UE under test needs to provide downlink channel information accordingly. Furthermore, to maintain the downlink channel conditions reported by the NR UE under test, there should be no changes of these conditions due to changes of the UEs RF frontend, i.e. the UE receive antenna settings in particular should be fixed for the duration of the test. Therefore, it is proposed to standardise a dedicated NR UE test function which specifies the retrieval of downlink channel information. Details and format of downlink channel information are to be specified by RAN5 in accordance with the related test cases.
Proposal 1: In order to setup ideal downlink OTA conditions and in particular to verify the UE performance independent from the frequency band, a test function is needed to fix the UE DL RF frontend settings and to retrieve the complex (magnitude and phase) receive signal strength information per receiver. 
Position independent ideal downlink and uplink radio conditions
The majority of test cases are not interested in certain RF parameters, in particular higher layer related test cases (protocol test cases). For those test cases quasi-ideal downlink and uplink radio conditions are required by default. In other words, radio conditions which will not have an impact on the test results. In the conducted test environment it was simple to achieve such conditions, as the antenna characteristics of the UE under tests was not involved at all. Now, in the OTA test environment the antenna characteristics of the UE is involved by default. Furthermore, the test setup for those test cases should be as simple as possible, in particular it should not require expensive positioning systems in order to find a suitable position.
The most suitable transmit and receive antenna pattern for a simple setup without the need for positioning systems would be omni-directional according to the definition given by [7].
Thus, it is proposed to specify a dedicated test mode that operates the NR UE in a quasi-omnidirectional manner to enable simple test setups for the majority of the test cases.
Proposal 2: In order to setup reliable OTA test conditions, e.g., for protocol tests, a function is needed to lock the beams to quasi-omnidirectional characteristics.


Proposals
The following mandatory TI functions to allow NR OTA UE testing are proposed for approval:
Proposal 1: In order to setup ideal downlink OTA conditions and in particular to verify the UE performance independent from the frequency band, a test function is needed to fix the UE DL RF frontend settings and to retrieve the complex (magnitude and phase) receive signal strength information per receiver. 
Proposal 2: In order to setup reliable OTA test conditions, e.g., for protocol tests, a function is needed to lock the beams to quasi-omnidirectional characteristics.
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