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Introduction
Recent RAN4 contributions [1-5] discussed the potential benefits of a dedicated UE test interface (TI) to support NR UE RF testing, with the focus on beam steering entities. This paper aims to continue this discussion with the proposal of a more comprehensive list of test interface functions to support NR UE RF conformance testing in general. This list of functions might be used as a baseline for further discussions. 
Motivation
Starting point of this discussion on the benefits and needs of a dedicated test interface to support NR UE RF testing is the typical conducted RF conformance test procedure, depicted in Figure 1, established for decades now. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]The entire control of the UE as the device under test (DUT) is performed via the RAT of interest. Thus, RAT signalling procedures are used to set up and maintain the radio link between the DUT and the test system prior to and during the RF conformance tests. Furthermore, RAT signalling procedures are used to modify RF parameters in potential RF test loops. Finally, RAT signalling procedures are used to release the radio link after RF test completion.
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Figure 1: Typical RF test procedure
In many cases, full signalling capabilities are not available or non-signalling tests are more suitable; non-signalling or reduced signalling makes it possible to test basic RX and TX functionality of the UE. A dedicated test interface, as illustrated in Figure 2, would control the DUT during the test via a dedicated RAT, not necessarily the RAT of interest. This would allow test time optimisation of RF conformance testing and potentially reduce test case complexity. Furthermore, such an interface would also support early stage RF testing as well as production testing, as soon as basic physical layer procedures (e.g. synchronisation) or basic physical layer measurements [6] are available along with the relevant set of test interface functions. Thus, a standardised test interface would contribute benefits to the UE testing during its entire lifetime. As most UE vendors utilise proprietary test interfaces in particular during the R&D phase anyway, the additional effort to provide a set of standardised test interface functions might be rather small. 
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Figure 2: Test interface controlled RF test procedure
Figure 3 compares the pros and cons between a standard test interface and proprietary test interfaces. A standardised interface can be supported by standardised control entities, provided by T&M vendors, and utilized universally. The specification efforts are shared amongst the 3GPP community and could support testing at any stages of the DUT lifetime. Proprietary test interfaces are not supported by standard T&M equipment by default and they are definitely not suitable for certification test purposes.
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Figure 3: Standardised test interface benefits
Discussion
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Standardised test interface functions shall re-use basic UE functions by default, and minimize the need of additional functions which are not standardised by the RAT of interest. For NR UE RF testing a set of TI functions are needed to set up the DUT for the RF test procedure, e.g. switching the radio on and off, select the frequency and operational mode of interest etc. A preliminary list of TI control functions is introduced below. Furthermore, DUT queries are required to support RF receiver test procedures, e.g., queries of UE standard measurement results, such as RSSI or RSRQ measurements according to [6] or [7]. In order to support receiver performance measurements, this paper proposes a query function to get access to PHY layer receive block counters. This would allow PHY layer based block error rate or throughput measurement. A preliminary list of TI measurement functions is introduced below. For administrative purposes, the DUT should provide some implementation specific data on request, such as vendor data, version information etc. Such functions are listed as TI identification functions below.
TI control functions
· Radio On/Off function
· Reset function
· Input / Output antenna array (beam) selection, activation, de-activation, beam switching
· Synchronisation selector (in case of multiple options)
· Basic RF parameters
· Operating band selection
· Carrier frequency, bandwidth and MCS selection
· Transmit power
· Test mode selection
· TX test signal parameters (e.g. transmit power pattern, CW mode, RAT waveform mode, dummy data selector)
· RX test signal parameters (e.g. CW mode, RAT waveform mode, test data pattern selector)
· Fixed/Adaptive beam operation selection
TI measurement functions
· [bookmark: _GoBack]UE measurement query (e.g. RSSI, RSRQ, beam specific measurements, absolute/relative phase information for near-field to far-field transformations, etc.)
· UE transmit power query
· Receive bit error counter w/o channel coding based on known binary test sequence to support BER measurements
· Receive decoder error counter to support BLER / Throughput measurements
TI identification functions
· Vendor identification query
· Hardware / Software version query
Conclusions
As identified during recent RAN4 discussions, there would be a clear benefit for beam steering entities related RF conformance testing along with the provision of a dedicated standard test interface. This paper recommends the extension of those benefits towards NR UE RF testing in general along with further test interface functions.
Consequently, the standardisation of a comprehensive NR UE test interface could provide significant support for RF testing at any stage of a NR UEs lifetime. The test interface function details shall be specified along with the specification of NR UE RF capabilities, PHY procedures and PHY measurements.
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