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1
Introduction
The ongoing Study Item on NR [1] has included scope for testability discussions as they apply to the UE RF, UE RRM, UE demodulation, BS RF, BS RRM, and BS demodulation aspects.  A way forward on this topic captured the key agreements during the RAN4 #80 meeting [2].
One aspect of testability that received a number of comments was the following agreement [2]:

Study how to control the device during test

This paper proposes a high-level testing interface for NR RRM and outlines some potential options.

2
Discussion
2.1
Overview

One observation related to OTA testing of devices at high frequencies (f > 6 GHz) is that increased OTA propagation losses at these frequencies present significant challenges for test metric accuracies and DUT control.
Observation 1: The link reliability of an NR testing scenario at high frequencies (f > 6 GHz) may be poor, and the link may not be easily established.  When compared to LTE OTA test systems, the NR OTA test system link budget is expected to be more challenging.  This is due to greater path loss over the air and also greater cable/connector for the link between test equipment and the test antenna at high frequencies.  For test cases that stress the beamforming (BF) performance (some beam sweeping or beam searching), the UE may not be able to maintain a connection with the test equipment at all times.

Observation 2: The test time impact of initial setup or periodic parameter updates for the UE in NR is expected to be significant.  For some types of tests the initial test setup in the OTA environment may take a substantial amount of time since the UE is expected to perform a cell search, beam search, etc. For demodulation performance tests it is usually assumed that all these procedures are nearly ideal and the time for cell search, etc is considered to be an overhead since the functionality is verified using RRM tests.  Providing additional configuration to the UE during a test case with BF may further impact the testing time.

In legacy LTE conformance testing specifications (such as 36.508, 36.509, 36.521-1) test modes and test interfaces for test-related messaging have been defined in a somewhat adhoc manner, resulting in a somewhat unwieldy structure.  Furthermore, all test-related messaging is exchanged between the test equipment and the UE via an LTE link.
Observation 3: The drawback of utilizing the NR link also for test-related messaging between the test equipment and the UE is that the challenges outlined in Observation 1 and Observation 2 are not resolved.

This paper outlines two possible options for defining an NR test interface.  The first option proposes utilizing a separate RAT and the second option proposes utilizing NR at a lower frequency (if possible).  It is anticipated that a combination of these options may cover the vast majority of potential test case and UE type combinations, thereby largely resolving the key challenges outlined in this paper for a majority of testing needs.

2.2
NR test interface over separate RAT

One approach of implementing a test interface (TI) between the NR UE and the NR test equipment is over a separate radio access technology (RAT) that may also be supported by the UE under test (one possibility could be LTE).  Figure 1 below illustrates a high level diagram.
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NOTE 1: The network test system (NTS) can be an integrated solution encapsulating NR BS emulation and the test interface RAT or two networked stand-alone units controlled by software

NOTE 2: The test interface (TI) defines the link between the network tester and the DUT over which test interface messages (TIM) are exchanged; the connection may be over the air or via cable

NOTE 3: The NR test scenario execution is defined over the air interface between NTS and UE

NR test scenario execution
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Figure 1: NR test interface over separate RAT (OTA or cabled)

The NR TI may be implemented at a carrier frequency that corresponds to the chosen TI RAT and may be OTA or over a cabled connection.  For example, if UE supports both NR and LTE (which is a potential use case for NR), then such a device could support an NR TI over LTE with a cabled connection.  One drawback of this approach is that not all UEs may support multiple RATs.
2.3
NR test interface over NR

Another approach of implementing a test interface (TI) between the NR UE and the NR test equipment is over NR, where the TI may be implemented over the same carrier frequency as the test scenario or over a different (such as a lower) frequency.  Figure 2 below illustrates a high level diagram.
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NOTE 1: The network test system (NTS) can be an integrated solution encapsulating NR BS emulation for the test scenario and for the test interface or two networked stand-alone units controlled by software

NOTE 2: The test interface (TI) defines the link between the network tester and the DUT over which test interface messages (TIM) are exchanged

NOTE 3: The NR test scenario execution is defined over the air interface between NTS and UE

NR test scenario execution

2

1

3

Data plane

RLC

MAC

PHY

RF

Antenna Array

Test interface (NR)


Figure 2: NR test interface over NR (same or different frequency)
For the case of NR TI over low frequencies (f < 6 GHz), the NR TI can be implemented over a cabled connection.

2.4
General test interface functions

In practice, different test connection methods can be applied for NR TI and NR test scenario execution:  both NR TI and test scenario use OTA method, both use conducted method (e.g. low frequency NR), or NR test scenario uses OTA method and TI uses a conducted method.  Other approaches are not precluded.

The high-level functions of the NR TI are to provide test assistance information to the UE and to provide test feedback modes.  Test assistance information can be information elements related to UE configurations, test scenario triggers delivered to the UE in a reliable manner, or others.  Test feedback activation may include test equipment instructions for the UE to collect various statistics (such as BLER, lower-level measurement statistics, or others) or test equipment instructions for the UE to provide feedback or reports.
Specifically related to RRM testability, such a test interface can significantly improve the robustness of potential beam acquisition and tracking test cases.  With both the emulated eNodeB and UE potentially sweeping narrow beams in such search procedures, a reliable test interface between the test equipment and the UE is needed.
3
Conclusion

This paper outlined some possible options for defining a test interface for NR.  Specifically related to RRM testability, such a test interface can significantly improve the robustness of potential beam acquisition and tracking test cases.  With both the emulated eNodeB and UE potentially sweeping narrow beams in such search procedures, a reliable test interface between the test equipment and the UE is needed.

Recommendation: RAN4 should collect proposals on how to control the UE during NR RRM tests and define, at the high level, the potential testing interface between the test equipment and the UE.  If feasibility at the RAN4 level can be established of some of these proposals, it is recommended to capture such high-level agreements and to provide this information to RAN2 and RAN5 for their consideration.
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