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1
Introduction
The new Study Item on Next Generation New Radio Access Technology has been approved during RAN #71 [1].  The SID includes the following objective related to the testability of RF and performance requirements:
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g.,

· Study and identify the aspects related to the testability of RF and performance requirements

This paper shares a number of views on the testability of potential RF requirements for devices built against the 5G RAT specification.
2
Discussion
Regarding the frequency coverage of the potential 5G RAT devices, it is reasonable to expect a greater level of integration of high-frequency devices (e.g., devices operating above 6 GHz) than seen today with LTE and NB-IoT devices.  Such highly integrated architectures may feature innovative front-end solutions, multi-element antenna arrays, passive and active feeding networks, etc. that may not allow for the same testing techniques used to verify RF requirements in devices today.  By way of illustration, Figure 1 below illustrates the setup diagram of the EVM test in TS 36.101.
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Figure 1: EVM test setup diagram in TS 36.101 [3]
A potential highly integrated 5G device may not be able to physically expose a front-end cable connector to the test equipment: the interface between the front-end and the antenna may be an antenna array feeding network, the interface may be so tightly integrated so as to preclude the possibility of exposing a test connector, etc.  The greater level of integration of high-frequency devices (e.g., devices operating above 6 GHz) than seen today with LTE and NB-IoT devices may impact their testability.

Although it is too early to define potential UE reference architectures, a view from the research community may illustrate some useful trends from the testability perspective.  Figure 2 below shows an example.
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Figure 2: Gigaradio system demonstrator [4]
Given the tight level of integration of such devices as illustrated in [4], the device manufacturer may not want to include a connector for testing.  Furthermore, supposing the manufacturer were to target a notebook application as an example: taking the CF 100 cable rated for 60 GHz from ATM Cable [5], the connector + cable loss for a length of 40cm is 5.15 dB (compared to 0.65 dB for the same length at 2 GHz).  For more affordable cables this loss may be even greater.  Thus, an IF architecture is merited, where the upconversion to RF is done in as close physical proximity to the antenna as possible.
The component carrier bandwidth and deployment scenario aspects of the 5G RAT, coupled with the observation on frequency range coverage and the currently ongoing Study Item on channel models above 6 GHz [4], are expected to yield a number of new propagation scenarios for testing 5G devices.  Assumptions of the flatness of the UE antenna response across orientations (omnidirectional response, as is currently assumed in a number of test scenarios in TS 36.101), assumptions of the flatness of UE antenna response across the occupied bandwidth, and the static nature of the antenna response may not hold for 5G devices.  The question of how to develop requirements and tests for a radio link that has adaptive antenna at both ends should be addressed at the study item stage.  Performance test case parameters should consider the impact of the non-static nature of the UE antenna response.

Considering the structuring of RAN4 work, the following observations can be made:

· Base station and UE testability should be approached as separate topics due to the significant differences in the intended use cases, integration levels, etc.
· Based on the above discussion, UE testing should be carried out in an over-the-air (OTA) environment.
· On the UE side, it can be observed that different test cases may require different OTA testing environments:  for example, emission requirements and RX blocking tests may benefit from a simplified and repeatable environment, while REFSENS and demodulation performance tests may require environments that also verify any beamforming or adaptive antenna requirements.

· Care should be taken to ensure that the new test systems should be easy to use, fast to run, and inexpensive to set-up.
· The development of test methods and performance requirements should be performed within the same Work Items that target specific features in the design.  Care should be taken to avoid defining a physical layer feature in one Work Item while developing performance requirements in a separate (and lagging) Work Item, as has been the practice for UE TRP/TRS and MIMO OTA thus far in GSM, UTRA, and LTE.

3
Conclusions

This paper shares the following views on the testability of potential RF requirements for devices built against the 5G RAT specification:
· Base station and UE testability should be approached as separate topics due to the significant differences in the intended use cases, integration levels, etc.

· Based on the above discussion, UE testing should be carried out in an over-the-air (OTA) environment.

· On the UE side, it can be observed that different test cases may require different OTA testing environments:  for example, emission requirements and RX blocking tests may benefit from a simplified and repeatable environment, while REFSENS and demodulation performance tests may require environments that also verify any beamforming or adaptive antenna requirements.

· Care should be taken to ensure that the new test systems should be easy to use, fast to run, and inexpensive to set-up.
· The development of test methods and performance requirements should be performed within the same Work Items that target specific features in the design.  Care should be taken to avoid defining a physical layer feature in one Work Item while developing performance requirements in a separate (and lagging) Work Item, as has been the practice for UE TRP/TRS and MIMO OTA thus far in GSM, UTRA, and LTE.
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