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Introduction
Over the course of the Rel15 WI, RAN4 have determined performance criteria and requirements for FR2 UEs, based on system-level technical study. FR2 devices are unique in mandating OTA testing, due to dependence on active antenna arrays. Unfortunately, due to lack of early visibility of potential testability problems, compliance of certain key UE performance parameters cannot be verified under field conditions, in rel. 15. 
We present our vision on avenues for development of test system capability to address short fall in compliance verification ability for FR2 devices in rel. 15. This paper is related to the scope of the SI proposed in [1]
Discussion
We see 4 broad categories for further development in test systems used to verify compliance of FR2 devices.
1. Full-featured OTA receiver in the test system
2. Ability to verify compliance over the entire required operational temperature range
3. Ability to verify UE emissions
4. Ability to exercise the UE under high incident power (downlink) conditions
Full-featured OTA receiver 
In [2], it was identified that there is a significant probability that test systems cannot demodulate UL from spec compliant UEs, due to the rel. 15 test system’s reliance on a single receive chain. This problem was communicated to RAN5 via LS, who then determined that UEs must employ a special ‘compliance testing-mode’ of operation for the express purpose of compliance testing [3]. This solution is a work-around to enable some degree of meaningful verification of FR2 devices, but it highlights the obvious disconnect between configuration and operation used during compliance testing, and field operation.
Observation 1: For rel. 15, UEs must employ a special “compliance-testing mode” which is different than field operation. 
This problem of unreliable demodulation of UL can be resolved by recognizing that OTA testing requires a full-featured OTA receiver, like that of a base station. This type of receiver has higher complexity than the type adopted by TEs for rel. 15. An example of a feature required by an OTA receiver is simultaneous reception in orthogonal polarizations, and coherent combining of the two receive streams.
Observation 2: TE with full featured OTA receiver will allow verification of UEs configured exactly how they would be deployed in the field.
Verification over operational temperature range
A UE’s performance requirements apply over a range of ambient temperatures spanning -10C to 55C. As a technical standards body, 3GPP must ensure verification is not limited to a narrower temperature range. Now, testing of FR2 UEs is technically challenging, so verification for rel. 15 may be limited to room temperature conditions.
Observation 3: Development of test methods over a wider temperature range is highly desirable.
UE emissions verification
Certain UE requirements involve a limitation on how much non-signal power a UE can transmit. Verification of compliance using adopted test methods requires extremely sensitive equipment that are simply not up to the task [3]. The fundamental reason is that the power spectral density (PSD) as measured by TE is too low compared to its sensitivity. TE enhancements or alternative test methods should be investigated to improve the dynamic range over which reliable measurements can be performed.
Observation 4: TE enhancements or alternative test methods are needed to improve the dynamic range over which reliable measurements of radiated power can be performed.
UE verification under high downlink power conditions
Certain other UE requirements mandate a minimum level of UE performance under conditions of high incident downlink (DL) signal. Compliance testing involves generation of these strong DL signals at the UE being tested. Here too, rel. 15 TE along with adopted test methods for rel. 15, are incapable of generating the necessary test signal conditions [4]. From the UE’s perspective, the combination of TE assumptions and test methods conspire to limit the power spectral density (PSD) of the downlink. Similar to our observation in section 2.3, it behoves us to re-examine test methods and TE capabilities to bridge the gap between requirements, and TE’s ability to verify.
Observation 5:  For Rel. 15, verification of an FR2 UE’s DL performance is gated by a combination of test method and TE capability due to non-availability of high enough PSD of the downlink signal. 

Conclusion
In FR2, a rel. 15 TE cannot be fully verified in a “field” configuration due to various reasons:
1. Incompatible receiver topology in TE
2. Undeveloped capability to test over temperature range
3. Low PSD at TE, due to excessive test setup loss in relation to TE’s sensitivity in uplink (UL)
4. Low PSD at tested device, due to excessive test setup loss in relation to TE’s transmit power capability in downlink (DL)
We propose that the Rel. 16 OTA test enhancements SI [1] focuses on the above topics for improving compliance verification coverage of FR2 UEs
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