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Introduction
This contribution is addressing the FR2 MU Evolution project previously agreed in [1]. 
Discussion
[bookmark: _Ref31104997]During the introduction of the preliminary measurement uncertainties (MUs) for test systems supporting the FR2 conformance test cases in RAN4 [2], concerns were raised by industry regarding the high MUs. RAN5 subsequently managed to significantly reduce sample MUs of MU elements and thus test systems based on more detailed analyses, the adoption of IFF as default methodology (instead of DFF), and the advancements in the mm-wave test equipment [3]. 
Given the continued industry concern about the high MUs (when compared to FR1 conformance testing), test equipment and test system providers agreed on a project with the goal to eventually evolve FR2 MUs over time in [1]
	· Proposal 3: Based on industry input, RAN5 shall review the Maximum Test System Uncertainty for FR2 defined in TS38.521-2 and TS38.521-3 with the goal to reduce them on a case-by-case basis. 
· Proposal 4: To help facilitate any reduction, RAN5 agrees to start a study item for optimization of MU for FR2 
· To allow for sufficient time in technology and process improvements with the intention to optimize the evolved MTSU rollouts in terms of device certification, the SI shall be created no earlier than RAN#90 (December 2020). The proposed target completion date (TCD) of the study item would be determined during the SI proposal stage with the goal to limit the duration of the SI to one year maximum.
· The study item would determine the achievable FR2 Maximum Test System Uncertainty improvement and would define the percentage improvement that would be required in order to justify any update to the Maximum Test System Uncertainty value.
· The SI proposal will define a goal for the MTSU improvement percentage(s)
· If required, the scope of the SI could be extended also to UE Demodulation and RRM based on industry input.
· Proposal 5: The evolved FR2 MUs are release independent
· Proposal 6: Enforcement dates of the revised FR2 Maximum Test System Uncertainty will be dictated by industry needs and be part of the outcome of the proposed SI



In RAN5#92-e, it was suggested to start the discussions on reducing MU for FR2 testing while trying to mark ETC test cases incomplete and avoid certification testing [4]. 
This contribution provides our view on the FR2 MU evolution project while taking the current status of test systems and RAN4/5 MU efforts into account. 
From a test equipment/test system vendor perspective, we can confirm that the test systems used to develop/derive the MUs in [3] are still state-of-the-art and that no significant improvements can be identified. The increase in frequency range (with the inclusion of n262), the increased complexity of the test system including spurious emissions which was ignored in the original MU evaluations, etc., simply do not allow for improvements in the MU.
[bookmark: _Ref86407473][bookmark: _Hlk86335240]Observation 1: Test equipment/test systems analysed for the initial FR2 MU efforts have not evolved significantly and are still considered state-of-the-art. The increase in frequency range and increased system complexity introduces challenges for TE/TS vendors. 
The status of the FR2 MU work is well behind schedule [5] and any FR2 MU evolution project/WI initiated in the foreseeable future would further delay the completion of the important MU work remaining.
[bookmark: _Ref86407474]Observation 2: The status of the FR2 MU work is well behind schedule and any FR2 MU evolution project/WI initiated in the foreseeable future would further delay the completion.
Clearly, the earliest start date of RAN#90 (December 2020) has passed; unfortunately, many 3GPP deadlines and timelines have been missed given the unprecedented challenges presented by the pandemic. Progress in MU activities was clearly affected by reduced efficiencies and office closures. 
[bookmark: _Ref86407475]Observation 3: The pandemic presented unprecedented challenges to 3GPP and resulted in various 3GPP deadlines and timelines to slip.
In the meantime, various Study Items (SIs) and Work Items (WIs) have been extended and/or created in RAN4/5 that all require extensive resources from MU experts, e.g., 
· The NF methodologies (CFFNF, CFFDNF, CFFdeltaNF) discussed in “Study on enhanced test methods for FR2” [6] required a significant MU work in RAN4 since the scope of this SI included “Study preliminary assessment of measurement uncertainty of new alternative methods.” A WI proposal was introduced in RAN5#93-e to finalize this work in RAN5 [12]which will require additional work on MU to finalize those methodologies for low-UL power and high-DL power test cases. 
· The test-time reduction approaches discussed in the same SI [6] required extensive MU analyses/simulations; fortunately, some of that work could be leveraged directly in RAN5.
· The newest topic in this SI [6], “Study and define the over the air (OTA) test methods for UE RF, RRM, and demodulation requirements for the 52.6-71 GHz frequency range” requires the evaluation of new/augmented test systems with extended frequency coverage up to 142GHz (including spurious emissions) as well as “Study the preliminary measurement uncertainty”.
· The new, joint RAN4/5 Work Item “Introduction of UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC)” [8] requires RAN5 to “Develop the Measurement Uncertainty (MU) assessment” and will therefore require MU experts’ attention.
· The RAN4 WI “Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) requirements for NR UEs” [7] just recently included an MU scope to “Develop the preliminary Measurement Uncertainty (MU) assessment for FR1 and FR2 MIMO OTA” which included that “Example expanded uncertainty for test method shall be defined.” While some of that work could eventually be leveraged when this WI is introduced, these efforts will take up MU resources now without any clear justification why RAN4 needs expanded uncertainties to define core requirements. 
[bookmark: _Ref86407476]Observation 4: Significant MU resources are needed for new/revised RAN4/5 SIs and WIs that include MU development in their scope.
As outlined above, the recently revised SI “Study on enhanced test methods for FR2” [6] includes the testability topics for UE RF, demodulation, and RRM for FR2-2 (52.6-71GHz). In RAN4#100-e, the impact of this extension of FR2 on test systems was analysed in [9] by considering three different options how FR2 (FR2-1 & FR2-2) can be addressed, i.e.,
	[bookmark: _Ref78193684]Table 1: Options to support 52.6GHz-71GHz with test systems
	ID
	Description
	Pro
	Con

	1
	Separate test system just for 52.6GHz-71GHz
	· Test system for this frequency range can be optimized, e.g., optimized MU for operation beyond 52.6GHz
· Existing systems covering original FR2 (<52.6GHz) would not be affected from a performance/MU perspective
· Time to market can be reduced
	· Separate systems required (cost) to cover full frequency ranges
· Inter-band FR2/FR2 (24.25-52.6GHZ & 52.6-71GHz) not supported

	2
	Introduction of new systems supporting the full range 24.25GHz – 71GHz
	· Coverage for entire frequency range (≤71GHz) in one system
	· MU for original FR2 range (<52.6GHz) to be revised due to increased system complexity
· Risk that existing systems limited to original FR2 range cannot meet MTSU after upgrade 
· Longer lead time for system availability due to system optimizations required 

	3
	Extension of existing systems supporting original FR2 range (<52.6GHz) to support full range (<71GHz)
	· Coverage for entire frequency range (≤71GHz) in one system
· Existing systems can be re-used
	· MU for original FR2 range (<52.6GHz) to be revised due to increased system complexity (MU for #3 is higher than #2)
· Long lead time for system availability due to system integrations, re-design, and optimizations required 





The overwhelming feedback from industry [10] was to consider the extension of existing test system to support the full FR2 (FR2-1 and FR2-2) range which was captured accordingly in the WF [11]
	Agreement: Further study the feasibility of extending existing test systems supporting FR2-1 (<52.6GHz) to support the full FR2 range (<71GHz)


As such and as clearly stated in [9], industry is (reluctantly) willing to consider an MU increase for FR2 systems (“MU for original FR2 range (<52.6GHz) to be revised due to increased system complexity). Therefore, it unreasonable to consider an FR2 MU evolution project/WI in RAN5 at this point in time. It is therefore proposed to postpone the FR2 MU evolution project until RAN#98 (December 2022) the earliest.
[bookmark: _Ref86407477]Proposal 1: Based on the observations made in this contribution, it is proposed to create the FR2 MU evolution SI  no earlier than RAN#98 (December 2022).


Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: Test equipment/test systems analysed for the initial FR2 MU efforts have not evolved significantly and are still considered state-of-the-art. The increase in frequency range and increased system complexity introduces challenges for TE/TS vendors.
Observation 2: The status of the FR2 MU work is well behind schedule and any FR2 MU evolution project/WI initiated in the foreseeable future would further delay the completion.
Observation 3: The pandemic presented unprecedented challenges to 3GPP and resulted in various 3GPP deadlines and timelines to slip.
Observation 4: Significant MU resources are needed for new/revised RAN4/5 SIs and WIs that include MU development in their scope.
Proposal 1: Based on the observations made in this contribution, it is proposed to create the FR2 MU evolution SI  no earlier than RAN#98 (December 2022).
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