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Introduction
Many RRM tests depend on the definition of an ideal SS-RSRP. Since it is necessary to develop FR2 variants of the testcases, RAN4 needs to consider the ideal SS-RSRP in OTA tests, where, in principle, the exact antenna gain of the UE is unknown, and hence the expected or reported RSRP is also unknown. It will be necessary to develop bounds so that thresholds can be correctly configured, accuracy can be evaluated, and pass/fail criteria can be assigned to UE responses to external signals.
Discussion
First, we review some of the relevant discussion in both testability and RRM sessions. In the testability study item, one main aspect to consider is the so called “rough” and “fine” beam type definitions
	· UE RX beam types definitions
· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage)
· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements) 
· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.
· Beam peak definition
· UE RX beam peak is the RX beam peak defined for the UE RF in TS 38.101-2 (i.e. beam peak corresponding to the “fine” beams)
· SNR definition
· SNRRP – OTA reference point SNR
· SNRBB – baseband SNR
· The following types of RRM test cases can be supported by the NR Test Methods
· Type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams 
· Type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams
· Note: It is up to RRM room to identify which test cases are Type 1 or 2



From these definitions the assumption is that a UE may use different RX beams for measurement and for RF requirements. As indicated in the note the beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.
On the other hand, it is also very clear that the purpose of performing measurement is to determine if a cell/beam will provide a good, or at least acceptable basis for a connection if it is taken it use for demodulation purposes. Hence, the differences in peak beam directions, antenna gains, and spherical coverage cannot be unbounded. Consider a UE which has a handover target cell in its peak beam direction for fine beams. If this direction corresponds to no-coverage for the rough beam receiver, it will never report the target cell for handover leading to a dropped call.
Observation 1: The differences between beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams cannot be unbounded.
It would be beneficial for RAN4 to study the difference between fine and course beam in a proper UE implementation; the definition of beamforming for measurements which is different than the beamforming for UE receiver inevitably complicates RRM testing and while it is important that the possible methodologies allow for implementation freedom, RAN4 also does not need to be concerned with developing tests which will fail a bad implementation which also does not perform well in field conditions. Indeed, one main purpose of RRM testing is to prevent UE vendors selling chipsets which are not giving sufficient performance in typical conditions.
Proposal 1: RAN4 studies the acceptable difference between beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams
For FR2 RRM tests, it is important that RAN4 is also able to complete the tests in a timely manner. So far, various initiatives have been discussed or agreed to simplify the FR2 testing, which we summarize in table 1
	Method
	Proposal
	Comments

	1
	Use of single AoA in RRM  tests
	Simplifies relative accuracy since two signals with single AoA has the same receive antenna gain. Does not address absolute accuracy. It was agreed in RP-182149 that all RRM tests in Q3/4 2018 use single AoA. Can also be used with methods 2,3,4

	2
	UE is used as a reference for itself
	Basic method is that UE measurement reports in near noise-free conditions are used as a reference for UE noisy measurements in the testing phase. Depends on the basic premise that the UE measurement reports in near noise-free conditions are correct.

	3
	Test limits are determined based on minimum and maximum allowable antenna gain
	All absolute and relative accuracy requirements may be checked with any AoA, spatially realistic tests are possible
Time consuming to reach agreement on antenna gain limits in RAN4
Test could be limiting to implementations if antenna gain limits are not well chosen in RAN4

	4
	Absolute SS-RSRP bounds are determined using measured TRS, EIS and agreed limits on antenna efficiency
	Not directly applicable for “rough” beam since EIS and TRS are determined with fine beam. Further discussion on the allowable difference between rough and peak beam would be necessary (proposal 1). Only applicable in peak beam direction, which is a significant limitation.



Noting that the methods are not mutually exclusive we make the following proposals for test methods 1-4
Method 1
In [1], the following agreements are separately documented
	· For FR2, only the RRM test cases with the single AoA test setup will be discussed in Q4 2018
· The test cases with the two AoA test setup will be deferred after December to Q1 2019
And
· RAN4 targets to finalize the work for Phase I in October meeting and to finalize the work for Phase II in November meeting


	
Taking both agreements together, the only way in which RAN4 target could be met for phase I and phase II tests would be to specify them with a single AoA test setup, since two AoA work is supposed to be deferred until after November. Nevertheless, in RAN4#88bis a view was expressed that single AoA is unrealistic in testing. The outcome was that for many tests, it is not decided if they use setup 1, 2 or 3.
Clearly RAN4 is expected to work on 2AoA (setup 3) after December 2018. On the other hand, the phase I and phase II tests are agreed to be completed before that date, and for FR2 they can hardly be regarded as complete if all OTA parameters are still TBD. RAN5, test equipment vendors and UE certification bodies are awaiting the timely completion of FR2 (OTA) tests. We fully acknowledge that 2AoA tests are significantly more realistic and important in verifying UE RX beam sweeping functionality that has been an important part of the discussion for the core requirements. The concern is that 2AoA tests need a significant understanding of the UE antenna performance in the different directions used in the test, and gaining this understanding is not made easier by the discussion on “coarse” and “fine” beamforming which the UE is assumed to perform for different purposes. Hence, our view is that there is a significant risk that 2AoA tests will take a longer time to finalise in RAN4.
To address this aspect in the future work, we propose the following approach for the possible extension of phase I/II tests to use a 2AoA test setup.
Proposal 2:
· Phase I/II tests are completed using single AoA assumption in RAN4#89, addressing TBD in the OTA parameters tables as much as possible
· An editor’s note such as “Editor’s Note: RAN4 is considering revising this test to use a dual AoA setup” is added before the OTA parameter table for all tests which have not yet been agreed to use single AoA
· RAN4 considers the appropriate dual AoA testing setup until RAN4#91
· During RAN4#90 meeting, selected tests are either revised to use dual AoA setup if the work on dual AoA testing methodology is sufficiently mature, or the editor’s note is removed, and the test will remain as a single AoA test.
Method 2
Method 2 give an unacceptable risk of passing a UE which does not work well from a measurement perspective, since there are many impairments of the measured value possible which are not related to the added noise. Moreover, it does not really address how to set thresholds in event triggered reporting tests. Due to the significant disadvantages of method 2, we propose that it is not developed further. A basic principle of testing should be that the test pass/fail criteria cannot be influenced by the DUT.
Proposal 3: RAN4 does not develop tests under the approach that UE is used as a reference for itself
Method 3
Method 3 appears the most promising of the test methods. In [2], analysis was provided on antenna gain range. The upper bound was based on an assumption of a case with 16 beams, uniformly distributed, and with a case using values in TR 38.803. Based on this, it was concluded that a practical upper bound on antenna gain is 17dB. The lower bound was given based on an analysis for EIS, giving a proposed minimum RX antenna gain of 7dB. Taking both together gives an uncertainty of ±5dB.
One issue which needs further discussion is the difference between “coarse” and “fine” beams. The lower bound, based on EIS applies for fine beams, which are used to define UE RF requirements. Coarse beams may have lower gain, and there is also no guarantee that the coverage directions for fine and coarse beams are the same. Further discussion of the acceptable differences between rough and fine beams under proposal 1 is necessary.
Proposal 4: RAN4 develops method 3 further, determining practical upper and lower bounds for coarse beam antenna gain
Method 4 
The usefulness of method 4 depends on the uncertainty which would be determined under method 3. If the uncertainty due to UE antenna gain under method 3 is small (such as the ±5dB proposed in [2]), then method 4 is likely an unnecessary complication. If the gain uncertainty is larger, then there does seem to be some merit in using measurements of the UE antenna to reduce the uncertainty. Unlike method 2, the UE is not directly used as a reference for itself, and as the antenna directivity is determined as a measurement (based on EIS and TRS) it allows the real UE antenna performance to be considered. On the other hand, we also acknowledge that here are significant issues to address, including the difference between coarse and fine beams, and the fact that method 4 is not applicable in non-peak beam direction. Hence, it seems suitable to proceed with method 3 in the first instance, with the possibility to study method 4 in future if method 3 cannot give sufficiently tight test limits.
Proposal 5: RAN4 does not develop method 4, for the time being. If method 3 cannot give sufficiently tight test limits, method 4 could be reconsidered in future.
Conclusion
Observation 1: The differences between beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams cannot be unbounded.
Proposal 1 : RAN4 studies the acceptable difference between beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams
Proposal 2:
· Phase I/II tests are completed using single AoA assumption in RAN4#89, addressing TBD in the OTA parameters tables as much as possible
· An editor’s note such as “Editor’s Note: RAN4 is considering revising this test to use a dual AoA setup” is added before the OTA parameter table for all tests which have not yet been agreed to use single AoA
· RAN4 considers the appropriate dual AoA testing setup until RAN4#91
· During RAN4#90 meeting, selected tests are either revised to use dual AoA setup if the work on dual AoA testing methodology is sufficiently mature, or the editor’s note is removed, and the test will remain as a single AoA test.
Proposal 3: RAN4 does not develop tests under the approach that UE is used as a reference for itself
Proposal 4: RAN4 develops method 3 further, determining practical upper and lower bounds for coarse beam antenna gain
Proposal 5: RAN4 does not develop method 4, for the time being. If method 3 cannot give sufficiently tight test limits, method 4 could be reconsidered in future.
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