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Introduction
This contribution is addressing test time reduction possibilities for NR FR2 UE conformance test cases which has been added in the Study Item on Enhanced test methods for FR2 [1]. 
Discussion
The Study Item Description (SID) outlines the need to improve test time for UE RF, demodulation, and RRM test case. 
	6.	Study testability enhancements to reduce test time
-	Including RF test method enhancement with reduced test time, and possible test time saving approach for UE Demodulation test and RRM test


No details were provided with respect to which test cases or which test category results in test times that need to be improved. 
From a testability perspective, the following list of test categories can be identified for UE RF which is the focus on this contribution: 
Single Grid Point Measurements with the UL or DL beam steered towards the beam peak, e.g., MOP – Min EIRP, REFSENS – EIS, etc. 
TRP based Multiple Grid Point Measurements with the UL beam steered and locked towards the TX beam peak, e.g., MOP – TRP, ACLR, etc.
Non TRP based Multiple Grid Point Measurements with the UL or DL beams steered towards the measurement antenna/link direction, e.g., MOP/REFSENS – Spherical Coverage or TX/RX beam peak searches
In the remainder of this contribution test time reductions for each of these test categories are investigated. 
While this contribution is considering various aspects to reduce test time of existing test cases, the scope and description of the Study Item on Enhanced test methods includes several topics, e.g., polarization scans, NFTF, that could further increase test time significantly for Release 16 test cases when compared to Release 15 test cases. 


Single Grid Point Measurements
There is not a big potential to significantly reduce test time for this test metric as the main test steps as outlined in Table 1 together with rough time estimates for each step; this list does not include setup steps and times. It is unlikely that single grid point measurements were the basis for adding this action item in the SI. 
[bookmark: _Ref20761540]Table 1: Process for Single Grid Point Measurements
	Test Step
	Test description
	Duration
	Potential for Test Time Reduction

	1
	Connection setup 
	~30s
	No

	2
	Direct UE beam towards TX or RX beam direction
	~10s
	barely as this is limited by positioner speed and acceleration

	3
	Allow the dwell time (BEAM_SELECT_WAIT_TIME) for beam selection to complete
	3s
	Default time; could be less depending on UE implementation

	4
	For all TX TCs and select RX TCs, perform the beam lock with UBF
	~2s
	No

	5
	Perform measurements required per test case
	Depends on test case, e.g., 1s for EIRP to ~45s for EIS
	For EIS possibly



The only real possibility to improve test time is for EIS by increasing the step size from 0.2dB to something greater. However, this will in turn increase MU for EIS based test cases.
[bookmark: _Ref20839099]Observation 1: Single grid point measurements are unlikely to be basis for adding this action item in the SI as the test time for these test cases are very reasonable. 
[bookmark: _Ref20839103]Observation 2: EIS test time could be reduced by increasing the step size for a marginal speed improvement; on the other hand, EIS based test case MUs would increase.
TRP based Multiple Grid Point Measurements
The TRP based TX test cases with the UL beam locked in the TX beam peak direction are very similar to the process flow outlined in Table 1 but with the difference that after test step 3, the UL measurements are performed at every TRP grid point as outlined in Table 2 without setup steps and times
[bookmark: _Ref20761886]Table 2: Process for TRP based Multiple Grid Point Measurements
	Test Step
	Test description
	Duration
	Potential for Test Time Reduction

	1
	Connection setup 
	~30s
	No

	2
	Direct UE beam towards TX beam peak direction
	~10s
	barely as this is limited by positioner speed and acceleration

	3
	Allow the dwell time (BEAM_SELECT_WAIT_TIME) for beam selection to complete
	3s
	Default time; could be less depending on UE implementation

	4
	Perform the beam lock with UBF
	~1s
	No

	5

5.1



5.2
	For every grid point on the TRP measurement grid:
· Position the UE so that the relative angle between the UE and the measurement antenna is (, )
· Perform measurements required per test case
	

~2s



~1s-3s (depending on TX measurement)
	See below

Unlikely



Unlikely 


While there is little to no potential to reduce the test time of TRP based multi grid point test cases, there are some areas imaginable where overall conformance test time could be reduced.
The minimum number of grid points was derived based on the worst-case antenna assumption of an 8x2 antenna array, as outlined in Annex G of [2]. Further reducing the number of grid points can obviously improve test time at the expense of the MU. 
[bookmark: _Ref20839107]Observation 3: Test time of TRP based multi grid point test cases can be improved by reducing the minimum number of grid points at the expense of increased MU
In the following, it is investigated whether current, commercially available UEs have antenna patterns similar to the previously agreed worst-case antenna assumptions of an 8x2 antenna array, outlined in Annex G.1.1 of [2]. The left plot in Figure 1 is an antenna pattern of a commercially available UE (Band n261) with the UE beam steered and locked towards the TX beam peak direction while the right plot is the 8x2 reference antenna array pattern. Clearly, the UE antenna pattern is somewhat similar to the reference antenna pattern but with a wider HPBW, i.e., ~32o, than the 8x2 reference antenna HPBW, i.e., ~13o. 
[bookmark: _Ref20839111]Observation 4: The 8x2 reference antenna pattern might not represent the worst-case antenna patterns of highly integrated antenna arrays into smartphone UEs properly. 
[bookmark: _Ref20839162]Proposal 1: Study the antenna patterns of smartphone UEs during the SI to determine whether the worst-case reference antenna pattern, specifically, the HPBW, should be relaxed in order to reduce the min number of TRP grid points and thus test time. 
Another way to reduce overall test time could be to consider some test cases currently based on the TRP metric to use the EIRP metric instead, e.g., ACLR, SEM, etc.
[bookmark: _Ref20839114]Observation 5: Test time of TRP based multi grid point test cases could be improved by using the EIRP metric in the TX beam peak direction instead of the TRP metric, e.g., ACLR, SEM, etc. 


[image: ][image: ] 
[bookmark: _Ref20766826]Figure 1: Comparison of Reference (worst-case) 8x2 antenna pattern and UE pattern of commercially available UE
Non TRP based Multiple Grid Point Measurements
The test cases with UL/DL beams steered towards the downlink beam direction for each grid point measurement are very similar to the process flow outlined in Table 2 but with the main difference that the UE is allowed to beamform its beams towards each measurement grid point. The process for the baseline procedures, i.e., without coarse and fine approaches, is outlined in Table 3 without setup steps and times
[bookmark: _Ref20807497]Table 3: Process for Non TRP based Multiple Grid Point Measurements
	Test Step
	Test description
	Duration
	Potential for Test Time Reduction

	1
	Connection setup 
	~30s
	No

	2


2.1


2.2

2.3


2.4

2.5
	For every grid point on the respective measurement grid (spherical coverage/beam peak):
· Allow the dwell time (BEAM_SELECT_WAIT_TIME) for beam selection to complete
· For TX only: Perform the beam lock with UBF
· Position the UE so that the relative angle between the UE and the measurement antenna is (, )
· Perform measurements required per test case
· For TX only: Release the beam lock with UBF
	


3s


~1s

~1s-2s


~1s for EIRP to ~45s for EIS
~1s
	See below


Default time; could be less depending on UE implementation
No

No


For EIS possibly

No



The spherical coverage measurements are based on a minimum number of grid points that are reasonable and practical, i.e., 200 grid points for constant density grids and 266 grid points for constant step size grids. Reducing these number of grid points would require an increase in MU. 
[bookmark: _Ref20839118]Observation 6: Reducing the number of spherical coverage grid points could improve test time but would increase MU
These minimum numbers were derived based on the 8x2 worst case antenna pattern assumption as well as beam steering assumptions summarized in Annex G.3.1 of [2]. As outlined in Figure 1, antenna arrays currently integrated in commercially available 5G devices show wider beams when compared to the reference antenna assumption; as such, if the worst-case reference antenna assumption can be revisited, an improvement in test time could be achieved without an impact in MU.
[bookmark: _Ref20839123]Observation 7: Relaxing the worst-case antenna assumptions for smartphone UEs could yield an improvement in spherical coverage test time by reducing the minimum number of test points without affecting the MU. 
The beam peak search measurements, especially the RX Beam peak search due to the long EIS test time, result in very long test times due to the large minimum number of test points, i.e., 800 grid points for constant-density grids and 1106 grid points for constant step size grids. These numbers were derived based on the 8x2 worst case antenna pattern assumption. As outlined in Figure 1, antenna arrays currently integrated in commercially available 5G devices show wider beams when compared to the reference antenna assumption; as such, if the worst-case reference antenna assumption can be revisited, an improvement in test time could be achieved.
[bookmark: _Ref20839129]Observation 8: Relaxing the worst-case antenna assumptions for smartphone UEs could yield an improvement in beam peak search test time by reducing the minimum number of test points without affecting the MU. 
Beam peak search test times could be improved by utilizing advanced search algorithms, e.g., coarse and fine measurement grid as outlined in Annex G.2.4 of [2]. 
[bookmark: _Ref20839138]Observation 9: Advanced search algorithms could improve beam peak search test times.
Originally, RSRP was considered the baseline for the RX beam peak search due to the much faster RSRP measurement time when compared to the EIS search. However, RSRP was abandoned eventually as RSRP is likely measured on “rough” beams instead of the “fine” beams that EIS measurements are based on and due to the poor accuracy of RSRP measurements [3]. 
[bookmark: _Ref20839144]Observation 10: RX beam peak search could be improved significantly if RSRP accuracy at high power levels can be defined (with much better accuracy as defined currently) and if RSRP could be measured on fine beams (potentially with a test mode)
One approach to significantly reduce the beam peak search test time would be to abandon the beam peak search altogether by re-defining UE TX (RX) UE RF requirements to be tested in any direction that meets MOP-EIRP (REFSENS). This approach is very similar to what was proposed for NR FR2 demodulation test cases in [4][5]. In practice, the spherical coverage results could be used to identify suitable directions that meet MOP-EIRP and REFSENS requirements. If the spherical coverage scan does not identify a suitable direction in which MOP-EIRP or REFSENS is met, subsequent fine scans could be used. 
[bookmark: _Ref20839148]Observation 11: The very time-consuming beam peak searches could be skipped if the test direction of UE NR FR2 RF test cases are redefined, i.e., from TX (RX) beam peak to any direction that meets MOP-EIRP (REFSENS) requirements
This approach would no longer be able to rank UE RF performance like traditional OTA tests but instead would check compliance with the UE RF conformance requirements similar to existing conducted UE RF conformance tests. 
[bookmark: _Ref20839153]Observation 12: Abandoning the beam peak searches would no longer allow devices to be ranked in terms of performance but instead check compliance with UE RF conformance requirements similar to existing conducted UE RF conformance tests. 
[bookmark: _Ref20839171]Proposal 2: OEMs to provide feedback on abandoning the beam peak searches
Conclusion
The following observations and proposals were made in this contribution
Observation 1: Single grid point measurements are unlikely to be basis for adding this action item in the SI as the test time for these test cases are very reasonable.
Observation 2: EIS test time could be reduced by increasing the step size for a marginal speed improvement; on the other hand, EIS based test case MUs would increase.
Observation 3: Test time of TRP based multi grid point test cases can be improved by reducing the minimum number of grid points at the expense of increased MU
Observation 4: The 8x2 reference antenna pattern might not represent the worst-case antenna patterns of highly integrated antenna arrays into smartphone UEs properly.
Observation 5: Test time of TRP based multi grid point test cases could be improved by using the EIRP metric in the TX beam peak direction instead of the TRP metric, e.g., ACLR, SEM, etc.
Observation 6: Reducing the number of spherical coverage grid points could improve test time but would increase MU
Observation 7: Relaxing the worst-case antenna assumptions for smartphone UEs could yield an improvement in spherical coverage test time by reducing the minimum number of test points without affecting the MU.
Observation 8: Relaxing the worst-case antenna assumptions for smartphone UEs could yield an improvement in beam peak search test time by reducing the minimum number of test points without affecting the MU.
Observation 9: Advanced search algorithms could improve beam peak search test times.
[bookmark: _GoBack]Observation 10: RX beam peak search could be improved significantly if RSRP accuracy at high power levels can be defined (with much better accuracy as defined currently) and if RSRP could be measured on fine beams (potentially with a test mode)
Observation 11: The very time-consuming beam peak searches could be skipped if the test direction of UE NR FR2 RF test cases are redefined, i.e., from TX (RX) beam peak to any direction that meets MOP-EIRP (REFSENS) requirements
Observation 12: Abandoning the beam peak searches would no longer allow devices to be ranked in terms of performance but instead check compliance with UE RF conformance requirements similar to existing conducted UE RF conformance tests.
Proposal 1: Study the antenna patterns of smartphone UEs during the SI to determine whether the worst-case reference antenna pattern, specifically, the HPBW, should be relaxed in order to reduce the min number of TRP grid points and thus test time.
Proposal 2: OEMs to provide feedback on abandoning the beam peak searches
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