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1
Introduction
In the last RAN4 meeting, Test Time Reduction for NR FR2 test cases was discussed [1], some enhancements approaches were identified for further discussion [2]: 
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This contribution is addressing test time reduction appaoch for NR FR2 test cases which is one of the key targets in the Study Item on Enhanced test methods for FR2.

2
Discussion

2.1  Measurement grids for NR FR2 UE RF
The measurement grids were derived based on the antenna assumption of 8x2 for NR UE, as outlined in Annex G of TR38.810, which was selected as the worst case of FR2 UE. However, many feedbacks from industry clearly showed that this antenna assumption was over estimated, most commercial PC3 models apply 4x1 or 2x2 array (4 elements), which is far from 8x2 array (16 elements) [4][5][6]. 
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Figure 1: Comparison of typical FR2 UE antenna array (2x2 or 4x1) and Assumption (worst-case) 8x2 antenna array for measurement grids analysis
In Figure 1, we compare the typical 2x2 antenna array and worst-case antenna assumption of 8x2 array, it’s very clear that the worst-case antenna array (8x2) is grossly overestimated by 4 times larger, which is not reasonable and would never be a real case for a PC3 smartphone. 

Observation 1: The 8x2 reference antenna pattern does not represent the worst-case antenna patterns of FR2 PC3 smartphone UEs properly, which is grossly overestimated.  

The group agreed to use a very narrow antenna pattern in [7] to derive measurement grids, the reason was that the resulted measurement grids could be fine enough to cover all the PC3 FR2 UEs, and make sure the measurement uncertainty is always within the upper bound (e.g. smaller than 0.25dB for FR2 TRP measurement). This logic is reasonable and make sense for MU assessment and measurement grid analysis. 
But, the main problem is that the assumed antenna array is very far-from the Worst-Case of FR2 UE. As shown in Figure 2, from [8], there is large difference between the patterns from commercially available UE and the assumed 8x2 antenna array, the beam width of typical FR2 UE is nearly 3 times wider (~32o vs ~13o).
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Figure 2 in [8]: Comparison of typical UE pattern of commercially available UE (left, HPBW ~32o) and assumed (worst-case) 8x2 antenna pattern (right, HPBW ~13o)
Observation 2: It is reasonable to assume a narrower beam pattern (compared with typical FR2 smartphone with 4x1 or 2x2 antenna array) to derive FR2 measurement grids and MU assessment. But the adopted 8x2 antenna array is nearly 3 times thinner than the real case. 
Proposal 1: Study whether the worst-case antenna pattern assumption (8x2) of PC3 smartphone UEs should be relaxed in order to reduce the min number of grid points and thus test time. 

Three main measurement grids have been defined for FR2 testing in TR38.810 [3], which is summarized in the table below. 
Table 1: Summarized measurement grid points for various grid types in TR38.810  
	Parameter
	Test
	Grid Type
	Min# of Points
	Angular step size

	EIRP/EIS
	Spherical coverage
	Constant step
	264
	15

	EIRP/EIS
	
	Constant density
	200
	N/A

	EIRP/EIS
	Beam Peak Search
	Constant step
	1106
	7.5

	EIRP/EIS
	
	Constant density
	850
	N/A

	TRP
	TRP
	Constant step
	264
	15

	
	
	Constant density
	150
	N/A


Based on the measurement grids, the rough testing time have been estimated in [2]:
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Observation 3: The testing time of FR2 RF test case is dramatically increased, the main reason is the large number of measurement grid points, which is derived from the unreasonable FR2 UE antenna array assumption. 

These minimum numbers were calculated based on the 8x2 worst case antenna pattern. As outlined in Figure 2, antenna arrays in commercially available 5G devices show much 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. In consequence, there will be no impacts on RAN5 MU and TT assessment work. 
Observation 4: If the measurement grids is derived based on new antenna assumption but without changing the MU of maximum standard deviation, then there is no impact on RAN5 FR2 MU and TT assessment work. 
Proposal 2: Revisit the worst-case antenna assumptions for smartphone UEs to a reasonable one could yield an improvement in test time by reducing the minimum number of test points without affecting the MU and TT in RAN5. 

Proposals on revisiting the FR2 smartphone antenna array assumption to 4x1 or 4x2 has been proposed [6]. Given that the basic principle of defining measurement grids based on the worse-case antenna array assumption should be followed, so this antenna array assumption should be finer than 4x1 beam width of typical FR2 smartphone, then the 4x2 array is obviously the reasonable antenna assumption for FR2 PC3 to balance the “worst case” and improvement of measurement grids. 
Proposal 3: 4x2 antenna array should be selected as the reference assumption of FR2 PC3 for deriving measurement grid. 

Feedback on actual testing time of FR2 test cases from one TE vendor is presented in Table 2. The beam peak searching of Tx and Rx takes the longest time. The beam peak searching procedure for Tx and Rx test cases using the same measurement grids, then 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. Rx test cases take most of the testing time, more than ~7 times longer than Tx. 

Table 2: Feedback of actual FR2 testing time from one TE vendor (Note) 
	FR2 test cases based on TS38.521-3/2:
	Time/h or min

	38.521-2
	　
	Tx beam peak direction search
	4h (with 7.5° step)

	38.521-2
	　
	Rx beam peak direction search
	11h (with 7.5° step)

	38.521-3
	6.2B.1.4.1
	UE Maximum Output Power for Inter-Band EN-DC including FR2 (2 CCs) - EIRP and TRP
	30min

	38.521-3
	6.2B.1.4.2
	UE Maximum Output Power for Inter-Band EN-DC including FR2 (2 CCs) - Spherical Coverage
	1h

	38.521-3
	6.3B.2.4
	Transmit OFF Power for inter-band EN-DC including FR2
	15min

	38.521-3
	6.5B.2.4.1
	Spectrum emissions mask for Inter-band EN-DC including FR2 (2 CCs)
	35min

	38.521-3
	6.5B.2.4.3
	Adjacent channel leakage ratio for Inter-band EN-DC including FR2 (2 CCs)
	35min

	38.521-3
	6.5B.3.4.1
	General Spurious Emissions for Inter-band including FR2 (2 CCs)
	1h

	Note: The above testing time is varied due to different UE performance, Test software version, and detailed parameters setting.


Observation 5: Rx test cases are playing the dominate role of RF conformance testing time, which is several times longer than Tx test cases. 
Given EIS takes much more measurement time than EIRP, so even for LTE, the TRS OTA testing time is also several times longer than TRP OTA. For LTE, the measurement grid for TRP is 15º sampling grid, which is considered as negligible impacts on MU. To reduce the testing time, the measurement grids for TRS OTA is defined as 30º in each standard group (3GPP, CCSA, CTIA) [9,10]. The resulted test time with rough grid of TRS is still much longer than TRP. A fixed value of additional 0.23 dB due to the measurement grid is taken for TRS [9].  
Observation 6: For LTE SISO OTA, to reduce the testing time, the number of sampling points for Rx test case is much smaller. 

Follow the same principle, the FR2 Rx measurement grids should also be defined larger than Tx, and additional MU can be considered to address this issue.
Proposal 4: To reduce the testing time, the number of measurement sampling points for Rx should be defined smaller than Tx test cases. 

The test time of Beam Peak Searching could also be improved by utilizing advanced search algorithms, e.g., coarse and fine measurement grid as outlined in Annex G.2.4 of [3]. 

Proposal 5: Alternative search algorithms (e.g., coarse and fine measurement grid) could be adopted by UE declaration to improve beam peak search test time.

3 Conclusion

In this paper, we share our proposals on reducing FR2 RF test time. 
Observation 1: The 8x2 reference antenna pattern does not represent the worst-case antenna patterns of FR2 PC3 smartphone UEs properly, which is grossly overestimated.  

Observation 2: It is reasonable to assume a narrower beam pattern (compared with typical FR2 smartphone with 4x1 or 2x2 antenna array) to derive FR2 measurement grids and MU assessment. But the adopted 8x2 antenna array is nearly 3 times thinner than the real case. 

Observation 3: The testing time of FR2 RF test case is dramatically increased, the main reason is the large number of measurement grid points, which is derived from the unreasonable FR2 UE antenna array assumption. 

Observation 4: If the measurement grids is derived based on new antenna assumption but without changing the MU of maximum standard deviation, then there is no impact on RAN5 FR2 MU and TT assessment work. 
Observation 5: Rx test cases are playing the dominate role of RF conformance testing time, which is several times longer than Tx test cases. 
Observation 6: For LTE SISO OTA, to reduce the testing time, the number of sampling points for Rx test case is much smaller. 

Proposal 1: Study whether the worst-case antenna pattern assumption (8x2) of PC3 smartphone UEs should be relaxed in order to reduce the min number of grid points and thus test time. 

Proposal 2: Revisit the worst-case antenna assumptions for smartphone UEs to a reasonable one could yield an improvement in test time by reducing the minimum number of test points without affecting the MU and TT in RAN5. 

Proposal 3: 4x2 antenna array should be selected as the reference assumption of FR2 PC3 for deriving measurement grid. 

Proposal 4: To reduce the testing time, the number of measurement sampling points for Rx should be defined smaller than Tx test cases. 

Proposal 5: Alternative search algorithms (e.g., coarse and fine measurement grid) could be adopted by UE declaration to improve beam peak search test time.
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RAN4 agrees to further study the following Testability enhancements approaches to reduce test time:


Option1: As part of the enhanced test methods for FR2 study item, RAN4 should discuss beam sweeping techniques further


Option2: Adopt 4x2 array as the antenna assumption for deriving measurement grid for PC3, especially for smart phone UE.


Option3: Develop two sets of measurement grids for PC3, one is the same as current grids based on 8x2 array assumption, the other is relatively sparse grids based on 4x2 assumption. Applicability depends on UE declaration


Option4: RAN4 study RSRP accuracy at high downlink signal level and then check if RSRP could take place of EIS search as baseline for RX beam peak search


Option5: For EIRP test of UL MIMO including TX beam peak search, only one link polarization is enough.


Option6: For EIRP test when TX diversity (dual polarization transmission) is activated, only one link polarization is enough.


Other proposals are not precluded








Based on the estimated testing time of each step presented in [1], the total testing time:


The EIRP beam peak searching with constant step size for one frequency, ~8878s=2.5h


The EIS beam peak searching with constant step size for one frequency, ~56436s=15.7h


The actual testing time based on more recent experiments from TE vendor is lower than the above estimation
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