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1.	Introduction
In RAN4#97e meeting, FR2 test time reduction was discussed and RAN4 agreed to further study some approaches to reduce test time, including 4x2 array assumption based measurement grid, RSRP based RX beam peak search, and one link polarization EIRP test for 2TX scenarios.
Next step for the test time reduction job was agreed in the WF [1, R4-2017597], reproduced as following:
· Next steps for testability enhancements to reduce test time
· Detailed parameters of 4x2 array antenna assumption for PC3 should be aligned next meeting
· Simulated new measurement grids with estimated testing time based on 4X2 antenna array are encouraged
· The agreed MU of measurement grids for TRP, beam peak search, Spherical coverage in TR38.810 should be followed
· Further study the RSRP accuracy at high downlink signal level for RSRP based Rx beam peak search
· Companies are encouraged to bring analysis of influences to the UE, to study whether only one link polarization is enough, for 2Tx test cases (TxD and UL MIMO)
· Prioritization of the potential approaches is needed 
· If new antenna assumption is not agreed in this SI, then the fallback is to keep the agreed 8x2 antenna assumption for measurement grids calculation unchanged given the progress of conformance test cases in RAN5

In this contribution, we further discuss 4x2 array assumption based measurement grid with simulation results. More analysis and discussion on RSRP based RX beam peak search and other approaches are provided as well.
2. 	Discussion
2.1	4x2 array assumption based measurement grids
In TR38.810, the measurement grid is derived based on 8x2 antenna array assumption. As a result, 800 grid points with constant density, and 1106 grid points with constant step size are needed for both TX beam peak search and RX beam peak search, leading to much longer test time than FR1 as summarized in the WF [1, R4-2017597]:
Based on the estimated testing time of each step presented in [R4-1912108], 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

Note that above estimated test time is for one frequency and one channel bandwidth. If going over all low/middle/high channel and all testing channel bandwidth and so on, the total test time will be much longer and even further worse considering the battery charging time.
Given that only 4 antenna elements are the dominant configuration in commercial PC3 UE, it was proposed in previous meeting that 4x2 array assumption is more practical for measurement grid derivation and RAN4 agrees to further study 4x2 based measurement grids as a candidate method to reduce test time. With 4x2 array assumption, measurement grid could be obviously decreased and test time could be saved for all TX and RX test cases.
[bookmark: _Ref1149432]Observation 1:	4x2 antenna array assumption based measurement grid is a practical and promising candidate test time saving method for PC3 UE and test time could be saved for all TX and RX test cases.
To derive measurement grids based on 4x2 array assumption, new simulation is needed. Though there is new simulation assumptions for Rel-17 Enh Test SI, it is mainly aiming to the novel near field based method. For the measurement grid simulation, it can be considered as left over from Rel-16 TR38.810. So the simulation assumption such as the element radiation pattern, array radiation pattern, random orientation rules, required MU and data processing shown in Annex G1.1 of TR38.810 is worthwhile to be reused except changing array configuration from 8x2 to 4x2.
[bookmark: _Ref1149451]Proposal 1:	reuse the simulation assumption and rules for measurement grid derivation in TR38.810 except changing the array configuration from 8x2 to 4x2.
Based on proposal 1, we have performed the simulation following the routine in TR38.810. Firstly, the simulation program is run with 8x2 array configuration to reproduce the simulation results shown in TR3.810 to verify our simulator. Following is our simulation results compared with those of TR38.810.
Table 2.1-1: Samsung simulation results for beam peak search for the constant step size grids based on 8x2
	Angular Step Size [deg]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	2.5
	10226
	0.02
	0.02
	0.06

	3.0
	7082
	0.03
	0.03
	0.08

	3.6
	4902
	0.04
	0.04
	0.12

	4.0
	3962
	0.05
	0.05
	0.14

	4.5
	3122
	0.06
	0.06
	0.18

	5.0
	2522
	0.08
	0.07
	0.22

	6.0
	1742
	0.11
	0.10
	0.32

	7.5
	1106
	0.18
	0.16
	0.50

	9.0
	762
	0.2552
	0.2316
	0.719

	10.0
	614
	0.31
	0.28
	0.88

	12.0
	422
	0.45
	0.41
	1.26

	15.0
	266
	0.71
	0.64
	1.96



 

[bookmark: _Ref528606778]Table 2.1-2 (Table G.2.3-1 of TR38.810): TR38.810 simulation results for beam peak search for the constant step size grids based on 8x2
	Angular Step Size [deg]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	2.5
	10226
	0.02
	0.02
	0.05

	3.0
	7082
	0.02
	0.02
	0.08

	3.6
	4902
	0.04
	0.04
	0.11

	4.0
	3962
	0.05
	0.04
	0.14

	4.5
	3122
	0.06
	0.06
	0.17

	5.0
	2522
	0.07
	0.07
	0.21

	6.0
	1742
	0.10
	0.10
	0.31

	7.5
	1106
	0.16
	0.15
	0.48

	9.0
	762
	0.23
	0.22
	0.69

	10.0
	614
	0.29
	0.27
	0.84

	12.0
	422
	0.42
	0.39
	1.21

	15.0
	266
	0.65
	0.60
	1.88



Above tables show generally aligned simulation results between ours and TR38.810’s. The simulation result of TR38.810 is even a little tiny optimistic on the error estimation than ours. Above data approves that our simulator is verified and will not lead to too sparse measurement grid than expected.
Observation 2:	Our simulation based on 8x2 shows generally aligned results with that of TR38.810, and hence it is reliable for measurement grid derivation based on 4x2 array assumption.
With the same simulation program but changing antenna array configuration from 8x2 to 4x2, the simulation results are obtained. Figure 2.1-1 shows the histogram of beam peak error with different measurement grids.
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[bookmark: _Ref528401000][bookmark: _Ref528606051]Figure 2.1-1: Histogram of maximum beam peak errors for sample constant-step size meausurement grids based on 4x2 (left: 10o, middle: 12o, right: 15o step size)
And the statistical data is summarized in Table 2.1-3. Following the same rule in TR38.810, the MU term should be based on the determination of the offset from the beam peak that contains 95% of the distribution (alternatively, the value at which the CDF is 5%).  This offset shall be considered a systematic error in the MU budget, and 0.5dB is adopted as systematic error in TR38.810 for beam peak search. With the same criteria, simulation results in Table 2.1-3 show that constant step size grid with at least 422 grid points (corresponding to an angular step size of 12º) is suitable.

Proposal 2:	based on simulation results of 4x2 antenna array assumption, constant step size grid with at least 422 grid points (corresponding to an angular step size of 12º) is adopted for beam peak search.

Table 2.1-3: Our simulation results for beam peak search for the constant step size grids based on 4x2
	Angular Step Size [deg]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	2.5
	10226
	-
	-
	-

	3.0
	7082
	-
	-
	-

	3.6
	4902
	-
	-
	-

	4.0
	3962
	-
	-
	-

	4.5
	3122
	-
	-
	-

	5.0
	2522
	0.03
	0.03
	0.08

	6.0
	1742
	0.05
	0.04
	0.12

	7.5
	1106
	0.08
	0.06
	0.19

	9.0
	762
	0.11
	0.08
	0.27

	10.0
	614
	0.14
	0.10
	0.33

	12.0
	422
	0.20
	0.15
	0.48

	15.0
	266
	0.31
	0.23
	0.75



Simulation for spherical coverage and for constant density grid is FFS.
2.2	RSRP based RX beam peak search	
As discussed in section 2.1, RX beam peak search is the most time consuming test case taking more than 10hours due to EIS search. However, RX beam peak search based on RSRP is much faster. It is a pity to give up RSRP only based on the loosen RSRP measurement accuracy requirement in RRM spec TS38.133 which is not applicable for peak EIS measurement scenario. The SNR for RSRP measurement accuracy requirement in RRM spec is -3dB. Different from RRM test, in RF test the SNR of DL signal for beam correspondence is configured as at least 6dB, at beam peak direction, the SNR is more than 17dB. So for RX beam peak search, the SNR is about 20dB better than -3dB and hence RSRP measurement accuracy is significantly improved.
Observation 3:	for RX beam peak search, the SNR is about 20dB better than -3dB and hence RSRP measurement accuracy is significantly improved.
Looking back to the derivation of RSRP measurement accuracy requirement, it is observed that L1-RSRP accuracy requirement (6.5dB) consists three parts [2, R4-1904820]: 1.5dB obtained from simulation, 1dB from fading and 4dB for RF margin. It can be seen that only 1.5dB measurement accuracy is applicable for pure noise-free RF test even SNR is lower at -3dB.
Table 2.1-4: components comparison for RSRP accuracy between RF and RRM
	
	RF OTA REFSENS test (RX beam peak search)
	RRM

	SNR
	SNR>17dB
	SNR=-3dB (1.5dB contribution)

	Fading
	No fading
	With fading (1dB contribution)

	RF margin
	Not applicable for RSRP ranking
	With RF margin (4dB contribution)



Above Table 2.1-4 summarizes the components comparison which affects RSRP accuracy. Given so many difference between RF REFSENS test and RRM requirement, it can be expected that the RSRP accuracy at beam peak direction is much smaller than that RRM spec shows. Similar reference can be found during beam correspondence discussion which is also based on RSRP measurement but up to 6dB or 6.5dB RSRP accuracy is not adopted. As analysed in [3, R4-1905694]: “There is however a very important difference between the general RSRP error estimate in TS38.133, and the RSRP error as it contributes to BC degradation: since BC performance centres around a UE’s ability to rank its DL beams, we are only concerned with RSRP error contributors that can change from beam to beam.”  At the end of this paper, 0.7dB accuracy is proposed for SNR=6dB.
Based on above analysis, the RSRP accuracy at RX beam peak can be expected within 1dB.
Observation 4:	for RX beam peak search, RSRP accuracy at RX beam peak can be expected within 1dB
On the other hand, UE selects RX beam based on RSRP measurement results ranking. Even non optimum beam is selected as RX beam due to RSRP accuracy, the wrong selected beam could not be corrected by EIS scan.
Observation 5:	UE determines RX beam based on RSRP measurement results ranking and EIS scan has not any contribution to RX beam selection.
Moreover, the definition of RX beam peak in core specification TS38.101-2 is shown as below:
“RX beam peak direction: direction where the maximum total component of RSRP and thus best total component of EIS is found”
It can be seen that the RX beam peak direction is defined based on RSRP in core specification. It aligns with the practical behaviour of UE in field. It is not necessary to give up RSRP in test specification.
Observation 6:	RX beam peak direction is defined based on RSRP in core specification and aligns with practical UE behaviour in filed.
Based on above observations, it is convinced to adopt RSRP based approach into RX beam peak search test procedure.
Proposal 3:	RAN4 adopts RSRP based approach into RX beam peak search test procedure.
[bookmark: _GoBack]After applying RSRP based RX beam peak search, the metric for REFSENS is still EIS. RX beam peak direction is determined based on RSRP while REFSENS is determined by EIS measurement at RX beam peak direction.
2.3	other approaches	
Some other approaches are also agreed to be further studied, e.g. only one link polarization EIRP test for 2TX scenarios, as captured in the WF [1, R4-2017597] of last meeting:
· 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.
For EIRP of 2 layer UL MIMO, the TPMI configuration is already specified in core specification TS38.101-2, i.e. TPMI index=0, which means dual port uplink transmission with equal power scaling is enabled. So the measured EIRP does not vary with different link polarization because EIRP(PolLink=) = EIRP(PolLink=). For EIRP of one layer transmission, as long as dual polarization transmission is activated, either by 2TX TPMI or by transparent TX diversity, then the measured EIRP does not vary with different link polarization. So it is not necessary to test with different link polarization. In principle, only one link polarization EIRP test should be allowed for 2TX scenarios.
Proposal 4:	Only one link polarization EIRP test should be allowed for 2TX scenarios in principle.
Another approach to save test time is to further discuss beam sweeping techniques as captured in the WF [1, R4-2017597] of last meeting:
· Option1: As part of the enhanced test methods for FR2 study item, RAN4 should discuss beam sweeping techniques further
Based on the discussion in contribution [4], electric beam sweeping optimization is proposed so that 3D antenna test result of every beam could be obtained with shorter test time. We also observed that the proposed electric beam sweeping is useful for entire beam performance evaluation of millimetre wave antenna. 
From conformance test point of view, it is not required to test 3D pattern of every beam. In beam peak search and spherical coverage test, beam sweeping is done based on beam correspondence during the beam refined step before measurement, after measurement, an envelope pattern of all beams are obtained. For TRP test, the 3D pattern of peak beam is measured. However, 3D test of every beam is necessary in development phase and antenna module evaluation and calibration. For FR2 test method enhancement, it is not limited to conformance test but also beneficial for development and industry to reduce test time for all beams measurement.
Proposal 5:	beam sweeping further enhancement is necessary to save FR2 antenna test time for development and industry, and can be considered as one of test time saving approaches for FR2 test method enhancement SI.
3. 	Conclusion
Observation 1:	4x2 antenna array assumption based measurement grid is a practical and promising candidate test time saving method for PC3 UE and test time could be saved for all TX and RX test cases.
Proposal 1:	reuse the simulation assumption and rules for measurement grid derivation in TR38.810 except changing the array configuration from 8x2 to 4x2.
Observation 2:	Our simulation based on 8x2 shows generally aligned results with that of TR38.810, and hence it is reliable for measurement grid derivation based on 4x2 array assumption.
Proposal 2:	based on simulation results of 4x2 antenna array assumption, constant step size grid with at least 422 grid points (corresponding to an angular step size of 12º) is adopted for beam peak search.
Observation 3:	for RX beam peak search, the SNR is about 20dB better than -3dB and hence RSRP measurement accuracy is significantly improved.
Observation 4:	for RX beam peak search, RSRP accuracy at RX beam peak can be expected within 1dB
Observation 5:	UE determines RX beam based on RSRP measurement results ranking and EIS scan has not any contribution to RX beam selection.
Observation 6:	RX beam peak direction is defined based on RSRP in core specification and aligns with practical UE behaviour in filed.
Proposal 3:	RAN4 adopts RSRP based approach into RX beam peak search test procedure.
Proposal 4:	Only one link polarization EIRP test should be allowed for 2TX scenarios in principle.
Proposal 5:	beam sweeping further enhancement is necessary to save FR2 antenna test time for development and industry, and can be considered as one of test time saving approaches for FR2 test method enhancement SI.
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