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[bookmark: _GoBack]1.	Introduction
In RAN4#98e meeting, three solutions have been agreed as prioritized methods for test time reduction objective, i.e. 1-MG (4x2 array based Measurement Grid), 2-RSRP (RSRP(B) based RX beam peak search), and 3-Single Pollink (Single link polarization for UL MIMO and Tx diversity), as shown in the approved WF [1].
In this contribution, we further discuss and refine the above three prioritized test time reduction methods.
2. 	Discussion
2.1	4x2 array based measurement grids
In RAN4#98e meeting, new measurement grid with 4x2 array was agreed as one of the basic approaches to reduce the test time of spherical coverage and TRP based test cases as well as beam peak searches. The simulation has been initially performed on the beam peak search measurement grid, and the simulation results aligned well between companies [2] [3], so the new beam peak measurement grid with 4x2 array has been agreed in the WF [1], reproduced as following table:
Table 2.1-1 Min Number of Grid Points for TX/RX Beam Peak Search


	                   Antenna
              Assumption

Grid Type
	8x2
	4x2
	Factor of Improvement

	Constant-Step Size
	1106
	366
	3.0

	Constant-Density
	800
	275
	2.9



It was also agreed in the WF [1] that new measurement grid for spherical coverage and TRP shall also be informed to RAN5:
· Inform RAN5 via LS to allow the spherical coverage, TRP and beam peak search measurement grid requirements to be relaxed based on an optional vendor declaration while keeping the system-related assumptions unchanged in RAN5, i.e., based on the previously agreed worst case 8x2 assumptions.

So the next job is to do new measurement grid simulation with 4x2 array for spherical coverage and TRP. Before performing these simulations, we need look into the criteria which was used to determine measurement grid points in TR38.810. The criteria in TR38.810 is summarized as following:
Table 2.1-2 Measurement grid criteria in TR38.810
	
	Criteria captured in Annex G of TR38.810

	Beam peak search measurement grid
	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%).
Taking into account simulation results and in order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for beam peak search the measurement grids leading to a systematic error of "Beam Peak Search" of 0.5 dB

	Spherical coverage measurement grid
	In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for spherical coverage grids measurement grids with at least 200 unique measurement points

	TRP measurement grid
	All four quadratures meet the 0.25dB standard deviation for the 15o step size measurement grid.



It is noticed that the criteria for beam peak search measurement grid and TRP measurement grid are almost aligned, because TRP error distribution is normal distribution and hence 0.25dB standard deviation corresponds to 0.5dB at 95% confidence level. So the criteria for both beam peak search and TRP measurement grid is based on 95% confidence level. It is worth to clarify that the error distribution for beam peak search grid is half-normal distribution while it is normal distribution for spherical coverage, as introduced in TR38.810 and shown in following figure.
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Figure 2.1-1 error distribution for beam peak search and spherical coverage (in TR38.810)
Depending on different error distribution, the standard deviation has different influence, summarized in following table assuming 0.5dB error at 95% confidence level:
Table 2.1-3 Measurement grid criteria based on 95% confidence level
	
	0.5dB at 95% confidence level
	Standard deviation 

	Beam peak search measurement grid
(half-normal distribution)
	0.5dB=3.27
	 = 0.15dB

	Spherical coverage measurement grid
(normal distribution)
	0.5dB=1.96
	 = 0.26dB

	TRP measurement grid
(normal distribution)
	0.5dB=1.96
	 = 0.26dB



We have verified the 8x2 array based measurement grid in TR38.810 with our simulation, the simulation results show that the 8x2 based measurement grid (1106 points for beam peak, 266 points for spherical coverage) aligns well with above table which corresponds 0.5dB at 95% confidence level.
[bookmark: _Ref1149432]Observation 1:	our simulation shows that the 8x2 array based measurement grids in TR38.810 corresponds to the same 0.5dB system error at 95% confidence level, though the standard deviation may be different for different test cases.

With 1000 random orientation, the histogram of spherical coverage after simulation is shown in the following figure.
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Figure 2.1-2 histogram of spherical coverage simulation based on 4x2 array with constant step size=20o
Based on observation 1, to keep the same MU (0.5dB at 95% confidence level), simulation for spherical coverage measurement grid based on 8x2 array and 4x2 array are performed respectively. 8x2 array with 15o step size shows 0.247dB standard deviation and 4x2 array with 20o step size shows 0.254dB standard deviation. The simulation results are summarized in below table.
Table 2.1-4 Min Number of Grid Points for TX/RX spherical coverage


	                   Antenna
              Assumption

Grid Type
	8x2
	4x2
	Factor of Improvement

	Constant-Step Size
	266
(15o step)
(=0.247dB)
	146
(20o step)
(=0.254dB)
	1.8





Based on above simulation results, new measurement grid for spherical coverage based on 4x2 array can be concluded as 146 points ((20o step size) for constant step size grid type.
[bookmark: _Ref1149451]Proposal 1:	adopt new measurement grid for spherical coverage based on 4x2 array as 146 points (20o step size) for constant step size grid type.

2.2	RSRP(B) based RX beam peak search	
The general idea of RSRP(B) based RX beam peak search is agreed in last RAN4 meeting and the main open issues for further refinement are as following as indicated in the WF [1]
· Further discuss whether to use RSRP or RSRPB for the procedure
· Detailed test procedure on only RSRP(B)-based measurement or RSRP(B)&EIS-based measurement needs further study

For the RX beam peak search test case, both RSRP and RSRPB are doable and there is no much difference while RSRPB provides more marginal information to TE side. The marginal information may be beneficial for development and debug.  Considering that SS-RSRPB test interface has been defined in TR38.810 and the signalling flow in test loop has been well specified in TS38.509, it is slightly preferred to reuse the SS-RSRPB for RX beam peak search test procedure.
Proposal 2:	For the RX beam peak search test case, both RSRP and RSRPB are doable, and it is slightly preferred to reuse previously defined SS-RSRPB.
About RSRP(B)-based measurement or RSRP(B)&EIS-based measurement, it is related to the concern about the UE RSRP measurement accuracy. As having analyzed in our previous contribution [3], the RSRP measurement accuracy specified in the RRM specification TS38.133 is over estimated for RF test cases which is noise free test condition, especially for RX beam peak, the SNR condition is very good and the actual RSRP accuracy is comparable with EIS measurement uncertainty, so it is not necessary to refine RX beam peak direction with EIS local scan in addition to RSRP global scan. Moreover, in real network UE decides best RX beam direction only relying on RSRP measurement without assistance of EIS.
Proposal 3:	only RSRP(B)-based measurement is enough for RX beam peak search and additional EIS local scan is not necessary.
2.3	Single Pollink for UL MIMO and Tx diveristy	
Single link polarization measurement is also one of the prioritized method to reduce test time and confirmed feasible in principle for EIRP test of UL MIMO and TX diversity, as indicated in the WF [1]:
· Single link polarization measurement is feasible for EIRP test in principle and details can be further optimized
· Further study antenna impact etc.

For Single link polarization EIRP measurement of 2TX scenarios, the basic question is which Pollink should be chosen. 
During the discussion of last meeting, further study on antenna impact is proposed. For example, some UE may implement end fire antenna besides patch antenna, or the dual polarization is not orthogonal to each other, there is possibility that beam correspondence condition may not be well satisfied for one of the two Pollink, so it may not be appropriate to randomly select Pollink for 2Tx test. To accommodate different UE antenna implementation and non-orthogonal polarization, it may be considered to select the Pollink which corresponds to better RSRP reporting from UE. In this case, the better beam correspondence condition is already chosen.
On the other hand, non-orthogonal polarization antenna implementation is not suitable for UL MIMO for FR2 millimetre waves, so it is a corner case. For non-orthogonal polarization antenna implementation, there is call connection issue even testing with dual Pollinks. For UL MIMO in FR2, orthogonal polarization is always common implementation, and hence a random selection of Pollink can be considered as default.
Proposal 4:	for EIRP test of UL MIMO and Tx diversity, by default single Pollink can be randomly selected from either theta Pollink or phi Pollink.
3. 	Conclusion
Observation 1:	our simulation shows that the 8x2 array based measurement grids in TR38.810 corresponds to the same 0.5dB system error at 95% confidence level, though the standard deviation may be different for different test cases.
Proposal 1:	adopt new measurement grid for spherical coverage based on 4x2 array as 146 points (20o step size) for constant step size grid type.
Proposal 2:	For the RX beam peak search test case, both RSRP and RSRPB are doable, and it is slightly preferred to reuse previously defined SS-RSRPB.
Proposal 3:	only RSRP(B)-based measurement is enough for RX beam peak search and additional EIS local scan is not necessary.
Proposal 4:	for EIRP test of UL MIMO and Tx diversity, by default single Pollink can be randomly selected from either theta Pollink or phi Pollink.
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