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1
Introduction
In RAN4#98e meeting, good progress on FR2 test time reduction has been made, three approaches (i.e. New Measurement Grid, RSRP(B) based RX beam peak search, and Single link polarization measurement) have been identified as the 1st priority methods to reduce test time of FR2 test cases [1] [2]. In addition, some alternative techniques are also under discussion with 2nd priority [2].  
This paper further discusses the methodologies to reduce FR2 test time.

2
Discussion

2.1 New Measurement Grid (MG) based on 4x2 antenna array
The antenna assumption of 4x2 antenna array has been agreed for FR2 PC3, the Min Number of Grid Points for TX/RX Beam Peak Search have been derived [2]:

[image: image1]
Based on the agreements, a LS is prepared to inform RAN5 the new antenna array assumption and new measurement grids (Tx/Rx beam peak search) for PC3 [3]. 
The new TRP and spherical coverage measurement grids have not been derived based on 4x2 antenna array assumption.
Proposal 1: The TRP and spherical coverage measurement grids based on 4x2 antenna array assumption should be derived. 
In TR 38.810 Annex G.3 [4], the measurement grids are derived based on the following simulation assumptions:


[image: image2]
The simulation assumption with the antennas at the front and back for spherical coverage measurement grids is simple, but is not close to the real antenna array implementation of FR2 UE. Among many antenna locations (front, back, top-side, left-side, right-side, bottom-side, the spherical coverage requirements are defined based on the “Left/right” [5]. Furthermore, we noticed that for Rel-17 beam management sensitivity study in TR38.884, the following assumption is used [6]:
[image: image3.png]Hllustration of the two antenna arrays
integrated in the UE, for Rel-17 simulation




Figure 5.1.2.1-1 in TR38.884 : Simulated DUT antenna assumptions for beam management sensitivity study

Observation 1: Several DUT antenna location assumptions have been used for FR2 simulation.

Thus, it is important to consider which kind of antenna assumption should be adopted for new spherical measurement grids calculation. 

Proposal 2：RAN4 should decide the antenna location of 4x2 antenna array for spherical coverage measurement grids simulation, three options can be considered:

· Option 1: reuse the antenna array location defined in TR38.810 for Rel-15 spherical coverage measurement grid to keep the simulation parameters consistency (front and back, in the centre)
· Option 2: the antenna array location is aligned with that for Rel-15 spherical coverage requirement definition (left and right)
· Option 3: reuse the antenna array location in TR 38.884 for beam management sensitivity study (front and back, in the corner)
2.2 RSRP(B) based RX beam peak search  
The general idea of RSRP(B) based RX beam peak search has been agreed, but the detailed test procedure needs more discussions. In addition, the reasonable RSRP(B) accuracy at high power levels is not defined, thus the measurement uncertainty of this methods can not be well calculated.   
2.2.1 Test procedure for RSRP(B) based RX beam peak search  

There are two options for RSRP(B) based RX beam peak search, i.e. only RSRP(B)-based measurement or RSRP(B)&EIS-based measurement:
· Option 1: 3D scan RSRP(B)-based measurement, the RX beam peak direction is where the maximum total component of RSRP is found.

· Option 2: The 3D scan RSRP(B)-based measurement is used for searching the peak range, a second-step EIS peak searching is needed, and the final RX beam peak direction is where the maximum total component of EIS is found.

For Option 1, 3D RSRP scan was previously approved [7]and captured in [8], However, accuracy issues with this method were brought up in [9], then this approach was changed to pure EIS 3D scan method. Given the poor relative accuracy for low SNR side conditions [± 6dB], the proposed RSRP approach was not able to reliably determine the RX beam peak direction, i.e., the direction in which EIS is minimized. 

For option 2, the advantage of the RSRP measurement is that it is a rather fast measurement, thus, as a first step the RSRP measurement of the device could be used to narrow down the number of points required for an EIS measurement. given a 2nd step of small area EIS searching is needed, the test time could be much larger than option 1. However, the accuracy of the beam peak can be confirmed, if the 1st step potential peak searching is reliable.
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Figure 2: Illustration of the RSRP&EIS based Rx beam peak search
In principle RSRP&EIS based Rx beam peak search could be:
1.) Perform a 3D RSRP measurement on both polarizations for each point on the measurement grid.

2.) Determine all points on the measurement grid for which the reported total component is within a threshold [e.g. 1dB, accuracy of defined RSRP] of the maximum reported value over all grid points.

3.) Perform an EIS search on the identified grid points from step 2.

4.) The point where the best total component EIS is found is used as the Rx beam peak.

Proposal 3: Adopt RSRP(B)&EIS-based measurement for Rx beam peak search. 
At every RX beam peak grid position, a throughput measurement at this power level (at centre of quiet zone) is performed which is significantly faster than the EIS search. In case too many grid points have been identified as potential beam peak, the EIS peak search should be repeated with a safety/reasonable margin [x] dB. 
The threshold value to use for the 1st step RSRP search to identify the points for the 2nd step EIS should be further defined based on the accuracy of RSRP at high SNR level. Based on the outlined approach a compromise between measurement speed and accuracy can be achieved. 

To ensure the new search method is both accurate and reliable, RAN4 should discuss a reasonable threshold value for 1st step, considering testing time and RSRP accuracy.
Proposal 4: RAN4 should discuss a reasonable threshold value [x]dB for 2nd step EIS searching, after 1st step 3D RSRP scan. 

2.2.2 Reasonable RSRP(B) accuracy at high power levels  

The RSRP accuracy has been discussed, and the following agreements have been reached in the last RAN4 meeting [2]:
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The relative RSRP accuracy in the specification is defined with regards to measurements of an intra-frequency cell on the same frequency as the serving cell. The relative RSRP accuracy is a metric designed specifically to compare different cells, not to compare different RSRP reports of the same cell.  
Observation 2: Absolute and Relative SS RSRP in 38.133 are defined only for test purposes different than beampeak search and they cannot be used to determine the beampeak search accuracy.
For RSRP based Rx beam peak search, the UE ranks its available DL beams based on RSRP. Several contributions have discussed that the RSRP accuracy at high power level could be very small, and the RSRP accuracy should be defined based on simulation campaign. However, after reviewing the definition of RSRP in RRM spec, the RSRP accuracy define in TS 38.133 is not applicable for Rx beam peak searching, the new accuracy at high power level should not be defined according to the same simulation procedure for RRM.

Observation 3: The new accuracy of RSRP for Rx beam peak search at high power level should not be defined according to the same simulation procedure for RRM.

Assume the UE can pass EIS and EIS spherical coverage, the largest gain drop form peak direction to the directions which just fulfil the 50% spherical coverage requirement is -81.7 dBm/100 MHz + 68.9 dBm/100 MHz = 12.8 dB (at n259).
In TS 38.521-2, the DL power can at least reach the value below. Which means the SNR is very high, given the RF test system is noise limited, the system noise is actually the UE noise floor, so even use the value of -59dBm, the SNR could be better than 30dB. Consider the 12.8dB gain drop, for the beam directions fulfil spherical coverage, the SNR is larger than 17.2dB, which means that the RSRP is working at a very high DL power condition. 

 Table 7.4.5-1: Maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50
MHz 
	100
MHz
	200
MHz
	400
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-51 (NOTE 2,3) for band n257, n258 and n261
-59 (NOTE 2,3) for band n260

	NOTE 1:
The transmitter shall be set to 4 dB below the PUMAX,f,c as defined in subclause 6.2.4, with uplink configuration specified in Table 7.3.2.3.1-2.
NOTE 2:
Reference measurement channel is specified in Annex A.3.3: QPSK, R=1/3 variant with one sided dynamic OCNG Pattern as described in Annex A.

NOTE 3:
The test requirements deviate from minimum requirements by 26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz.


Observation 4: Even consider a bad UE performance which just pass the requirement of peak EIS and spherical coverage (i.e. gain drop ~12.8dB), for the beam directions fulfil spherical coverage, the SNR is larger than 17.2dB in a typical FR2 RF test system.
Proposal 5: RAN4 should develop a reasonable RSRP accuracy value for Rx beam peak search. 

Proposal 6: For RSRP accuracy analysis, the SNR>17dB condition should be considered. 

2.2.3 UE EIS performance impacts  

Given the RSRP is only for searching the candidate Beam Peaks, the final EIS is measured by 2nd step EIS searching. The impacts of RSRP(B)&EIS-based measurements on EIS performance can be negligible.
2.3 Other methods for test time reduction 
There are other methods to reduce the test time agreed for study [2], we share our views for each:
1) Define less sampling points for Rx test cases compared with Tx
· This approach is considered as an additional option based on the potential new measurement grid of 4x2, to further reduce the test time
· Needs further study the benefit after concluding the basic new measurement grid
If RSRP(B)&EIS-based measurements is adopted for Rx beam peak searching, then there would not need to develop a special sampling grid for Rx only. 

2)OEMs may declare search ranges where a beam peak is possibly located (e.g. hemisphere) along with applicable DUT alignment options
This is an option to reduce the test time, however there would be procedure issue in test lab if the beam peak is not found correctly due to the wrong hemisphere information declared by OEMs.

3)Alternative search algorithms (e.g., coarse and fine searching)
· This approach is considered as an additional option based on the potential new measurement grid of 4x2, to further reduce the test time
· For Rx test cases, further discuss the necessarily of this approach, if RSRP&EIS-based approach is adopted for Rx beam peak searching
If RSRP(B)&EIS-based measurements is adopted for Rx beam peak searching, then this alternative search algorithms would not be needed. 

4)Fast spherical coverage test procedure
· The approach can be applied in addition to the new measurement grids
· The approach is considered a test time improvement, further details on the text proposal can be discussed next meeting.
If RSRP(B)&EIS-based measurements is adopted for Rx beam peak searching, benefits of this approach need to be further discussed. 

3 Conclusion

In this paper, we share our proposals on FR2 test time reduction. 
Observation 1: Several DUT antenna location assumptions have been used for FR2 simulation.

Observation 2: Absolute and Relative SS RSRP in 38.133 are defined only for test purposes different than beampeak search and they cannot be used to determine the beampeak search accuracy.
Observation 3: The new accuracy of RSRP for Rx beam peak search at high power level should not be defined according to the same simulation procedure for RRM.

Observation 4: Even consider a bad UE performance which just pass the requirement of peak EIS and spherical coverage (i.e. gain drop ~12.8dB), for the beam directions fulfil spherical coverage, the SNR is larger than 17.2dB in a typical FR2 RF test system.
Proposal 1: The TRP and spherical coverage measurement grids based on 4x2 antenna array assumption should be derived. 
Proposal 2：RAN4 should decide the antenna location of 4x2 antenna array for spherical coverage measurement grids simulation, three options can be considered:

· Option 1: reuse the antenna array location defined in TR38.810 for Rel-15 spherical coverage measurement grid to keep the simulation parameters consistency (front and back, in the centre)
· Option 2: the antenna array location is aligned with that for Rel-15 spherical coverage requirement definition (left and right)
· Option 3: reuse the antenna array location in TR 38.884 for beam management sensitivity study (front and back, in the corner)
Proposal 3: Adopt RSRP(B)&EIS-based measurement for Rx beam peak search. 
Proposal 4: RAN4 should discuss a reasonable threshold value [x]dB for 2nd step EIS searching, after 1st step 3D RSRP scan. 

Proposal 5: RAN4 should develop a reasonable RSRP accuracy value for Rx beam peak search. 

Proposal 6: For RSRP accuracy analysis, the SNR>17dB condition should be considered. 
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Annex: Text Proposal to TR 38.884

--------------Start of text proposal -------------
8
Test time reduction

8.1
General

The verification methodologies for FR2 UE RF, UE RRM, and UE demodulation requirements are all OTA measurements. Given the complexity of OTA test system, the test time of RF, RRM and demodulation test have been dramatically increased compare with FR1 conducted test cases.
An example of test time of some FR2 RF test cases is listed in table 8.1-1.
Table 8.1-1: Feedback of actual FR2 testing time from one TE vendor (example) 
	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.


In addition, given all the FR2 UE should be tested with the DUT operated in stand-alone battery powered mode [3], which means much power charging time should also be considered, then the total testing time would be further increased. Therefore, proper approaches to reduce the FR2 test time significantly is a key issue to be resolved. 
8.2
New measurement grid

8.2.1
New measurement grids based on 4x2 antenna pattern assumption 
For PC3 UEs, an 4x2 antenna array has been agreed for measurement grid analyses. The table 8.2.1-1 and table 8.2.1-2 outline the antenna patterns for simulation. 

Table 8.2.1-1: Single Antenna Element Radiation Pattern

	Antenna element horizontal radiation pattern
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	Horizontal half-power beamwidth of single element
	260°

	Antenna element vertical radiation pattern
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	Vertical half-power beamwidth of single array element 
	130º

	Array element radiation pattern
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	Element gain without antenna losses
	GE,max = 1.5 dBi


Table 8.2.1-2: Composite Antenna Array Radiation Pattern

	Composite array radiation pattern in dB 
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	4 × 2

	Horizontal radiating element spacing dh/λ
	0.5

	Vertical radiating element spacing dv/λ
	0.5


Based on 4x2 antenna array, the following three types of measurement grids need to be derived:

-
Beam Peak Search Grid: using this grid, the TX and RX beam peak direction will be determined. 3D EIRP scans are used to determine the TX beam peak direction and 3D Throughput/RSRP/EIS scans for RX beam peak directions.

-
Spherical Coverage Grid: using this grid, the CDF of the EIRP/EIS distribution in 3D is calculated to determine the spherical coverage performance.

-
TRP Measurement Grid: using this grid, the total power radiated by the DUT in the TX beam peak direction is determined by integrating the EIRP measurements taken on the sampling grid.

Follow the analysis approach in TR38.810 Annex G, similar analyses based on 50k simulations have been performed for the 4x2 antenna array assumption. The global beam peak of the 4x2 antenna array was determined first. Subsequently, the relative orientation of the simulated antenna array and the measurement grid was altered randomly. The statistical results from simulations using 50k random orientations are then used for further analyses, summarized in table 8.2.1-3 for constant-step size grids and in Table 8.2.1-4 for constant-density grids. The simulation assumptions of the rotations were the same as those outlined in Annex G.1.1 of [3]. it should be noted that these measurement grids are derived without consideration of UE beam steering effect (i.e. beam correspondence).
Table 8.2.1-3: Statistical Analyses of the 50k simulations for the constant-step size grids

	Angular Step Size [o]
	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	7.5
	1106
	0.07
	0.05
	0.17

	9.0
	762
	0.10
	0.07
	0.25

	10.0
	614
	0.12
	0.09
	0.31

	11.25
	482
	0.15
	0.11
	0.38

	12.0
	422
	0.17
	0.13
	0.44

	12.86
	366
	0.20
	0.15
	0.50

	13.8
	314
	0.23
	0.17
	0.58

	15.0
	266
	0.27
	0.21
	0.69


 Table 8.2.1-4: Statistical Analyses of the 50k simulations for the constant-density grids

	Number of unique grid points
	Mean Error [dB]
	STD [dB]
	Offset5%CDF [dB]

	800
	0.07
	0.05
	0.17

	700
	0.09
	0.06
	0.20

	650
	0.09
	0.06
	0.21

	600
	0.10
	0.07
	0.23

	550
	0.11
	0.07
	0.25

	500
	0.12
	0.08
	0.28

	450
	0.13
	0.09
	0.31

	400
	0.15
	0.10
	0.35

	350
	0.17
	0.12
	0.39

	300
	0.20
	0.14
	0.46

	275
	0.22
	0.15
	0.50

	250
	0.24
	0.16
	0.55


Based on the previously agreed limit of Offset5%CDF of 0.5dB (systematic error), the following minimum number of grid points would be required for Beam Peak Search Grid. 

· Constant density grid with at least 275 grid points

· Constant step size grid with at least 366 grid points

Table 8.2.1-5: 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


The approximate test times for the 4x2 beam peak searches are as follows:

· Constant-Step Size: TX ~0.7hrs; RX ~4hrs

· Constant Density: TX ~0.5hrs; RX ~3hrs

TRP and spherical coverage measurement grid based on 4x2 antenna array is FFS.
Whether new peak search measurement grids should be derived with the consideration of UE beam steering/beam correspondence effect, is FFS. 

8.2.1
Applicability of the 4x2 measurement grids
Since RAN5 has decided on maximum test system uncertainties and test tolerances already, it is not suggested to change the assumptions at this point as this will have significant impact in RAN5 and industry since changes in MU/MTSU could have impact on certifications and test platform validations. Keep the system-related assumptions unchanged in RAN5, i.e., based on the previously agreed worst case 8x2 assumptions.

It is therefore the 4x2-antenna-based measurement grids are agreed as an additional option for FR2 test cases, but not replace previous 8x2 based measurement grids. The selection of measurement grid based on 4x2 or 8x2 is based on optional vendor declaration. By default, 4x2-based measurement grids can be adopted for FR2 PC3 test cases.  

The above new measurement grids based on 4x2 antenna array are applicable to both NTC and ETC test cases.
8.3
RSRP(B) based RX beam peak search
RSRP(B)-based RX beam peak search approach has been proposed so that beam peak searching time can be reduced significantly. Further details of the test procedure are FFS. 

8.3.1
Test procedure 
TBD
8.3.2
RSRP(B) accuracy 
TBD 

8.4
Single link polarization measurement 
As an enhancement to the FR2 2Tx test cases, it has been proposed to adopt a Single link polarization measurement to reduce the test time. Further details of the test procedure are FFS.   
8.5
Other methods 
--------------End of text proposal -------------
New Measurement Grid (MG) based on 4x2 array antenna assumption for PC3


New Measurement grid with 4x2 array is one of the basic approaches to reduce the test time of spherical coverage and TRP based test cases as well as beam peak searches.


New measurement grid by 4x2 array assumption should be recommended to RAN5 as additional option for PC3 conformance testing


Different measurement grid can be selected based on manufacturer declarations  


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.


Min Number of Grid Points for TX/RX Beam Peak Search


�





Regarding the antenna implementation and beamformer, the following assumptions have been made (refer to Figure G.3.1-1):


-	Two 8x2 antenna arrays are integrated in the UE for the spherical coverage analyses


-	The implementation loss for the antenna near the front is 5dB less than that for the antenna near the back


-	For Beam Steering Assumptions


-	In the xz plane, 45o beam steering granularity (from 45o to 135o) has been used


-	In the xy plane, 22.5o beam steering granularity (from -90o to 90o) has been used


�








FFS RAN4 need to define a reasonable RSRP(B) accuracy at high power levels which is different as current TS 38.133


The RSRP(B) accuracy should be defined based on simulation campaign in RRM session
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Figure 

G.3.1

-

1:  Illustration of the two antenna arrays integrated in the UE.
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