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1 General

1.1 Contribution list

	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1814552
	Combined CR to TR 38.810 after RAN4 #88bis and RAN4 #89
	Intel Corporation
	CR
	Approval
	10.1.1
	available

	R4-1814555
	Draft CR to TR 38.810 – Test methods applicability to FR2 UE power classes
	Intel Corporation
	draftCR
	Endorsement
	10.1.1
	available


1.2 Summary of proposals

	Company / Tdoc
	Summary

	Draft CRs

	Intel 
(R4-1814555)
	Reason for change: The test methods applicability to different UE power classes is not clearly captured in the TR 38.810.

Summary of change:
Capture the test methods applicability to FR2 UE power class 3 based on the agreements in R4-1813863.


1.3 Main session conclusions

	R4-1814555
Draft CR to TR 38.810 – Test methods applicability to FR2 UE power classes





38.810
  CR-  rev  Cat:  (Rel-16) v16.0.0





Source: Intel Corporation

Decision: 

The document was Endorsed.



2 RF testing methodology

2.1 Contribution list

	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1815785
	Draft CR for TR38.810 - EIRP measurement procedure
	Intel
	draftCR
	Endorsement
	10.1.2
	available

	R4-1814419
	On Min. EIRP at target CDF for spherical coverage
	Keysight Technologies UK Ltd, Rohde & Schwarz
	other
	Approval
	10.1.2.1
	available

	R4-1814420
	On Beam Peak Search Measurement Grids
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2.1
	available

	R4-1814513
	EIRP measurement grids with test time
	Samsung
	discussion
	Approval
	10.1.2.1
	available

	R4-1814514
	Draft CR to TR 38.810: EIRP measurement grids
	Samsung
	draftCR
	Endorsement
	10.1.2.1
	available

	R4-1814605
	DraftCR to TR38.810 to update TRP Measurement Grids Annex
	Keysight Technologies UK Ltd
	draftCR
	Agreement
	10.1.2.1
	available

	R4-1814813
	Discussion on measurement grids for EIRP spherical coverage and TX beam peak search
	LG Electronics Finland
	discussion
	 
	10.1.2.1
	available

	R4-1814837
	On EIRP Spherical Coverage Measurement Grids
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2.1
	available

	R4-1814838
	On EIS Spherical Coverage Measurement Grids
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2.1
	available

	R4-1814839
	On Coarse and Fine Measurement Grids for Beam Peak Searches
	Keysight Technologies UK Ltd
	other
	Approval
	10.1.2.1
	reserved

	R4-1815334
	Implementing Constant Density Measurement Grids in an Optimal Way
	EMITE
	discussion
	Approval
	10.1.2.1
	reserved

	R4-1815394
	On Spherical Coverage Measurement Grids for NR FR2
	Rohde & Schwarz
	discussion
	Approval
	10.1.2.1
	available

	R4-1815395
	Beam Peak and Spherical Coverage Procedure
	Rohde & Schwarz
	discussion
	Approval
	10.1.2.1
	available

	R4-1815396
	Addition of Beam Peak direction search and Spherical Coverage to 38.810
	Rohde & Schwarz
	CR
	Agreement
	10.1.2.1
	reserved

	R4-1814840
	DraftCR to TR38.810 to correct QoQZ Procedure Applicability
	Keysight Technologies UK Ltd
	draftCR
	Approval
	10.1.2.2
	available

	R4-1815337
	On how to obtain UE beam peak directions with Reverberation Chamber test method
	EMITE
	discussion
	Discussion
	10.1.2.2
	reserved

	R4-1815624
	dCR for 38.810: Revise formula for FR2 OTA EIS metric
	Qualcomm Incorporated
	draftCR
	Endorsement
	10.1.2.2
	available

	R4-1815626
	On OTA EIS metric in FR2
	Qualcomm Incorporated
	other
	Approval
	10.1.2.2
	available


2.2 Summary of proposals

	Company / Tdoc
	Summary

	Discussion papers

	Keysight, R&S
(R4-1814419)
	Proposal: For the case when the target CDF is not met with any EIRP values, it is proposed to determine the min. EIRP at the target CDF based on an interpolation of the CDF curve between the raising edges located right above the CDF target and right below the target. For the case where the target CDF is met with one more or EIRP value, define the min. EIRP at the target CDF as the min. EIRP value that meets the CDF target.

	Keysight
(R4-1814420)
	Proposal 1: Consider the mean error (when compared to reference 8x2 antenna beam peak) of the statistical distribution as systematic error and the standard deviation as MU element in DUT measurement stage. 

Observation 2: A maximum deviation of power levels referenced to the beam peak should not be considered as standard deviation in the uncertainty budget. 

Observation 3: Practical measurement grids of less than 1000 unique measurement points yield mean errors of less than 0.15dB and standard deviations of less than 0.15dB. 

Proposal 2: Consider beam peak search grids with at least 750 unique measurement points, i.e.,

· Constant density grid with at least 750 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

· Constant step size grid with at least 762 grid points: MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

	Samsung
(R4-1814513)
	Results

Table 1: Simulated EIRP deviations based on 4x1 antenna array at 50%-tile CDF
Constant step (dB)
Constant density (dB)
Points
Resolution
(deg)
Standard deviation
Max deviation
Standard deviation
Max deviation
2664
5
0.2
0.3
0.1
0.1
684
10
0.3
0.6
0.1
0.1
312
15
0.5
1.0
0.1
0.3
84
30
1.0
2.3
0.4
0.8
Table 2: Simulated EIRP deviations based on 8x2 antenna array at 50%-tile CDF
Constant step (dB)
Constant density (dB)
Points
Resolution
(deg)
Standard deviation
Max deviation
Standard deviation
Max deviation
2664
5
0.1
0.2
0.1
0.1
684
10
0.4
1.0
0.2
0.4
312
15
0.7
1.5
0.4
0.8
84
30
1.6
5.0
0.7
1.5
Observation 1: Using 312 grid points (15 degree resolution) for 4x1 antenna array measurement, maximum deviation of 1.0 dB for constant step and 0.3 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.5 dB for constant step and 0.8 dB for constant density can be guaranteed in terms of maximum deviation.

Observation 2: Using 684 grid points (10 degree resolution) for 4x1 antenna array measurement, maximum deviation of 0.6 dB for constant step and 0.1 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.0 dB for constant step and 0.4 dB for constant density can be guaranteed in terms of maximum deviation.

Observation 3: A resolution of 15 degrees (312 grid points) is reasonable grid for PC3 UE, and it is the feasible way for the real FR2 market in terms of the measurement time.

Observation 4: Depending on the beamwidth and approach, a resolution of 10 degrees (684 grid points) is also reasonable.

Based on the above observations, we would like to propose: 

Proposal 1: Both constant step and constant density approaches should be considered under MU of less than 1.0 dB.

Proposal 2: Minimum number of grid points for PC3 EIRP spherical coverage test should be 684 using constant step approach or 312 using constant density approach under assumption of 4x1 antenna array.

	LGE
(R4-1814813)
	degree
MG point
MU
1
64440
0.1076
2.5
10224
0.4988
4
3960
1.0564
5
2520
1.5548
10
612
4.6675
From the analyses of EIRP Spherical coverage and beam peak search measurement grids, three important observations have been found:

· Observation 1: Three constant step (2.5°, 5°, 10°) EIRP spherical coverage produces less than 0.3 dB between 2.5° and 10° step size at 50%-tile CDF.
· Observation 2: 2.5°, 5°, and 10° constant step size of EIRP spherical coverage with random orientations produces 0.4 dB, 0.8 dB, and 2 dB MU at 50%-tile CDF.
· Observation 3: 4° constant step size (3960 measurement grid points) with random UE orientations produces 1 dB MU for Tx beam peak search. 
Based on the observations above, proposals that possibly can reduce OTA test time of EIRP spherical coverage and beam peak search approaches are introduced:

· Proposal 1: Constant step size measurement grids for EIRP spherical coverage CDF should be relaxed to 5° step size and it definitely can reduce the OTA test time and satisfy the performance of UE.
· Proposal 2: The 4° constant step size can ensure good performance of UE under 1 dB MU and it also reduces OTA test time for Tx beam peak search.  

· Proposal 3: RAN4 should consider the coarse and fine search based on the proposal 1 and 2 for testing EIRP spherical coverage, and Tx beam peak to reduce OTA test time.

	Keysight
(R4-1814837)
	Observation 1: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~300 unique measurement points for constant step size grids. 

Observation 2: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is negligible (0.1dB) for more than ~62 unique measurement points for constant step size grids. 

Observation 3: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the standard deviation of the EIRP50%CDF is negligible (<0.1dB) for more than ~200 unique measurement points for constant density size grids. 

Observation 4: For the 8x2 reference antenna array with the beam peak always aligned on the measurement grid, the mean error of the EIRP50%CDF is always negligible (0.1dB) even for very small number of measurement points for constant density size grids. 

Observation 5: The constant density measurement grids require slightly fewer measurement points than the constant step size grids to achieve the same standard deviation. 

Observation 6: For the 8x2 reference antenna array, the standard deviation of the EIRP at the 50%-tile CDF is independent on whether the beam peak is on the measurement grid or not. 
Proposal 1: Consider spherical coverage grids with at least 200 unique measurement points, i.e., 

· constant density grid with at least 200 grid points: STD of 0.11dB and 0dB Mean Error size

· constant step size grid with at least 266 grid points: STD of 0.12dB and 0dB Mean Error (15deg step)

Proposal 2: Allow the EIRP spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

Observation 7: The standard deviations of the EIRP at the 50%-tile CDF are smaller for the 4x2 antenna array than for the 8x2 antenna array, especially for small number of grid points. 

	Keysight

(R4-1814838)
	Proposal 1: Consider spherical coverage grids with at least 200 unique measurement points, i.e., 

· constant density grid with at least 200 grid points: STD of 0.1dB and Mean Error: DL power step size

· constant step size grid with at least 266 grid points: STD of 0.12dB and Mean Error: DL power step size 

Proposal 2: Allow the EIS spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

	Rohde & Schwarz
(R4-1815394)
	Proposal 1: Since the spherical coverage requirements are only defined at the 50 percentile, it is not necessary to align the beam peak to a point on the measurement grid for spherical coverage measurements.

Proposal 2: Use a maximum step size of 30 degrees (i.e. 62 measurement points) for constant step size EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.

Proposal 3: Use a minimum of 40 measurement points for constant density EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.

Proposal 4: Use the same minimum number of measurement points for EIRP and EIS spherical coverage measurement grids.

	Qualcomm
(R4-1815626)
	Proposal 1: The EIST metric is not suitable for recording EIS performance by link angle for FR2 UEs   

Proposal 2: The EIS metric for FR2 (‘EISFR2’) shall be:

EISFR2() = 2*[1/EIS() +1/EIS()]-1

	Draft CRs / TPs

	Intel
(R4-1815785)
	Reason for change: Current description of TX beam peak search, peak EIRP and spherical coverage measurement procedure is a bit unclear

Summary of change: Provided relevant details for more clarity on the measurement procedure of peak EIRP and spherical coverage requirements, as well as TX beam peak search

	Samsung
(R4-1814514)
	Reason for change: Corrections in this draft CR follows the agreement on EIRP measurement procedure to be discussed.


Summary of change:
Revise the number of points for EIRP the measurements and assumptions to reduce OTA test time reasonably

	Keysight
(R4-1814605)
	Reason for change: Correct TRP equations and add analyses of TRP measurement grids

Summary of change: The TR38.810 currently has typos for the TRP equations and is missing TRP analyses of the different measurements grid types and implementations.

	Rohde & Schwarz
(R4-1815395)
	TP o clarify the procedure to test the spatial coverage and obtain the corresponding metric.



	Keysight
(R4-1814840)
	The TR 38.810 is referencing the old approach of baseline system and does not include the IFF applicability in the Annex of the Quality of Quiet Zone procedure.

	Qualcomm
(R4-1815624)
	Implement proposals in R4-1815626


2.2.1 Summary of measurement grid proposals

2.2.1.1 TX beam peak search

	Company
	Constant Step Size Grid
	Constant Density Grid 

	Keysight
	750 points with MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)
	762 grid points with MU “Influence of Beam Peak Search” of 0.25dB and 0.25dB Mean Error size (Systematic Error of “Beam Peak Search”)

	LGE
	3960 (4deg) with 1.05 dB MU (8x2)
	

	Samsung
	[Same as EIPR spherical coverage]
	[Same as EIPR spherical coverage]

	
	
	


Keysight

Table 1: Statistical Analyses of the 1M simulations for the constant step size grids

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

	2.5
	10226
	0.02
	0.02

	3.0
	7082
	0.02
	0.02

	3.6
	4902
	0.04
	0.04

	4.0
	3962
	0.04
	0.04

	4.5
	3122
	0.06
	0.06

	5.0
	2522
	0.07
	0.07

	6.0
	1742
	0.10
	0.10

	7.5
	1106
	0.16
	0.15

	9.0
	762
	0.23
	0.22

	10.0
	614
	0.29
	0.27

	12.0
	422
	0.42
	0.39

	15.0
	266
	0.65
	0.60


Table 2: Statistical Analyses of the 1M simulations for the constant-density grids

	Number of unique grid points
	Mean Error [dB]
	STD [dB]

	50
	2.93
	2.24

	70
	2.13
	1.68

	100
	1.50
	1.23

	150
	0.99
	0.82

	200
	0.74
	0.61

	300
	0.49
	0.40

	400
	0.37
	0.30

	500
	0.29
	0.24

	750
	0.20
	0.16

	1000
	0.15
	0.12

	1500
	0.10
	0.08

	2000
	0.07
	0.06

	3000
	0.05
	0.04

	4000
	0.04
	0.03

	6000
	0.02
	0.02

	8000
	0.02
	0.02


Table 3: Minimum number of unique grid points for sample systematic errors

	Systematic Error of ‘Beam Peak Search’: Mean Error 
	MU ‘Influence of Beam Peak Search’ in DUT Measurement Stage
	Minimum Number of Unique Grid Points for Constant Step Size Grid
	Minimum Number of Unique Grid Points for Constant Density Grid

	0.10dB
	0.10dB
	1742 (6o step size)
	1500

	0.15dB
	0.15dB
	1106 (7.5ostep size)
	1000

	0.25dB
	0.25dB
	762 (9o step size)
	750

	0.5dB
	0.40dB
	422 (12o step size)
	300


LGE

	degree
	MG point
	MU

	1
	64440
	0.1076

	2.5
	10224
	0.4988

	4
	3960
	1.0564

	5
	2520
	1.5548

	10
	612
	4.6675


2.2.1.2 EIPR spherical coverage

	Company
	Constant Step Size Grid 
	Constant Density Grid 

	Samsung
	312 grid points: 1.0 dB MU for 4x1 array, 1.5 dB MU for 8x2 array

684 grid points: 0.6 dB MU for 4x1 array, 1.0 dB MU for 8x2 array

[beam peak aligned on grid points ?]
	312 grid points: 0.3 dB MU for 4x1 array, 0.8 dB MU for 8x2 array

684 grid points: 0.1 dB MU for 4x1 array, 0.4 dB MU for 8x2 array

[beam peak aligned on grid points ?]

	LGE
	2520 (5deg) with 1.55dB MU (8x2)

[beam peak aligned on grid points ?]
	

	Keysight
	Beam peaks not aligned with grid: At least 266 grid points: STD of 0.11dB and 0dB Mean Error size
Beam peaks not aligned with grid
	At least 200 grid points: STD of 0.12dB and 0dB Mean Error size
Beam peaks not aligned with grid

	R&S
	A maximum step size of 30 degrees (i.e. 62 measurement points) with a standard deviation of below 0.5 dB.

Beam peaks not aligned with grid


	A minimum of 40 measurement points with a standard deviation of below 0.5 dB.
Beam peaks not aligned with grid



	
	
	


Samsung

Table 1: Simulated EIRP deviations based on 4x1 antenna array at 50%-tile CDF
	
	Constant step (dB)
	Constant density (dB)

	Points
	Resolution
(deg)
	Standard deviation
	Max deviation
	Standard deviation
	Max deviation

	2664
	5
	0.2
	0.3
	0.1
	0.1

	684
	10
	0.3
	0.6
	0.1
	0.1

	312
	15
	0.5
	1.0
	0.1
	0.3

	84
	30
	1.0
	2.3
	0.4
	0.8


Table 2: Simulated EIRP deviations based on 8x2 antenna array at 50%-tile CDF
	
	Constant step (dB)
	Constant density (dB)

	Points
	Resolution
(deg)
	Standard deviation
	Max deviation
	Standard deviation
	Max deviation

	2664
	5
	0.1
	0.2
	0.1
	0.1

	684
	10
	0.4
	1.0
	0.2
	0.4

	312
	15
	0.7
	1.5
	0.4
	0.8

	84
	30
	1.6
	5.0
	0.7
	1.5


Keysight
Table 1: Statistical results of the EIRP50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point.

	Step Size [o]
	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	2.0
	16022
	0.01
	-0.02
	0.03
	0.00

	2.5
	10226
	0.01
	-0.04
	0.04
	0.00

	3.0
	7082
	0.01
	-0.05
	0.04
	0.00

	4.0
	3962
	0.02
	-0.08
	0.07
	0.00

	5.0
	2522
	0.03
	-0.10
	0.10
	0.00

	6.0
	1742
	0.03
	-0.14
	0.10
	0.00

	9.0
	762
	0.05
	-0.23
	0.24
	0.01

	10.0
	614
	0.06
	-0.32
	0.24
	0.01

	12.0
	422
	0.07
	-0.26
	0.22
	0.01

	15.0
	266
	0.12
	-0.69
	0.45
	0.01

	20.0
	146
	0.16
	-0.47
	0.61
	0.06

	22.5
	114
	0.27
	-1.40
	0.68
	0.04

	30.0
	62
	0.47
	-1.65
	1.10
	0.09

	45.0
	26
	0.91
	-3.42
	1.34
	0.20


Table 2: Statistical results of the EIRP50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.

	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	30
	0.48
	-1.74
	1.72
	0.01

	40
	0.45
	-1.85
	1.39
	0.05

	50
	0.37
	-1.68
	1.14
	0.06

	70
	0.25
	-1.11
	0.71
	0.08

	100
	0.18
	-0.82
	0.69
	0.04

	150
	0.15
	-0.61
	0.60
	0.02

	200
	0.10
	-0.53
	0.40
	0.01

	300
	0.08
	-0.37
	0.25
	0.01

	400
	0.07
	-0.28
	0.33
	0.01

	500
	0.06
	-0.30
	0.20
	0.01


Table 3: Statistical results of EIRP50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak oriented in completely random orientations.

	Step Size [o]
	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	9
	762
	0.05
	-0.21
	0.21
	0.00

	10
	614
	0.06
	-0.22
	0.27
	0.00

	12
	422
	0.07
	-0.38
	0.27
	0.01

	15
	266
	0.12
	-0.61
	0.45
	0.01

	20
	146
	0.17
	-0.65
	0.54
	0.02

	23
	114
	0.23
	-1.14
	0.69
	0.05

	30
	62
	0.49
	-1.85
	1.48
	0.13

	45
	26
	0.83
	-3.60
	2.11
	0.27


Table 4: Statistical results of EIRP50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak oriented in completely random orientations.

	Number of unique grid points
	STD [dB]
	Min 50%-tile CDF Norm. EIRP [dB]
	Max 50%-tile CDF Norm. EIRP [dB]
	|Mean Error| [dB]

	30
	0.56
	-1.91
	1.78
	0.14

	40
	0.51
	-2.14
	1.80
	0.15

	50
	0.41
	-1.59
	1.57
	0.11

	70
	0.26
	-1.32
	1.02
	0.07

	100
	0.19
	-0.97
	0.77
	0.03

	150
	0.17
	-0.80
	0.62
	0.02

	200
	0.11
	-0.58
	0.42
	0.02

	300
	0.08
	-0.37
	0.30
	0.01

	400
	0.07
	-0.26
	0.24
	0.01

	500
	0.06
	-0.28
	0.23
	0.01


2.2.1.3 EIS spherical coverage

	Company
	Constant Step Size Grid 
	Constant Density Grid

	R&S
	Same as EIRP spherical coverage


	Same as EIRP spherical coverage



	Keysight
	Beam peaks not aligned with grid: At least 266 grid points: : STD of 0.11dB and Mean Error: DL power step size
Beam peaks not aligned with grid


	At least 200 grid points: STD of 0.12dB and Mean Error: DL power step size
Beam peaks not aligned with grid


Keysight

Table 1: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak always aligned on a grid point.

	
	
	DL Power Step Size: infinitesimal 
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Step Size [o]
	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]

	6.0
	1742
	0.03
	0.01
	0.24
	0.03
	0.10
	0.25
	0.03
	0.51
	0.23
	0.02
	1.02
	0.22

	9.0
	762
	0.05
	0.02
	0.50
	0.05
	0.12
	0.48
	0.05
	0.52
	0.44
	0.04
	1.03
	0.42

	10.0
	614
	0.06
	0.01
	0.61
	0.06
	0.10
	0.54
	0.07
	0.51
	0.56
	0.05
	1.02
	0.53

	12.0
	422
	0.08
	0.02
	0.58
	0.08
	0.11
	0.55
	0.07
	0.51
	0.53
	0.07
	1.02
	0.49

	15.0
	266
	0.13
	0.02
	1.15
	0.12
	0.10
	1.15
	0.12
	0.51
	1.01
	0.10
	1.04
	0.97

	20.0
	146
	0.18
	0.11
	1.13
	0.18
	0.18
	1.14
	0.17
	0.58
	1.21
	0.17
	1.10
	1.27

	22.5
	114
	0.29
	0.09
	2.07
	0.29
	0.17
	2.07
	0.28
	0.55
	1.90
	0.28
	1.07
	1.89

	30.0
	62
	0.50
	0.03
	2.93
	0.50
	0.04
	2.90
	0.49
	0.39
	2.92
	0.49
	0.86
	3.10

	45.0
	26
	0.91
	0.34
	4.76
	0.92
	0.43
	4.83
	0.92
	0.72
	4.92
	0.89
	1.17
	5.33


Table 2: Statistical results of the EIS50%CDF for the 8x2 antenna array for constant density measurement grids and the beam peak always aligned on a grid point.

	 
	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]
	STD [dB]
	|Mean Error| [dB]
	Span [dB]

	30
	0.50
	0.01
	3.63
	0.50
	0.09
	3.60
	0.51
	0.39
	3.20
	0.47
	0.91
	3.28

	40
	0.45
	0.05
	3.19
	0.45
	0.02
	3.20
	0.44
	0.34
	2.79
	0.43
	0.88
	2.83

	50
	0.37
	0.06
	2.83
	0.37
	0.01
	2.80
	0.38
	0.34
	2.83
	0.38
	0.87
	2.85

	70
	0.23
	0.08
	1.90
	0.23
	0.15
	1.80
	0.23
	0.51
	1.80
	0.23
	1.04
	1.74

	100
	0.19
	0.04
	1.35
	0.19
	0.13
	1.35
	0.20
	0.50
	1.44
	0.18
	1.05
	1.22

	150
	0.15
	0.03
	1.23
	0.15
	0.06
	1.23
	0.15
	0.44
	1.19
	0.14
	0.97
	1.18

	200
	0.10
	0.00
	0.93
	0.09
	0.08
	0.88
	0.10
	0.48
	0.79
	0.09
	1.01
	0.73

	300
	0.08
	0.02
	0.65
	0.07
	0.07
	0.58
	0.08
	0.47
	0.60
	0.07
	1.01
	0.53

	400
	0.07
	0.01
	0.52
	0.06
	0.08
	0.54
	0.07
	0.48
	0.45
	0.05
	1.00
	0.43

	500
	0.06
	0.01
	0.42
	0.05
	0.08
	0.43
	0.06
	0.48
	0.45
	0.05
	1.00
	0.43


2.3 Previous agreements

RAN4 88bis: R4-1814310 Way Forward on Measurement Grids for Beam Peak Search & Spherical Coverage

	Background

· Two measurement grids are considered
· Beam Peak Search Grid: using this grid, the TX and RX beam peak direction will be determined using 3D EIRP (for TX beam peak direction) and 3D RSRP/Throughput/EIS measurements (for RX beam peak directions). 
· Spherical Coverage Grid: using this grid, the CDF of EIRP/EIS values in 3D is calculated to determine the spherical coverage performance. 
· TX and RX Beam Peak Search approaches currently defined in TR38.810 require a very large number of grid points which in effect yield long test times
· TX: The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid points that is 10224 (2.5deg step size) using constant step approach or 7080 using constant density approach (using the charged particle implementation).
· RX: The RX beam peak direction is found with a 3D RSRP scan (separately for each orthogonal polarization) with a same grid points as 3D EIRP scan. The RX beam peak direction is where the maximum total component of RSRP is found.
· Based on the high relative RSRP accuracy of [±6]dB, the current assumption “The RX beam peak direction is where the maximum total component of RSRP is found.” can no longer be used to determine the RX beam peak direction if the search approach is solely based on RSRP.
· The minimum number of grid points and associated MU elements for EIRP/EIS spherical coverage test cases require the agreement of antenna and beamformer assumptions made this meeting in [R4-1813581 or R4-1813864]
Simulation Assumptions for Spherical Coverage

· Orientations/Rotations:

· 10000 random relative orientations between the simulated UE and the respective measurement grids will be analysed

· The rotations of UE/grid will be along q and f as well as around the beam peak

· The rotations along q will utilize a sin(q) weighting to assume a uniform sampling on the surface

· When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(theta)
EIRP Spherical Coverage

· Using the agreed antenna & beamformer and simulation assumptions, companies are encouraged to determine the minimum number of grid points for PC3 EIRP spherical coverage test cases for MUs (at 50%-tile CDF) of 0.5, 1.0 and 1.5 dB
· The main analyses should be performed with the TX beam peak aligned on grid points
· Analyses may be performed for constant step as well as constant density grids
· Analyses for additional MUs are not precluded
· Options:
MU
Constant Step Size Grid with beam peak aligned on grid points
Constant Density Grid with beam peak aligned on grid points
0.5 dB
# of Test Points:
10224 (2.5deg step size)
# of Test Points:
1.0 dB
# of Test Points:
# of Test Points:
1.5 dB
TX Beam Peak Search

· Test time can be reduced by relaxing the reducing the min. number of grid points while increasing the MU of the TX Beam Peak Search 
· A concrete proposal for TX Beam Peak Search based on a coarse search (10o constant step size) and a fine search (2.5o constant step size) was presented in [R4-1813582] which could yield savings in test time
· Note: other angular step sizes are not precluded
· Options:
MU
Single Constant Step Size Grid
Single Constant Density Grid
Coarse&Fine Constant Step Size Grid
Coarse&Fine Constant Density Grid
0.5dB
10224 (2.5deg step size)
Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
1dB
Grid Details:
# of Test Points:
Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
1.5 dB
Grid Details:
# of Test Points:
Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
EIS Spherical Coverage
· Test time could be reduced by adopting an RSRQ based search as proposed in [R4-1813270]
· Using the agreed antenna&beamformer and simulation assumptions, companies are encouraged to determine the minimum number of grid points for PC3 EIS spherical coverage test cases for MUs (at 50%-tile CDF) of 0.5, 1.0 and 1.5 dB
· Analyses may be performed for constant step as well as constant density grids
· Analyses for additional MUs are not precluded
· Options:
MU
Constant Step Size Grid with beam peak aligned on grid points with EIS sweep
Constant Density Grid with beam peak aligned on grid points
with EIS sweep
Constant Step Size Grid with beam peak aligned on grid points with RSRQ search
Constant Density Grid with beam peak aligned on grid points
with RSRQ search
0.5dB
# of Test Points:
# of Test Points:
# of Test Points:
# of Test Points:
1dB
# of Test Points:
# of Test Points:
# of Test Points:
# of Test Points:
1.5 dB
# of Test Points:
# of Test Points:
# of Test Points:
# of Test Points:
RX Beam Peak Search
· Test time can be reduced by relaxing the grid spacing of the constant step size grids while increasing the MU of the RX Beam Peak Search, e.g., as proposed in [R4-1813583], a 1dB accuracy of the RX beam peak search yields a constant step size spacing of 3.75o 
· Study MUs of 0.5dB, 1dB, and 1.5dB. Analyses for additional MUs are not precluded
· A concrete proposal for RX Beam Peak Search based on a coarse search (15o constant step size) based on throughput and a fine search (3.75o constant step size) based on EIS was presented in [R4-1813582] which could yield savings in test time
· EIS search time can be optimized based on coarse&fine search algorithms for power levels as outlined in [R4-1812704]
· As proposed in [R4-1813273], a coarse search based on RSRP with a subsequent EIS search could be used to reduce test time. 
· Options:
MU
Single Constant Step Size Grid
Single Constant Density Grid
Coarse&Fine Constant Step Size Grid
Coarse&Fine Constant Density Grid
0.5dB
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, RSRP, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, RSRP, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
1dB
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
1.5dB
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Search Based on:
Search Details: 
Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Coarse Search Based on: Throughput, EIS, etc
Search Details: EIS vs RSRQ, EIS search algorithm
Coarse Grid Details:
Fine Grid Details:
# of Test Points:
Test Times

· Test vendors to provide approximate test times in RAN4#89 once an estimate of the dwell time is provided (considering the dwell time could have a significant impact on overall test time)


2.4 Main session conclusions

	=> Agreement: For PC3 UE, allow the EIRP spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

=> Agreement: For PC3 UE, allow the EIS spherical coverage measurement to be performed without having to have the beam peak having to be placed on a grid point, e.g., for coarse grids of beam peak searches. 

R4-1814605
DraftCR to TR38.810 to update TRP Measurement Grids Annex





38.810
  CR-  rev  Cat: F (Rel-16) v16.0.0





Source: Keysight Technologies UK Ltd

Decision: 

The document was Endorsed.
R4-1814419
On Min. EIRP at target CDF for spherical coverage
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Source: Keysight Technologies UK Ltd, Rohde & Schwarz

Decision: 

The document was Approved.
R4-1814840
DraftCR to TR38.810 to correct QoQZ Procedure Applicability
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Source: Keysight Technologies UK Ltd

Decision: 

The document was Endorsed.
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On OTA EIS metric in FR2
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Source: Qualcomm Incorporated

Decision: 

The document was Approved.
R4-1815624
dCR for 38.810: Revise formula for FR2 OTA EIS metric
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Source: Qualcomm Incorporated

Decision: 

The document was Endorsed.
R4-1816262 WF on measurement grid for beam peak search and spherical coverage for PC3 UEs 






Source: Keysight

Decision: 

The document was Return to.
R4-1815396
Measurement grid point for Beam Peak direction search and Spherical Coverage to 38.810





38.810
  CR-0004  rev  Cat: F (Rel-16) v16.0.0





Source: Rohde & Schwarz

Decision: 

The document was Return to.



2.5 Open issues

· Draft R4-1816262 WF on measurement grid for beam peak search and spherical coverage for PC3 UEs Keysight
Discussion

· Apple: we support WF

· CATR: There are 2 procedures to make beam peaks search – regular approach and coarse&fine beam peak search. Which one shall be used?

· Keysight: Any

· CATR: coarse&fine beam peak search test time is not predictable

· Apple: exact measurement grid detailes to be moved to the Annex

· LGE: what is the MU value for EIRP spherical coverage and beam peak search?

· Keysight: Beam peak search has many points and using the measurements for EIRP spherical coverage will result in low MU

· Chair: coarse & fine description is not clear from the WF

· Keysight: will add more details in the CR

· QC: Does proposal 2 mean that standard deviation shall not be considered?

· Keysight: Right

· LGE: For Coarse&Fine search we need to define the procedure in the TR

· Intel: Why do we have “…  RX beam peak direction will be determined using … 3D RSRP/Throughput/EIS measurements (for RX beam peak directions). ”

· Keysight: Based on the last meeting agreements
Conclusions:

· Remove: “Subsequent fine search approaches using constant density grids are FFS” from slide 17 in the WF
· Include more detailed description of coarse & fine method to the CR

· Further clarify the metrics to be used for the beam peak search

· Metrics used for the Tx beam peak search: 
· Single fine grid approach: EIRP is used

· Coarse & Fine grid approach: EIRP is used for both grids

· Metrics used for the Rx beam peak search:

· Single fine grid approach: EIS metric is used

· Coarse & Fine grid approach: 
· EIS/Throughput metric is used for Coarse grids; 
· EIS metric is used for Fine grids

3 RRM testing methodology

3.1 Contribution list

	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1814553
	Remaining details of the NR FR2 RRM testing methodology
	Intel Corporation
	discussion
	Discussion
	10.1.4
	available

	R4-1815696
	Draft CR to TR 38.810 – RRM testing methodology
	Intel Corporation
	draftCR
	Endorsement
	10.1.4
	available

	R4-1815698
	Spherical coverage performance for UE RRM requirements
	Intel Corporation
	discussion
	Discussion
	10.1.4
	available

	R4-1814472
	Discussion on RRM testing methodology
	Samsung
	discussion
	Discussion
	10.1.4.1
	available

	R4-1814526
	RRM update, 1 AoA with signal coming from the RX beam peak direction
	ANRITSU LTD
	CR
	 
	10.1.4.1
	available

	R4-1814947
	Wide Beams and Narrow Beams in FR2
	Qualcomm Incorporated
	other
	Approval
	10.1.4.1
	available

	R4-1815343
	Noc level definition and SNR range for RF2 RRM testing
	Qualcomm Incorporated
	discussion
	Approval
	10.1.4.1
	available

	R4-1815848
	Draft CR on Direction selection for NR FR2 RRM testing
	Rohde & Schwarz
	draftCR
	 
	10.1.4.1
	available

	R4-1815849
	Draft CR on SNR and Noc feasibility for NR FR2 RRM testing
	Rohde & Schwarz
	draftCR
	 
	10.1.4.1
	available


3.2 Summary of proposals

	Company / Tdoc
	Summary

	Discussion papers

	Intel 
(R4-1815698)
	Results
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Observations
· Peak antenna gains

· Peak antenna gain difference for fine/rough beams is up to 5 dB

· Antenna gain difference for fine/rough beams in the fine beam RX peak direction is from 0.4 to 6.7 dB

· Spherical coverage 

· UE RX antenna gain CDF is substantially affected by the codebook design. 

· The coverage is reduced in case the number of beams is reduced. 

· For the fixed number of beams the antenna gain CDF depends on the particular selection of codebook vectors. 

· Rough beam codebook antenna gain 50%-tile CDF is reduced comparing to the fine codebook by 1.5 – 6.0 dB

· Under assumption of practical antenna array arrangement in the smartphone with glass grounding, the spherical characteristics will change. In particular, both peak antenna gain and the CDF shapes will be affected. So, the difference between the fine and rough beams antenna gains can further increase.

	Intel
(R4-1814553)
	Proposal #1:
For type 1 RRM test cases when UE is using fine beams

· Support Scenario #1 with 1 AoA with signal coming from the RX beam peak direction

· Mode 1: TE emulates target SNR conditions 
· Noc level is selected such that SNRRP = SNRBB + [1] dB

· Noc is derived based on peak EIS value

· Mode 2: TE emulates desired signal only

· Desired signal power level selected in a way to achieve certain increase over the UE noise floor derived from the peak EIS requirements

· Do not support Scenario #2 with 1 AoA with signal coming from the RX beam peak direction and Scenario #3 with 2 AoA

Proposal #2:
For Type 2 RRM test cases when UE is using rough beams

· 1 AoA case

· RRM test is done in the “rough” RX beam peak direction corresponding to the maximum reported SS-SINR

· Noc derived based on the adjustment of Noc level defined for the fine beam peak to take into account modified antenna gain as follows

Noc = Noc_fine + X dB.

· X is the maximum peak antenna gain difference between the fine/rough beams. 

· X = [7] dB

· Do not support 2 AoA case

	Samsung
(R4-1814472)
	Results
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12
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Observation 1: Based on long standardization process in RAN4 RRM room, the number of RX rough beam can be as low as N = 4, while actual RX rough beam number is dependent on UE implementation. 
Observation 2: The mismatch between fine beam coverage and rough beam coverage should be taken into consideration when discussing the test methodology.
Observation 3: For Scenario-1 (1AoA with beam peak direction) for rough beam-based RRM tests, minimum Noc level can be configured by 5 dB additional increase by considering the difference of antenna gain between fine and coarse beams.
Observation 4: For Scenario-2 (1AoA with non-beam peak direction) for rough beam-based RRM tests, FFS the value of UE antenna gain degradation at 50%-CDF spherical coverage with RRM rough beam.
Observation 5: Two options could be applied to Sceario-2 test cases, but if Option-2 is selected, mismatch between two beam maps may cause unexpected performance reduction, which shall be reflected in the requirement for Scenario #2 test cases.

	Qualcomm
(R4-1814947)
	Results
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Proposal: Minimum gain of “rough beams” over the part of the sphere in which spherical EIS is met(upper 50%-ile) should be 5dB less than the gain assumed for the 50%-ile gain definition.

	Qualcomm
(R4-1815343)
	Proposal 1: For Scenarios 1&2 and Mode 1, Noc level should be selected based on the metric of SNRRP = SNRBB + 1 dB.

Proposal 2: 

· Use Noc level of -155dBm/Hz for power class 3 in n260 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 18.5dB for 100Mhz Channel bandwidth. 

· Use Noc level of -157.6dBm/Hz for power class 3 in n257 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 21.1dB for 100Mhz Channel bandwidth.

Observation 1: The BW for SSB would be less than 100MHz. Therefore, the maximum feasible SNR level would be higher than the values derived by 100MHz Ch BW (e.g. With 50MHz CH BW, the SNR level cab be about 3dB higher).

Proposal 3: Scenario 1 with rough beam in RRM testing is not considered further.
Proposal 4: 

· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y for Scenario 2 with fine beam

· Use Noc level of -142.4dBm/Hz for power class 3 in n260 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 5.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -146.7dBm/Hz for power class 3 in n257 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 10.2dB for 100Mhz Channel bandwidth.

Proposal 5: 

· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y+Z, and Z=5dB for Scenario 2 with rough beam

· Use Noc level of -137.4dBm/Hz for power class 3 in n260 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 0.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -140.7dBm/Hz for power class 3 in n257 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 5.2dB for 100Mhz Channel bandwidth.

Proposal 6: For 2AoAs cases, fix the identical noise level for two active probes, then control the signal level to reach target SINR at reference point. The noise level is the same as that for 1AoA with non-peak beam direction. And the lower and upper bound of SINR for fine and rough beam can be derived using the method proposed in the paper.

Proposal 7: Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions for 2AOAs scenario. 



	Draft CRs

	Intel
(R4-1815696)
	Reason for change: 
The set of supported RRM test scenarios is undefined. The methodology to set the artificial noise power level is undefined.

Summary of change:

1) Specify the types of supported RRM test cases in terms of UE RX beamforming assumptions

2) Specify the supported RRM test case scenarios in terms of AoA

3) Specify the methodology to setup the artificial noise power level (Noc)

	Anritsu
(R4-1814526)
	Reason for change:


a) There is no method or guidance for determining the Noc to be used for RRM test cases.

b) The feasible SNR range has not been assessed for RRM Test cases.

Summary of change:


a) Add a description of Noc determination in clause 6.2.1.4

b) Add an asessment of feasible SNR range for RRM Test cases in Rx Beam peak direction, using Direct far field setup, in clause B.2.1.5.

Include .xls spreadsheet providing the assessment of feasible SNR range.

	Rohde & Schwarz

(R4-1815848)
	Reason for change:


At RAN4#88bis R4-1812690, R4-1813580, R4-1812087 were submitted and discussed. All these contributions considered the selection of RRM NR FR2 testing directions among the ones fulfilling the EIS spherical coverage. In all the papers, it became clear that choosing the test direction among the directions fulfilling a certain precondition is feasible, if this is checked in the RRM test system itself. 

In addition, two feasible ways were identified, how to test the precondition and select the testing directions. 

The above results have not been captured in the TR.

Summary of change:


Following statements added to section 6.2.1.4
Test parameters and metrics:

For selecting the testing direction (AoA to test the requirement) fulfilling certain preconditions, two methods are feasible from the perspective of RRM baseline measurement setup, as follows:

- Method 1: Run a pretest in the RRM baseline measurement system to identify all the directions (with a given spatial granularity) at which the UE fulfils a given precondition (e.g. spherical coverage EIS). The testing directions are then chosen out of the valid directions, following a given rule. The precondition to be fulfilled, and the rule how to select the testing direction out of the valid directions, are specified in the test description.   

- Method 2: For each given potential direction, test first a given precondition (e.g. minimum TP for a given power), which validates the direction as valid for testing or not. If the direction is valid, test the requirement, if not, jump to the next potential direction following a given rule. The rule how to select the potential directions and the precondition to validate them as testing direction, are specified in the test description.

   

	Rohde & Schwarz

(R4-1815849)
	Reason for change:


At RAN4#88bis the WF in R4-1814313 was agreed, which gives a very detailed overview of the pending testability issues with respect of NR RRM FR2 testing. The major controversial topic is the SNR mapping from reference points to the UE baseband, the respective SNR range, and the artificial noise level added by the TE. These aspects seem to depend from and require separate analysis for different RRM scenarios. In addition further factors were identified which impact the results, like type of requirements (assuming the UE uses fine – high gain beams or rough – low gain beams) and S / N generation modes i.e. including or not artificial noise from TE. 

All the above apply differently, depending how the side conditions for testing directions are set, e.g. considering or not the EIS spherical coverage. 

The following table tries to capture and summarize logically the content of the WF in in a tabular format. 
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 Considering the high variety of RRM test configurations, as well as the complex inter-dependencies among numerous aspects, we believe that the table above introduces a very efficient way to specify and capture the SNR range and Noc feasibility results in the TR. 

Summary of change:


Summary tables with feasibility results for different RRM scenarios, requirement types and S / N generation modes have been added for each RRM baseline setup type. 




3.2.1 Spherical coverage analysis summary
· Number of “rough” beams

· Samsung: The number of RX rough beam can be as low as N = 4, while actual RX rough beam number is dependent on UE implementation.

· Qualcomm: UE implementation specific. ~3 times less beams used for RRM measurements for a UE that meets the spherical EIS without any margin. … For a UE that marginally meets the EIS spherical coverage requirement, 8 beams to cover 50% of the sphere should provide enough gain to cover 50% of the sphere and fit within the 5dB of the gain needed to satisfy the EIS spherical coverage for 50%-ile(~-7dBi).

· Intel: UE implementation specific. N = 1, 2, 4 can be used.
·  “Fine/Rough” beam peak direction

· Intel: The beam peak directions for “Fine”/”Rough” beams can be different
· Summary of results
	
	Antenna gain difference between fine/rough beams, dB

	
	Peak gain difference
	Gain difference in the Fine Beam peak direction
	Gain difference for full sphere 50%-tile CDF 
	Minimum gain difference over the part of the sphere in which spherical EIS is met (best 50%-tile)

	Qualcomm
	
	
	
	5

	Samsung
	
	5
	
	

	Intel
	up to 5-6 dB
	up to 7 dB
	up to 6 dB
	[>10]


3.2.2 Summary of proposals on scenarios support and noise level definition

	Scenario
	UE RX Beam Type
	Intel
	Qualcomm
	Samsung

	#1 
1AoA with global Fine Rx beam peak
	“Fine” beams
	Supported

Noise levels is same as for UE Demod (Noc1)
	Supported

Noise levels is same as for UE Demod (Noc1)
	

	
	“Rough” beams
	Not supported
	Not supported
	Minimum Noc level can be configured by 5 dB additional increase

	#2 

1AoA with non global Fine Rx beam peak
	“Fine” beams
	Not supported
	Supported 

Tested directions: 50% EIS directions (best 50% fine beam directions)

Noise level: 

· Take into account gain difference between peak and 50% EIS.

· Noc2 = Noc1 + Y.

· Y = 12.6 dB (based on EIS spherical coverage requirement)
	

	
	“Rough” beams
	Supported 

Tested directions: Rough Rx beam peak direction

Noise level: 

· Take into account gain difference between rough/fine beam peaks

· Noc = Noc1 + W. 

· W = 7 dB
	Supported 

Tested directions: 50 % EIS directions (best 50% fine beam directions)

Noise level: 

· Take into account gain difference between rough/fine beams for 50% EIS.

· Noc = Noc2 + Z = Noc1 + Y +  Z. 

· Y = 12.6 dB. Z = 5dB
	FFS the value of UE antenna gain degradation at 50%-CDF spherical coverage with RRM rough beam

	#3 
2 AoA
	“Fine” beams
	Not supported
	Supported
Noise derived same as for Scenario #2
	

	
	“Rough” beams
	Not supported
	Supported
Noise derived same as for Scenario #2
	


3.3 Previous agreements

R4-1814311 “Way forward on the remaining open issues for RRM test methods” (RAN4 #88bis):

	· UE RX beam types definitions

· “Fine” UE RX beams - beams used to define UE RF requirements (e.g. EIS, EIS spherical coverage)

· “Rough” UE RX beams - beams which UE is using for RRM measurements (e.g. for SSB measurements) 

· Note: The beam peak directions, antenna gains and spherical coverage for “fine” and “rough” beams can be different. The number of beams in the respective codebooks can be different.

· Beam peak definition

· UE RX beam peak is the RX beam peak defined for the UE RF in TS 38.101-2 (i.e. beam peak corresponding to the “fine” beams)

· SNR definition

· SNRRP – OTA reference point SNR

· SNRBB – baseband SNR

· The following types of RRM test cases can be supported by the NR Test Methods

· Type 1 RRM test cases: RRM test cases are designed under assumption that UE is using “fine” UE RX beams 

· Type 2 RRM test cases: RRM test case are designed under assumption that UE is using “rough” UE RX beams

· Note: It is up to RRM room to identify which test cases are Type 1 or 2
· Scenarios for RRM test cases which can be supported by the NR Test Methods

· Scenario #1: 1 AoA with signal coming from the UE RX beam peak direction

· Scenario #2: 1 AoA with signal coming from the non UE RX beam peak direction

· Scenario #3: 2 AoA

· Signal directions

· Option 1: One signal comes from the UE RX beam peak direction. The other signal comes from the non RX beam peak direction

· Option 2: Both signals come from the non-beam peak directions

· Assumption is that the respective signal and noise levels per AoA at the reference point will be defined in the test description

· Note 1: Type 1 and Type 2  RRM test cases can be used for either scenario

· Note 2: it is up to RRM room to decide whether any of the scenarios can be used for RRM test case definition.

· The following modes of Side condition emulation can be supported by the NR Test Methods

· Mode 1: TE emulates target SNR conditions
· Scenario 1/2: TE transmits desired signal and artificial noise jointly. The noise power is set to reach target SNR conditions in the reference point

· Scenario #3: TE can transmit both desired and noise signals from both directions. 
· Option 1: Same noise level can be applied for both tested directions.
· Option 2: Different noise levels can be applied for different directions.
· Mode 2: TE emulates desired signal only without artificial noise

· Note: It is up to RRM room to select applicable mode for each test case
· For Scenarios 1&2 and Mode 1 (TE transmits desired signal and artificial noise)

· Noc level is selected such that SNRRP = SNRBB + [X] dB

· Follow the methodology used for UE demodulation to derive the SNR level but with different antenna gain assumptions specific to different scenarios

· X value
· Option 1: X = 1 dB

· Option 2: other values are not precluded. Companies can bring proposals.

· Whether higher Noc level shall be supported can be discussed in the RRM test cases and not precluded from testability perspective. (Note: feasible SNR range can be smaller than for the case of Noc1) 

· Noc level definition and SNR range

· Option 1: Use same methodology as the one used for UE demodulation (agreed in R4-1811892)

· The UE antenna gain assumptions shall be changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough beams)

· Option 1: Use UE RX antenna gain difference between peak EIS and 50%-ile EIS spherical coverage for PC3

· Option 2: other options not precluded

· Option 2: Use coverage requirements

· The coverage requirements are in the process of being agreed for fine beams and can be used directly.

· For rough beams, the same method is used but with values changed to account for difference in the antenna gains at UE side for RRM requirements (difference between fine and rough beams)

· Further identify assumptions on UE RX beam antenna gain difference relative to the UE RX beam peak antenna gain for Noc definition under assumption of using “rough” beams

· Companies are encouraged to bring comparison of the UE spherical coverage for “rough” and “fine” beams

· Analysis can be done under assumption that UE supports [N] beams codebook for “rough” UE RX beams

· Option 1: N = 4

· Option 2: N = 8

· Other options are not precluded

· Whichever option company chooses it is required to ensure that UE is compliant with RRM requirements

· Notes: Based on TR 38.133 section 9.2.5.1
· Mpss/sss_sync_w/o_gaps : For a UE supporting power class 1(fixed wireless access), Mpss/sss_sync=40. For a UE supporting power class 2(vehicle mounted), Mpss/sss_sync_w/o_gaps =[24].  For a UE supporting power class 3 (handheld), Mpss/sss_sync_w/o_gaps =[24]. For a UE supporting power class 4, Mpss/sss_sync_w/o_gaps =TBD 
· Mmeas_period_w/o_gaps : For a UE supporting power class 1 (fixed wireless access), Mmeas_period_w/o_gaps =40. For a UE supporting power class 2 (vehicle mounted), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 3 (handheld), Mmeas_period_w/o_gaps =[24]. For a UE supporting power class 4, Mmeas_period_w/o_gaps =TBD.


3.4 Main session conclusions

	Chairman notes

Antenna gain difference for scenario 1 is [5-7] dB assuming peak direction for rough beam and fine beam could be different. 

Antenna gain different for scenario 2 requires more discussions. Three options for testing directions


- Option 1: Rough beam peak direction based on SINR reporting 


- Option 2: Any single direction which is covered by 50% percentile EIS spherical coverage


- Option 3: 50% percentile of rough beam map 




3.5 Open issues

· Antenna gain difference between the rough and fine beams for Noc derivation
· Gain difference in the “Fine” RX beam peak direction (scenario #1)

· Option 1: 7 dB

· Option 2: 6 dB

· Option 3: 5 dB
· Peak antenna gain difference

· Option 1: 7 dB

· Option 2: 6 dB

· Option 3: 5 dB
· 50%-tile spherical coverage difference (full sphere)

· Option 1: 7 dB

· Option 2: 6 dB

· Option 3: 5 dB

· Minimum gain difference over the part of the sphere in which spherical EIS is met (best 50%-tile) 

· Option 1: 10 dB
· Option 2: 5 dB

Agreement: For PC3 UE antenna gain difference between the rough and fine beams is as follows

· Gain difference in the RX beam peak direction (scenario #1): [7] dB 

· Peak antenna gain difference: [5] dB 

· Minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met relative to the gain of 50%-tile CDF of fine beams antenna gains: 
· Option 1: [10] dB
· Option 2: [5] dB

· Further discuss the simulation results for the antenna gains difference within the best 50% of the sphere in which spherical EIS is met during the week.

· note: same value applicable to all operating bands

· SNR generation criteria for Mode #1 (TE emulates target SNR conditions) and Scenario #1/2
· 
Option 1: Noc level is selected such that SNRRP = SNRBB + 1 dB (Anritsu, Qualcomm, Intel)
Agreement: For Mode #1 (TE emulates target SNR conditions) and Scenario #1/2 Noc level is selected such that SNRRP - SNRBB ≤ 1 dB
· SCENARIO #1: 1 AOA WITH SIGNAL COMING FROM THE UE RX BEAM PEAK DIRECTION
· Type 1 RRM test cases ( UE uses “Fine” RX beams)
· Support of scenario


· Option 1: Supported (Qualcomm, Intel)
· Mode 1 (TE emulates target SNR conditions) noise level definition and SNR upper bound

· Option 1 (Intel): Same as for UE demodulation test methods. Noc = -153dBm for power class 3 in n260

· Option 2 (QC): 

· Use Noc level of -155dBm/Hz for power class 3 in n260 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 18.5dB for 100Mhz Channel bandwidth. 

· Use Noc level of -157.6dBm/Hz for power class 3 in n257 for scenario 1 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 21.1dB for 100Mhz Channel bandwidth.

· Mode 2: TE emulates desired signal only without artificial noise

· Option 1 (Intel): Desired signal power level selected in a way to achieve certain increase over the UE noise floor derived from the peak EIS requirements


Agreements

· From test methodology perspective support Scenario#1 with Type 1 RRM test cases ( UE uses “Fine” RX beams)
· Mode 1: TE emulates target SNR conditions 

· Use Noc level of -155dBm/Hz for PC3 UE in n260 

· Note: the feasible SNR will be provided by TE vendors and included in TR 38.810

· Mode 2: TE emulates desired signal only without artificial noise
· Type 2 RRM test cases ( UE uses “Rough” RX beams)
· Support of scenario


· Option 1 (Qualcomm, Intel): Not supported (i.e. when UE is using rough beams test is not performance in the “fine” RX beam peak direction)
· Option 2 (Samsung): Supported. Minimum Noc level can be configured by 5 dB additional increase.
· From test methodology perspective support Scenario#1 with Type 2 RRM test cases ( UE uses “Rough” RX beams)
· Mode 1: TE emulates target SNR conditions 

· Noc = Noc1 + Y dB

· Noc1 is the Noc level for the case of Scenario 1 and Type 1 RRM test cases

· Y = [7] dB for PC3 UE
· Mode 2: TE emulates desired signal only without artificial noise

· SCENARIO #2: 1 AOA WITH SIGNAL COMING FROM THE NON UE RX BEAM PEAK DIRECTION
· Type 1 RRM test cases ( UE uses “Fine” RX beams)
· Support of scenario


· Option 1: Not supported (Intel)
· Option 2: Supported (QC)
· Tested directions:

· Option 1 (QC): AoA is selected within the best 50%-tile EIS direction (i.e. the best directions of “fine” beams)

· Mode 1 (TE emulates target SNR conditions) noise level definition and SNR upper bound

· Option 1 (QC): 

· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y for Scenario 2 with fine beam

· Y derived based on EIS spherical coverage requirement (i.e. difference between the peak EIS and [50]%-tile EIS)
· Use Noc level of -142.4dBm/Hz for power class 3 in n260 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 5.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -146.7dBm/Hz for power class 3 in n257 for scenario 2 with fine beam in RRM testing, and the maximum feasible SNR for DFF is 10.2dB for 100Mhz Channel bandwidth.

· Mode 2: TE emulates desired signal only without artificial noise

· TBD
· From test methodology perspective support Scenario#2 with Type 1 RRM test cases ( UE uses “Fine” RX beams)
· Mode 1: TE emulates target SNR conditions 

· Noc = Noc1 + X dB

· Noc1 is the Noc level for the case of Scenario 1 and Type 1 RRM test cases

· X derived based on EIS spherical coverage requirement (i.e. difference between the peak EIS and [50]%-tile EIS)
· Mode 2: TE emulates desired signal only without artificial noise

· Type 2 RRM test cases ( UE uses “Rough” RX beams)
· Support of scenario


· Option 1 (Qualcomm, Intel, Samsung): Supported 
· Tested directions:

· Option 1: Rough beam peak direction based on SS-SINR reporting
· Option 2: Any single direction which is covered by 50% percentile EIS spherical coverage
· Option 2A: Any single direction which is covered by 50% percentile EIS spherical coverage of the DUT
· Option 2B: Any single direction which satisfies 50% percentile EIS spherical coverage requirement
· Option 3: 50% percentile of rough beam map
Samsung: preclude Option 2B

QC: Fine with Option 2A or 2B

· Mode 1 (TE emulates target SNR conditions) noise level definition and SNR upper bound

· Option 1 (QC): 

· Calculate the Noc level by Noc level (with fine beam at peak direction) + Y+Z, and Z=5dB for Scenario 2 with rough beam

· Y derived based on EIS spherical coverage requirement (i.e. difference between the peak EIS and [50]%-tile EIS)
· Use Noc level of -137.4dBm/Hz for power class 3 in n260 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 0.9dB for 100Mhz Channel bandwidth. 

· Use Noc level of -140.7dBm/Hz for power class 3 in n257 for scenario 2 with rough beam in RRM testing, and the maximum feasible SNR for DFF is 5.2dB for 100Mhz Channel bandwidth.

· Option 2 (Samsung): 

· Minimum gain of “rough beams” over the part of the sphere in which spherical EIS is met (upper 50%-ile) should be 5dB less than the gain assumed for the 50%-ile gain definition.

· If test is done in the Fine beam peak direction (the best 50%-tile EIS direction), mismatch between Fine/Rough beam maps may cause unexpected performance reduction, which shall be reflected in the requirement.

· Option 3 (Intel): 

· Noc derived based on the adjustment of Noc level defined for the fine beam peak to take into account modified antenna gain as follows

Noc = Noc_fine + X dB.

· X is the maximum peak antenna gain difference between the fine/rough beams. X = [7] dB

· Mode 2: TE emulates desired signal only without artificial noise

· TBD

· From test methodology perspective support Scenario #2 with Type 2 RRM test cases ( UE uses “Rough” RX beams)
· Tested directions:

· Candidate options:

· Option 1: Rough beam peak direction based on SS-SINR reporting

· Option 2: Any single direction which is covered by 50% percentile EIS spherical coverage

· Option 2A: Any single direction which is covered by 50% percentile EIS spherical coverage of the DUT

· Option 2B: Any single direction which satisfies 50% percentile EIS spherical coverage requirement

· Option 3: 50% percentile of rough beam map
· Agreement: Use Option 2A. Do not support other options.
· Mode 1: TE emulates target SNR conditions 

· Noc = Noc1 + X + Z dB

· Noc1 is the Noc level for the case of Scenario 1 and Type 1 RRM test cases

· X derived based on EIS spherical coverage requirement (i.e. difference between the peak EIS and [50]%-tile EIS)
· Z is FFS (for further discussion in RAN4 #89)
· Mode 2: TE emulates desired signal only without artificial noise

· SCENARIO #3: 2 AOA
· 
Option 1 (Intel): Not supported
· Option 2 (QC)

· For 2AoAs cases, fix the identical noise level for two active probes, then control the signal level to reach target SINR at reference point. The noise level is the same as that for 1AoA with non-peak beam direction. And the lower and upper bound of SINR for fine and rough beam can be derived using the method proposed in the paper.

· Introduce RRM tests without any artificial noise and with signal levels derived based on the defined side conditions for 2AOAs scenario. 



Discussion: 




LGE / Intel: Do not support scenario 3



QC: Support. We have a proposal.




Anritsu / Keysight: Support to define methodology.

Samsung: no strong view. It is already late for Rel-15 test case design and it may be challenging to meet R15 timelines.  

R&S: Do not see complete method on the table to complete the requirements.

Apple: Scenario #3 needs additional analysis. Propose to shift the discussion to the R16 NR MIMO OTA SI to avoid delaying the R15 requirements work. 

Conclusion: Further discuss the 2 AoA scenario methodology during the week. Offline discussion led by QC.
· Draft CRs

· CRs

· R4-1814526 RRM update, 1 AoA with signal coming from the RX beam peak direction
ANRITSU LTD

· R4-1815848 Draft CR on Direction selection for NR FR2 RRM testing
Rohde & Schwarz

· R4-1815849 Draft CR on SNR and Noc feasibility for NR FR2 RRM testing
Rohde & Schwarz
· R4-1815696 Draft CR to TR 38.810 – RRM testing methodology Intel
· Decision: 
· Conclusion: Capture the decisions on RRM test framework in R&S CR
4 UE Demodulation testing methodology

4.1 Contribution list

	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1814524
	FR2 demod: Noc and Band groups update
	ANRITSU LTD
	CR
	 
	10.1.5
	available

	R4-1814554
	Remaining details of the NR FR2 UE Demodulation testing methodology
	Intel Corporation
	discussion
	Discussion
	10.1.5
	available

	R4-1815697
	Draft CR to TR 38.810 – UE demodulation testing methodology
	Intel Corporation
	draftCR
	Endorsement
	10.1.5
	available


4.2 Summary of proposals

	Company / Tdoc
	Summary

	Discussion papers

	Intel 
(R4-1814554)
	Proposal #1:
The Noc level for the band X (Band_X) and power class Y (PC_Y) is derived as follows

Noc(Band_X, PC_Y) = -153 dBm/Hz + REFSENS(Band_Y, PC_Y, 50 MHz CBW) –
– REFSENS(band n260, PC3, 50 MHz CBW)

Operating band

UE Power class

1
2
3
4
n257

-164,8

-161,8

-155,6

-164,3

n258
-164,8

-161,8

-155,6

-164,3

n260
-161,8

-153

-162,3

n261

-164,8

-161,8

-155,6

-164,3

Proposal #2:
Modify the Noc level for the DNF method to take into account that testing is performed in the radiative near field. Introduce specific calibration stage before demodulation testing based on EIS measurements.
Proposal #3:
Further clarify the procedure to find the RX beam peak for the DNF method or remove the support of the DFF method.

Proposal #4:
Further study the SS-RSRPB accuracy in the RRM room in order to facilitate the MU definition for the UE demodulation test methods:

· Further study the SS-RSRPB measurements accuracy

· Absolute accuracy

· Relative accuracy between 2 measurements for the same signal source under assumption of fixed RX beam

· Relative accuracy between the measurements for two different RX ports under assumption of fixed RX beam

· SS-RSRPB measurements may be performed for SNR > 10dB 

· SS-RSRPB measurements and reporting are done under noise-free conditions and use static channel conditions.

	Draft CRs

	Anritsu 
(R4-1814524)
	Reason for change:
The current method for determining Noc to be used for demodulation requirements does not take into account different operating bands or UE power classes.

Summary of change:

a) Update the description of Noc determination in clause 7.2.1.3 to include different operating bands and UE Power classes.

b) Update the SNR ranges in Annex B for DFF and IFF, as they are improved by the new values of Noc.

The SNR ranges for the DNF method is not updated, as some antenna parameters are not yet agreed.

Include .xls spreadsheet providing the asessment of feasible SNR range.

	Intel 
(R4-1815697)
	Reason for change:
The Noc levels for NR UE Demodulation test methods for different UE power classes is not defined.

Summary of change:


1)
Propose to define methodology to derive the Noc levels for NR UE Demodulation test methods for different UE power classes

2)
Propose specific Noc levels for NR UE Demodulation test methods for different UE power classes

3)
Editorial corrections


4.3 Open issues

· Noc level definition

· Noc level for UE PC3 and band n260

· Option 1: Keep current agreed value Noc = -153 dBm/Hz (Intel)

· Option 2: Modify Noc = -155 dBm/Hz (Anritsu)

· Noc level for different frequency bands and different UE power classes

· Option 1  (Intel): The Noc level for the band X (Band_X) and power class Y (PC_Y) is derived as
Noc(Band_X, PC_Y) = -153 dBm/Hz + REFSENS(Band_Y, PC_Y, 50 MHz CBW) –
– REFSENS(band n260, PC3, 50 MHz CBW)

	

	UE Power class

	
	1
	2
	3
	4

	n257
	-164,8
	-161,8
	-155,6
	-164,3

	n258
	-164,8
	-161,8
	-155,6
	-164,3

	n260
	-161,8
	
	-153
	-162,3

	n261
	-164,8
	-161,8
	-155,6
	-164,3


· Option 2  (Anritsu, R4-1814524, R4-1814522): The Noc values are linked to defined and formally agreed Refsens values in TS 36.101-2

Noc = Refsens -10Log10(SCSRefsens x PRBRefsens x 12) - SNRRefsens + ∆thermal

Discussion

TBA

Agreements

TBA 

· DNF method

· Noc level for the DNF method
· Option 1: Modify the Noc level for the DNF method to take into account that testing is performed in the radiative near field. Introduce specific calibration stage before demodulation testing based on EIS measurements. (Intel)
· Option 2: Remove DNF method support

· RX beam peak for the DNF method

· Option 1: Further define the procedure to find the RX beam peak for the DNF method (Intel)
· Option 2: Do not use RX beam peak for DNF method testing

Discussion

TBA

Agreements

TBA 

· SS-RSRPB accuracy

· Option 1: Further study the SS-RSRPB accuracy in the RRM room in order to facilitate the MU definition for the UE demodulation test methods (Intel):

· Further study the SS-RSRPB measurements accuracy

· Absolute accuracy

· Relative accuracy between 2 measurements for the same signal source under assumption of fixed RX beam

· Relative accuracy between the measurements for two different RX ports under assumption of fixed RX beam

· The SS-RSRPB measurements may be performed for SNR > 10dB 

· SS-RSRPB measurements and reporting are done under noise-free conditions and use static channel conditions.
· Draft CRs

· CRs

· R4-1814524
FR2 demod: Noc and Band groups update
ANRITSU LTD

· R4-1815697
Draft CR to TR 38.810 – UE demodulation testing methodology
Intel Corporation
· Decision: TBA
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