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Introduction
During the last meeting [1], RAN4 agreed on a way forward regarding NR MIMO OTA [2]. The way forward decided to use the contribution [3] as the baseline for channel model scaling. Companies were suggested to provide the channel model table in RAN4 91. This contribution focuses on different aspects associated with the channel model scaling.
Calculation of Mean Angle and Angular Spread
The calculation of mean angle and angular spread of CDL channel models [4] are essential to find the scaled channel model values. The contribution of [3] already provides the angular spread values of different CDL models. The email discussion in 3GPP NR MIMO OTA reflector [5] suggested that these values were generated based on the angular spread and mean angle definitions of [6]. 
Now, Equation (A-1) – (A-3) of [6] calculates mean angle and angular spread in the following way:
“ For a signal with N multi-paths, each has M sub-paths, the conventional angle spread calculation for the composite signal is given by

		(1)


where is the power for the mth subpath of the nth path,  is defined as

	,	(2)

 is defined as

		(3)

and  is the AoA (or AoD) of the mth subpath of the nth path.”
On the other hand, equation (A-1) of (A-2) of [4] calculate mean angle and circular angular spread in the following way:
“ Based on the circular standard deviation in directional statistics, the following expression for the angular spread AS in radians is proposed

		(4)
where [image: ] is the power for the mth subpath of the nth path and [image: ] is the subpaths angle (either AOA, AOD, ZOA, ZOD) given in radians.
The power weighted mean angle is given by

		(5)
where [image: ] is the power for the mth subpath of the nth path and [image: ] is the subpaths angle (either AOA, AOD, ZOA, ZOD) given in radians.”
Equations (1)-(3) calculate mean angle and angular spread by using the values of the actual angle . Equation (4)-(5) calculate mean angle and angular spread by placing the angles on the unit circle, i.e., by using .
Equation (1)-(3) and (4)-(5) may lead to different mean angle results. Also, a careful comparison between equations (1)-(3) and equations (4)-(5) suggest that equation (1)-(3) will lead to undesirably higher angular spread values than equation (4)-(5) in some scenarios. The appendix section of this contribution shows one simple example of these phenomenon.
In order to eradicate this issue, annex A of 25.996 proposes to shift the cluster angles by a value that would minimize the angular spread result [6]. The appendix section of this contribution shows how a linear shift of the cluster angles lead to same mean angle and angular spread results for both 25.996 and 38.901.
However, finding the exact linear shift value to minimize the angular spread calculation of 25.996 may require a lot of searches. Hence, it is much more convenient to use the approach of 38.901, i.e. equation (4) and (5), to find the angular spread and mean angle respectively.
Observation 1: Equations (1)-(3) calculate mean angle and angular spread by using the values of the actual angle . Equation (4)-(5) calculate mean angle and angular spread by placing the angles on the unit circle, i.e., by using .
Observation 2: Equation (1)-(3) and (4)-(5) may lead to different mean angle results.
Observation 3: Equation (1)-(3) will lead to undesirably higher angular spread values than equation (4)-(5) in some scenarios. 
Observation 4: In order to eradicate the issue of observation 3, annex A of 25.996 proposes to shift the cluster angles by a value that would minimize the angular spread result. But finding the exact linear shift value to minimize the angular spread calculation of 25.996 may require a lot of searches.
Proposal 1: RAN4 uses equation (4)-(5), i.e. equation (A-1)-(A-2) of 38.901, to calculate angular spread and mean angle of CDL tables.
Scaled Channel Model without gNB Filtering
Table 1. Original angular spreads of CDL models
	Model
	
 [deg]

	
	ASD
	ASA
	ZSD
	ZSA

	CDL-A
	71.1
	86.5
	28.4
	20.9

	CDL-C
	37.4
	71.45
	4.1
	10.4



Table 2. Scaled CDL-A UMi Channel Model at FR1 (without gnB filtering)
	Cluster #
	Absolute Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.00
	-13.40
	-61.46
	-21.75
	95.9
	90.00

	2
	38.19
	0.00
	-2.73
	-156.65
	97.11
	90.00

	3
	40.25
	-2.20
	-2.73
	-156.65+X
	97.11
	90.00

	4
	58.68
	-4.00
	-2.73
	-156.65-X
	97.11
	90.00

	5
	46.10
	-6.00
	29.14
	-5.02
	97.93
	90.00

	6
	53.75
	-8.20
	29.14
	-5.02+X
	97.93
	90.00

	7
	67.08
	-9.90
	29.14
	-5.02-X
	97.93
	90.00

	8
	57.50
	-10.50
	39.7
	-56.86
	98.72
	90.00

	9
	76.18
	-7.50
	-28.89
	-83.38
	96.04
	90.00

	10
	153.75
	-15.90
	52.15
	6.62
	95.23
	90.00

	11
	189.78
	-6.60
	-29.32
	-21.35
	98.05
	90.00

	12
	222.42
	-16.70
	44.19
	-132.31
	99.32
	90.00

	13
	217.18
	-12.40
	-52.95
	-38.08
	98.75
	90.00

	14
	249.42
	-15.20
	-59.36
	-5.02
	98.91
	90.00

	15
	251.19
	-10.80
	-45.15
	-60.3
	95.81
	90.00

	16
	305.82
	-11.30
	-47.2
	-70.88
	95.62
	90.00

	17
	408.10
	-12.70
	54.52
	-86.89
	95.7
	90.00

	18
	445.79
	-16.20
	48.78
	17.33
	99.04
	90.00

	19
	456.95
	-18.30
	43.48
	39.88
	94.79
	90.00

	20
	479.66
	-18.90
	-41.33
	47.02
	954.95
	90.00

	21
	500.66
	-16.60
	-53.32
	11.77
	99.33
	90.00

	22
	530.43
	-19.90
	41.39
	-156.05
	95.12
	90.00

	23
	965.86
	-29.70
	-20.27
	-19.17
	98.57
	90.00

	
	
	
	
	
	
	

	Per-Cluster Parameters

	Parameter
	CASD in [°]
	CASA in [°]
	CZSD in [°]
	CZSA in [°]
	XPR in [dB]
	

	Value
	1.69
	7.27
	0.08
	0
	10
	






Table 3. Scaled CDL-C UMA Channel Model at FR1 (without gNB filtering)
	Cluster #
	Absolute Delay [ns]
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.00
	-4.40
	 -39.4
	-151.02
	96.76
	90.00

	2
	76.61
	-1.20
	 -21.97
	114.04
	98.45
	90.00

	3
	80.99
	-3.50
	 -21.97
	114.04+X
	98.45
	90.00

	4
	85.01
	-5.20
	 -21.97
	114.04-X
	98.45
	90.00

	5
	79.42
	-2.50
	 -35.1
	177.19
	100.86
	90.00

	6
	232.36
	0.00
	 -5.04
	174.49
	99.17
	90.00

	7
	235.35
	-2.20
	 -5.04
	174.49+X
	99.17
	90.00

	8
	239.44
	-3.90
	 -5.04
	174.49-X
	99.17
	90.00

	9
	240.32
	-7.40
	 48.29
	36.56
	106.40
	90.00

	10
	289.63
	-7.10
	 -52.51
	49.87
	94.48
	90.00

	11
	299.77
	-10.70
	 53.49
	-87.58
	107.48
	90.00

	12
	340.76
	-11.10
	 -76.39
	26.37
	92.31
	90.00

	13
	448.40
	-5.10
	 -45.77
	51.79
	104.59
	90.00

	14
	477.53
	-6.80
	 -52.37
	-112.28
	105.20
	90.00

	15
	792.20
	-8.70
	 -62.77
	67.86
	91.71
	90.00

	16
	989.33
	-13.20
	 69.97
	6.93
	105.20
	90.00

	17
	1554.50
	-13.90
	 67.41
	-49.56
	93.99
	90.00

	18
	1679.11
	-13.90
	 59.79
	-25.33
	91.83
	90.00

	19
	2003.92
	-15.80
	 -79.91
	-46.32
	90.74
	90.00

	20
	2046.81
	-17.10
	 62.28
	-18.25
	108.21
	90.00

	21
	2301.87
	-16.00
	 63.08
	-23.17
	91.71
	90.00

	22
	2422.65
	-15.70
	 72.83
	-29.05
	91.59
	90.00

	23
	2570.59
	-21.60
	 82.28
	-56.15
	106.40
	90.00

	24
	3158.09
	-22.80
	 -95.95
	10.41
	109.53
	90.00

	
	
	
	
	
	
	

	Per-Cluster Parameters

	Parameter
	CASD in [°]
	CASA in [°]
	CZSD in [°]
	CZSA in [°]
	XPR in [dB]
	

	Value
	1.465
	17.99
	3.59
	0
	7
	





Proposal 2: Adopt table 1-3 as reference CDL models for FR1 without gNB filtering.
· Find gNB filtered CDL models based on table 1-3.

Regarding FR2, RAN4 has decided to use CDL-A and CDL-C channel models, as well. However, RAN4 has not decided which scenarios (urban micro or indoor NLOS) are applicable for CDL-A and CDL-C channel in FR2. Note that, an earlier contribution from RAN1 [8] suggests that CDL-A and CDL-C models were generated to emulate indoor NLOS and urban macro NLOS scenarios respectively.
Observation 5: RAN4 needs to agree on the specific scenarios (urban micro or indoor NLOS) that are applicable for CDL-A and CDL-C channel in FR2 for MIMO OTA testing. An earlier contribution from RAN1 [8] suggests that CDL-A and CDL-C models were generated to emulate indoor NLOS and urban macro NLOS scenarios respectively.

Conclusion
Observation 1: Equations (1)-(3) calculate mean angle and angular spread by using the values of the actual angle . Equation (4)-(5) calculate mean angle and angular spread by placing the angles on the unit circle, i.e., by using .
Observation 2: Equation (1)-(3) and (4)-(5) may lead to different mean angle results.
Observation 3: Equation (1)-(3) will lead to undesirably higher angular spread values than equation (4)-(5) in some scenarios. 
Observation 4: In order to eradicate the issue of observation 3, annex A of 25.996 proposes to shift the cluster angles by a value that would minimize the angular spread result. But finding the exact linear shift value to minimize the angular spread calculation of 25.996 may require a lot of searches.
Proposal 1: RAN4 uses equation (4)-(5), i.e. equation (A-1)-(A-2) of 38.901, to calculate angular spread and mean angle of CDL tables.
Proposal 2: Adopt table 1-3 as reference CDL models for FR1 without gNB filtering.
· Find gNB filtered CDL models based on table 1-3.
Observation 5: RAN4 needs to agree on the specific scenarios (urban micro or indoor NLOS) that are applicable for CDL-A and CDL-C channels in FR2 for MIMO OTA testing. An earlier contribution from RAN1 [8] suggests that CDL-A and CDL-C models were generated to emulate indoor NLOS and urban macro NLOS scenarios respectively.

Appendix: Calculation of Angular Spread and Mean Angle based on the Procedures of 38.901 and 25.996
Let us focus on a simple channel model with two clusters; where each cluster has only one ray.
Let’s assume that the angle of arrivals of these two clusters are 179 and -179 degrees. Let’s also assume that the two clusters have equal powers, i.e., the power of each cluster is 0.5
In this context, we find the mean angle and angular spread of the channel model.
Procedure of 38.901
Equation (4)-(5) of this contribution, i.e., equation (A-1) and (A-2) of 38.901 lead to following values:
· Mean angle = 180 degree
· Angular spread = 1 degree
Procedure of equation (A-1) – (A-3) of 25.996
Equation (1)-(3) of this contribution, i.e., equations (A-1)-(A-3) of 25.996 lead to following values:
· Mean angle = 0 degree
· Angular spread = 179 degree
Procedure of equation (A-1) – (A-3) of 25.996 leads to a very high value of angular spread because it uses the actual angles. Since the two clusters have 179 and -179 degree angle of arrivals, the angular spread comes out to be 179 degree.
The procedure of 38.901 avoids this issue by placing the angles on the unit circles and then finding the angular spread based on that. Since 179 and -179 degrees are 2 degrees apart in the unit circle, the angular spread turns to be 1 degree in that procedure.
Procedure of equation (A-4)-(A-6) of 25.997
Let us shift the angles of both clusters by -180 degree using the equations (A-4)-(A-6) of 25.996. The mean angle and angular spread calculation with this linear shift are given below,


“ The angle spread should be the minimum of  over all :

		(A-4)

where  is defined as

	,	(A-5)

 is defined as

		(A-6)

and . “
With -180 degree linear shift, the mean angle and angular spread values turn out to be the following.
· Mean angle = 0 degree
· Angular spread = 1 degree
So, a proper linear shift can lead to a reasonable angular spread result of this channel model. 
However, for a CDL channel model, one may need to do a lot of searches to find the optimal linear shift that would minimize the angular spread obtained from the procedures of 25.996.
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