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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN4#90, the Way Forward on NR MIMO OTA was approved in [2]. In this way forward, further definition of the assumptions for BS antenna was agreed and Channel Emulator vendors were requested to provide proposals of the channel models in [4] with and without filtering and simplifications.
The center frequency for the simulation of the Chanel Model scaling for FR1 was also agreed to be 3.5GHz, with special attention to the impact of the complete FR1 frequency range.
In this contribution, we provide an analysis of the total angular spread per channel model and scenario, with the corresponding figures per frequency.
BS Antenna Pattern
The following assumptions were made for simulations, as agreed in [1] and [2]:
· CDL-A, -B and -C channel models from [4], scaled for UMa and UMi scenarios.
· BS antenna modelled as 4x8 for f<2.5GHz and 8×8 for f>2.5GHz, with uniform rectangular array (URA) with half wavelength inter-element spacing, using the example pattern in Error! Reference source not found., Table 7.3-1, e.g. 3dB = 65,  SLAv = 30dB, GE,max =8 dBi.
· BS code book is formed by 60 fixed beams constructed to a grid of five elevation angles from –20 to +20 with 10 steps and 12 azimuth angles from –80 to +80 with ~15 steps.
The following figures show the corresponding best beam pointing to the strongest cluster for the two BS antenna models: 4x8 for f<2.5GHz and 8×8 for f>2.5GHz:
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Figure 2‑1 4x8 BS antenna pattern
(a) H-plane cut, (b) E-plane cut, (c) 3D plot
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Figure 2‑2 8x8 BS antenna pattern
(a) H-plane cut, (b) E-plane cut, (c) 3D plot



Angular Spread vs. Frequency
The following tables present the total angular spread (both azimuth and elevation) for the 3 channels models considered as baseline, after applying the corresponding BS antenna assumptions and scenarios agreed in [1] and [2].
	[bookmark: _Ref1134055]Scenario
	Channel Model
	Frequency [GHz]
	Power Dynamic Range [dB]
	Azimuth spread [º]
	Elevation spread [º]

	UMa
	CDL-A
	0.4
	10
	40.61
	11.27

	
	
	
	20
	40.61
	11.27

	
	
	
	30
	268.64
	44.4

	
	
	1.0
	10
	40.61
	11.27

	
	
	
	20
	40.61
	11.27

	
	
	
	30
	268.64
	44.4

	
	
	2.5
	10
	40.61
	11.27

	
	
	
	20
	40.61
	11.27

	
	
	
	30
	268.64
	44.4

	
	
	3.5
	10
	40.61
	11.27

	
	
	
	20
	40.61
	11.27

	
	
	
	30
	268.64
	44.4

	
	
	5.0
	10
	40.61
	11.27

	
	
	
	20
	40.61
	11.27

	
	
	
	30
	268.64
	44.4

	
	
	7.25
	10
	38.59
	10.6

	
	
	
	20
	38.59
	10.6

	
	
	
	30
	255.26
	41.76

	UMi
	CDL-A
	0.4
	10
	32.40
	4.76

	
	
	
	20
	32.40
	4.76

	
	
	
	30
	214.34
	18.76

	
	
	1.0
	10
	32.40
	4.76

	
	
	
	20
	32.40
	4.76

	
	
	
	30
	214.34
	18.76

	
	
	2.5
	10
	32.01
	4.76

	
	
	
	20
	32.01
	4.76

	
	
	
	30
	211.71
	18.76

	
	
	3.5
	10
	31.37
	4.76

	
	
	
	20
	31.37
	4.76

	
	
	
	30
	207.50
	18.76

	
	
	5.0
	10
	30.66
	4.76

	
	
	
	20
	30.66
	4.76

	
	
	
	30
	202.78
	18.76

	
	
	7.25
	10
	29.88
	4.73

	
	
	
	20
	29.88
	4.73

	
	
	
	30
	197.68
	18.64


Table 3‑1: Channel model angular spread for CDL-A, UMa and UMi NLOS scenario



	Scenario
	Channel Model
	Frequency [GHz]
	Power Dynamic Range [dB]
	Azimuth spread [º]
	Elevation spread [º]

	UMa
	CDL-B
	0.4
	10
	136.24
	72.85

	
	
	
	20
	198.02
	72.85

	
	
	
	30
	324.63
	81.79

	
	
	1.0
	10
	159.06
	72.85

	
	
	
	20
	180.78
	72.85

	
	
	
	30
	291.53
	87.22

	
	
	2.5
	10
	141.82
	54.45

	
	
	
	20
	191.91
	80.21

	
	
	
	30
	315.81
	85.64

	
	
	3.5
	10
	159.06
	65.05

	
	
	
	20
	217.27
	65.05

	
	
	
	30
	274.20
	85.64

	
	
	5.0
	10
	124.59
	57.26

	
	
	
	20
	180.78
	72.85

	
	
	
	30
	329.19
	80.21

	
	
	7.25
	10
	111.08
	56.9

	
	
	
	20
	196.88
	56.9

	
	
	
	30
	277.00
	76.93

	UMi
	CDL-B
	0.4
	10
	116.74
	22.35

	
	
	
	20
	159.61
	30.79

	
	
	
	30
	259.01
	36.2

	
	
	1.0
	10
	126.91
	19.05

	
	
	
	20
	157.99
	30.12

	
	
	
	30
	232.52
	34.57

	
	
	2.5
	10
	134.53
	23.01

	
	
	
	20
	156.06
	25.57

	
	
	
	30
	251.27
	34.53

	
	
	3.5
	10
	109.55
	27.5

	
	
	
	20
	152.95
	33.9

	
	
	
	30
	250.75
	36.2

	
	
	5.0
	10
	128.86
	27.5

	
	
	
	20
	151.00
	27.5

	
	
	
	30
	245.04
	36.87

	
	
	7.25
	10
	145.71
	25.4

	
	
	
	20
	145.71
	30.41

	
	
	
	30
	226.19
	40.3


Table 3‑2: Channel model angular spread for CDL-B, UMa and UMi NLOS scenario


	Scenario
	Channel Model
	Frequency [GHz]
	Power Dynamic Range [dB]
	Azimuth spread [º]
	Elevation spread [º]

	UMa
	CDL-C
	0.4
	10
	67.05
	52.72

	
	
	
	20
	81.92
	52.72

	
	
	
	30
	173.83
	61.81

	
	
	1.0
	10
	67.05
	52.72

	
	
	
	20
	87.99
	52.72

	
	
	
	30
	183.72
	52.72

	
	
	2.5
	10
	67.05
	52.72

	
	
	
	20
	96.37
	52.72

	
	
	
	30
	178.36
	61.81

	
	
	3.5
	10
	67.05
	52.72

	
	
	
	20
	96.37
	52.72

	
	
	
	30
	173.83
	61.81

	
	
	5.0
	10
	67.05
	52.72

	
	
	
	20
	119.32
	52.72

	
	
	
	30
	183.72
	70.99

	
	
	7.25
	10
	63.71
	49.59

	
	
	
	20
	91.57
	49.59

	
	
	
	30
	165.17
	58.14

	UMi
	CDL-C
	0.4
	10
	53.50
	22.28

	
	
	
	20
	82.70
	22.28

	
	
	
	30
	146.58
	26.13

	
	
	1.0
	10
	53.50
	22.28

	
	
	
	20
	82.70
	22.28

	
	
	
	30
	134.08
	26.13

	
	
	2.5
	10
	52.84
	22.28

	
	
	
	20
	69.34
	22.28

	
	
	
	30
	144.79
	26.13

	
	
	3.5
	10
	51.79
	22.28

	
	
	
	20
	76.89
	22.28

	
	
	
	30
	151.03
	26.13

	
	
	5.0
	10
	50.61
	22.28

	
	
	
	20
	70.78
	22.28

	
	
	
	30
	140.13
	35.21

	
	
	7.25
	10
	49.34
	22.14

	
	
	
	20
	49.99
	22.14

	
	
	
	30
	197.43
	36.96


Table 3‑3: Channel model angular spread for CDL-C, UMa and UMi NLOS scenario
Observation 1: For certain scenarios, the total angular spread in azimuth can be over 200° and total angular spread in elevation can be over 60°.


In the following figures, the data from previous tables is plotted for the wider power dynamic range (i.e. 30dB) and the channel models selected in [2]:
[image: ]
Figure 3‑1 Total Angular Elevation Spread over frequency
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Figure 3‑2 Total Angular Azimuth Spread over frequency
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Figure 3‑3 Detail of the total Angular Spread in Elevation over frequency, for CDL-C, UMi NLOS scenario

[image: ]
Figure 3‑4 Detail of the Total Angular Spread in Azimuth over frequency, for CDL-C, UMi NLOS scenario

As it can be seen in previous figures, the total angular spread is frequency dependent. This parameter heavily impacts the implementation of an MPAC methodology, as it determines the angular spread where the actual probes shall be located, while there is no impact for RTS. The frequency dependence of the probe location is shown in [3].
Observation 2: Angular spread (both azimuth and elevation) is frequency dependent.
[bookmark: _GoBack]Proposal: Further study the frequency dependence of the scaled channel model(s), after they are downselected, in order to determine the worst case for the angular spread.
Summary
The following observations and proposal have been made in this contribution: 
Observation 1: Total angular spread in azimuth can be over 200° and total angular spread in elevation can be over 60° for certain scenarios.
Observation 2: Angular spread (both azimuth and elevation) is frequency dependent.
Proposal: Further study the frequency dependence of the scaled channel model(s), after they are downselected, in order to determine the worst case for the angular spread.
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