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1	Introduction
Geometric channel models are preferred over the tapped delay line (TDL) models, as geometric channel models contain angular and polarimetric information of the modelled radio channels. Thus, clustered delay line (CDL) fading channel models [1] are identified as a suitable candidate for NR MIMO OTA. 
This paper is a continuation of the work presented in [2] while taking the Way Forward from the previous meeting into account [3]. First, we provide the scaled parameters (DS target, AS target, etc.) for different environments (urban macro and urban micro). Then, a set of simulation results for NLOS (CDL-A/B/C) and LOS (CDL-D/E) cases are provided by changing the dimension of the antenna array to further investigate 3D power distributions, i.e., in azimuth and elevation domains.
2	Channel Model Assumptions
2.1 Propagation models
Three non-line-of-sight (NLOS) CDL models (namely CDL-A, B, and C) and two line-of-sight (LOS) CDL model (CDL-D,E) from Section 7.7.1 in [1] are used as starting point. Model parameters, both delay and angular, are scaled to match parameterization of the baseline model in Section 7.5 of [1]. Scaling parameters for both angular and delay domains are determined from Section 7.5 of [1] and listed in Table 1. 
Simulations were carried out for both UMa and UMi environments, at frequency 3.5 GHz, by considering both NLOS and LOS propagation conditions. For the considered simulation setups, we have scaled the CDL model parameters for each scenario using [1]. Like the delay spread scaling, the angular scaling is also an important operation for adjusting CDL models to an environment & frequency combination. Unlike in [2], in this paper we have also taken in to account two LOS models (CDL-D/E) to observe power angular distribution, and to see how it affects NR MIMO OTA in FR1. 
[bookmark: _Ref964263]Table 1. Delay and angular scaling parameters for CDL models.
	Model
	Environment
	DS desired (ns)
	AS desired arrival (deg)
	AS desired departure (deg)

	
	
	
	AoA
	ZoA
	AoD
	ZoD

	CDL-A
	UMa
	364.1
	85.7
	21.7
	27.4
	4.7

	
	UMi
	103.1
	57.2
	7.8
	24.0
	0.8

	CDL-B
	UMa
	364.1
	85.7
	21.7
	27.4
	4.7

	
	UMi
	103.1
	57.2
	7.8
	24.0
	0.8

	CDL-C
	UMa
	364.1
	85.7
	21.7
	27.4
	4.7

	
	UMi
	103.1
	57.2
	7.8
	24.0
	0.8

	CDL-D
	UMa
	93.3
	64.6
	8.9
	13.2
	3.3

	
	UMi
	50.5
	47.6
	4.6
	15.0
	0.6

	CDL-E
	UMa
	93.3
	64.6
	8.9
	13.2
	3.3

	
	UMi
	50.5
	47.6
	4.6
	15.0
	0.6



2.2 BS antenna model
The BS antenna assumptions from [3] were proposed: 
· For FR1 bands with frequency higher than 2.5GHz: BS antenna is 8×8 with uniform rectangular array (URA) with half wavelength inter-element spacing
· For FR1 bands with frequency lower than 2.5GHz: BS antenna has 32 elements (assume 4x8 is a typical configuration) with uniform rectangular array (URA) with half wavelength inter-element spacing
For simplicity, only the 8x8 BS antenna assumption was considered here; once a selection of channel models and beam models has been made, results for the 4x8 BS antenna assumption will be presented. In all cases, directive BS antenna elements were modeled. The radiation pattern is specified in [1] with the following parameters: G_Emax = 4dBi, 3dB = 90, 3dB = 90, SLAv = 30dB, Amax = 30dB. Two specific BS antenna scenarios were considered with respect to beamforming: 1) no beamforming and 2) four active BS beams. In the four beams case, the envelope of multiple beams and their impact on cluster powers is determined. The OTA setup should be designed to support at minimum two spatial beams to support transmission of 4 MIMO layers with a dual-polarized antenna array. Even if the number of simultaneous spatial beams would be limited to two per NR FR1 link, there may be a need to consider multiple beam directions in dynamic scenarios. In addition, depending on the channel model and DUT orientation and antenna characteristics, there can be multiple close to equally strong beam directions in the channel model.
In the beamforming case, the BS is a 8×8 uniform rectangular array (URA) with half wavelength inter-element spacing. A code book of 60 fixed beams is 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. Four alternatives of BS beamforming operations, or their impact on UE ends observable power angular distribution, are considered. The beam patterns are illustrated in Figure 1, where normalized patterns of no-beam case and with one, two or four BS beams are plotted in decibels. Only the single antenna element pattern is present in the w/o beam case. In one beam case the BS is forming a beam to the direction of the strongest multi-path component (cluster). In two or four beam cases, the corresponding number of strongest beam directions of the particular channel model are found. The effect of multiple beams is obtained by summing the beam power patterns in linear units. Thus, the more number of beams used the wider the resulting composite beam pattern is. The meaning of beams and assumptions made deriving the results are explained in [2].
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	Figure 1. Example normalized BS pattern: no beam, 1-beam, 2-beam, and 4-beam for CDL-A, B, C, and D models. Azimuth cut of BS patterns at elevation zero.


3	Simulation results
In this section, we present simulation results for the considered system model. We provide plots to illustrate the power distribution in elevation and azimuth domains, by showing the cumulative distribution (CDF) and probability distribution function (PDF) curves with no beam and 4-beam cases for CDL-A/B/C/D/E models for both UMi and UMa environments. 
To draw the power distribution in the elevation or azimuth domain, which is similar to a probability distribution function, the power of all rays (sub-paths) falling to a bin of angles is counted and the resulting histogram of bin vs. accumulated power is plotted. The bin widths used in simulations are 3 and 5 elevation and azimuth, respectively.
[bookmark: _Hlk1057240]Additionally, we provide plots to illustrate how much power fits in an angular sector (in elevation or azimuth domain) of particular width, similar to CDF curves. It indicates which percentage of power fits to an angle window of particular width. The angle window is “opening” outwards from the expectation angle, in other words from the power weighted average angle. Our purpose with this function is to investigate how wide sector of probes is needed to cover, e.g., 90% of total power of the channel model.
NOTE: In the simulation results of this section, the BS was approximately in AoA=180 and in EoA=0 (zenith angle 90) direction as observed by the UE. The range of angular power distribution is essential, not mean angle (the main direction), when making observations on the results.
3.1 Urban Micro (UMi) environment
In this subsection, we performed the simulations to observe the power distribution in azimuth and elevation domains for the UMi environment without beamforming (no-beam) and with beamforming (4-beam).
3.1.1	Directive BS antenna w/o beamforming
This is the case without beamforming, i.e., only when the BS antenna element radiation pattern is directing the BS transmission. Figure 2 (left) shows the distribution of power in elevation angles for the all CDL models investigated. The results indicate that for the CDL A, D, and E models, the elevation angles are distributed around 0. For CDL B and C models, the elevation angles are distributed around 15. The results on the right of Fig. 2 show the power share as a function of elevation window (or sector) size. For CDL A, B, and C models, 90-percentile of power is within in 25 and 22. For CDL D and E models 90-percentile of power is obtained close to 0. The results imply that if an MPAC setup is designed that should cover the mentioned five models, then probes do not need not to be placed approximately wider than a 25 sector in elevation domain. 
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	[bookmark: _Ref528760439]Figure 2. Distribution of power in elevation domain (left). The total power as a function of total elevation spread (right). No beamforming is assumed here.



Figure 3 shows the same results for the azimuth domain. Results show that 90-percentile of power is within approximately 180 wide sector in azimuth for CDL-A, B, and C models. For CDL-D and E models 90-percentile of power is gained when the window of the azimuth angle is close to 0.
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	Figure 3. Distribution of power in azimuth domain (left). The total power as a function of total azimuth spread (right). No beamforming is assumed here.


3.1.2	8x8 URA BS with four strongest beams
In this subsection, we consider the case with beamforming. We select four strongest beams which provide the highest power and were selected from a pre-defined code book of beamforming weights. Results in Figure 4 (right) show that for CDL A, B, and C models, 90-percentile of power is within a 24 sector in elevation. Furthermore, results in Figure 5 (right) show that 90-percentile of power in azimuth domain is obtained for CDL A and B when the width of the azimuth window is approximately 100 and for CDL-C when the width of the azimuth window is less than 165. 
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	Figure 4. Distribution of power in elevation domain (left). The total power as a function of total elevation spread (right). 
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	Figure 5. Distribution of power in azimuth domain (left). The total power as a function of total azimuth spread (right). 


Thus, by comparing the results in Figure 2 and Figure 3 (with no-beams case) and Figure 4 and Figure 5 (for four-beamforming case), it can be observed that the width of the elevation window and the width of the azimuth window can be reduced by using beamforming for CDL-A and B models. Furthermore, there is no any visible impact of using beamforming in CDL-C, D and E models. Hence, in a 3D MPAC setup the factors like use of beamforming and the used CDL model must be considered while deciding probe placement.


3.2 Urban Macro (UMa) environment
In this sub-section, we present similar simulation results with for the UMa environment without beamforming (no-beam) and with beamforming (4-beam).
3.2.1	Directive BS antenna w/o beamforming
Based on the results in Figures 6 and 7, probes do not need not to be placed wider than a 70 sector in elevation domain and 270 in the azimuth domain for the NLOS models; the LOS models sectors in elevation and azimuth are ~0 for the UMa model
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	Figure 6. Distribution of power in elevation domain (left). The total power as a function of total elevation spread (right). No beamforming is assumed here.
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Figure 7. Distribution of power in azimuth domain (left). The total power as a function of total azimuth spread (right). No beamforming is assumed here.


3.2.2	8x8 URA BS with four strongest beams
the simulation results in Figures 8 and 9 indicate 4/22/24 sector in elevation domain and 101/101/164 in the azimuth domain for the NLOS models CDL-A/B/C, respectively; the LOS models sectors in elevation and azimuth are ~0 for the UMa model.
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Figure 8. Distribution of power in elevation domain (left). The total power as a function of total elevation spread (right).
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Figure 9. Distribution of power in azimuth domain (left). The total power as a function of total azimuth spread (right).
 


3.4	Angular spread comparison (UMi)
Both azimuth and elevation (rms) azimuth spreads are listed in Table 2. Although, the results of previous sections focused on no-beamforming and 4 beam cases, the results with 1 and 2 beams are presented in Table 2 as an additional information to showing that when more beams are activated simultaneously the more clusters are illuminated by the BS and radio channel condition approaches the single-element BS antenna case. We can observe that the case without BS beams has largest angular spreads and the case with only one beam active has smallest spreads. This is natural and aligned with the visualizations of power angular spectra (PAS) in Figure 10. 
In all cases the elevation and azimuths rms spreads are below 8 and 51 degrees, respectively.
[bookmark: _Ref1126371]Table 2. List of resulting rms azimuth and delay spreads with different CDL model and BS antenna combinations for UMi scenario.
	BS antenna type
	Channel model
	rms azimuth spread [deg]
	rms elevation spread [deg]

	Directive BS w/o beam
	CDL-A
	50.1
	6.4

	
	CDL-B
	50.6
	7.6

	
	CDL-C
	48.4
	7.0

	
	CDL-D
	16.5
	1.8

	
	CDL-E
	21.5
	1.3

	8x8 URA, 1 strongest beam
	CDL-A
	14.1
	1.8

	
	CDL-B
	25.5
	5.4

	
	CDL-C
	14.2
	5.3

	
	CDL-D
	6.4
	0.5

	
	CDL-E
	9.8
	1.1

	8x8 URA, 2 strongest beams
	CDL-A
	13.9
	1.8

	
	CDL-B
	29.6
	6.6

	
	CDL-C
	27.9
	5.5

	
	CDL-D
	9.0
	1.0

	
	CDL-E
	7.1
	0.7

	8x8 URA, 4 strongest beams
	CDL-A
	26.6
	2.1

	
	CDL-B
	30.0
	6.7

	
	CDL-C
	48.4
	7.3

	
	CDL-D
	8.9
	0.9

	
	CDL-E
	7.0
	0.7
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[bookmark: _Ref1124574]Figure 10. Power Angular Spectrum (PAS) plots for the five channel models and the UMi environment.
3.5	Angular spread comparison (UMa)
Table 3 summarizes azimuth and elevation (rms) azimuth spreads in Uma scenario. As in UMi scenario, the smallest angular spreads are mainly observed with only one beam active. In all cases the elevation and azimuths rms spreads are below 21 and 72 degrees, respectively.

[bookmark: _Ref1126617]Table 3. List of resulting rms azimuth and delay spreads with different CDL model and BS antenna combinations for UMa scenario. 
	BS antenna type
	Channel model
	rms azimuth spread [deg]
	rms elevation spread [deg]

	Directive BS w/o beam
	CDL-A
	71.5
	16.5

	
	CDL-B
	71.5
	20.7

	
	CDL-C
	67.1
	18.9

	
	CDL-D
	19.4
	3.7

	
	CDL-E
	20.7
	2.5

	8x8 URA, 1 strongest beam
	CDL-A
	18.5
	4.0

	
	CDL-B
	33.9
	14.9

	
	CDL-C
	19.8
	14.6

	
	CDL-D
	17.9
	2.9

	
	CDL-E
	14.4
	2.3

	8x8 URA, 2 strongest beams
	CDL-A
	16.4
	4.1

	
	CDL-B
	41.6
	18.7

	
	CDL-C
	38.5
	15.1

	
	CDL-D
	12.3
	1.8

	
	CDL-E
	10.1
	1.4

	8x8 URA, 4 strongest beams
	CDL-A
	39.3
	5.3

	
	CDL-B
	41.8
	18.6

	
	CDL-C
	50.0
	16.5

	
	CDL-D
	11.5
	1.7

	
	CDL-E
	10.4
	1.5
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Figure 11. Power Angular Spectrum (PAS) plots for the five channel models and the UMa environment.


[bookmark: _Ref352176984]4	Summary
This contribution presented channel model and scaling parameters as suggested in the Way Forward from the previous meeting [3]. This investigation focused on the 8x8 BS antenna assumptions for FR1 bands above 2.5GHz. After the set of channel models and BS beam models are defined, as suggested in [4], analyses for FR1 bands below 2.5GHz could be provided. 
[bookmark: _GoBack]Based on Tables 2—3 and the PAS plots in Figures 10 and 11, it can be concluded that the UMa environment would require a larger number of 3D MPAC probes when compared to the UMi environment. 
Proposal: Take the scaling results presented in this contribution into account for the definition of FR1 NR MIMO OTA test systems
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