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1 Introduction

This analysis has been prepared by the University of Bristol.

This contribution presents a literature survey of published channel models and summarizes the main characteristics of the channel specially at 28 GHz, based on recent studies and reports published by major standard bodies such as 3rd Generation Partnership Project (3GPP), 5G Public-Private Partnership (5GPPP), as well as the New York University (NYU), METIS 2020, and software implementations such as MiWEBA, and QuaDRIGa.
It is important to properly understand the behavior of the channel in order to develop accurate models that can emulate the dynamics of the wireless channel at high frequencies to test the performance of upcoming 5G wireless devices whose design will have to shift from an omnidirectional operation to spatial focusing which will be characterized for having high-gain, highly directional antenna arrays, capable of electronically steer the beam with specific algorithms to acquire and track the signal to guaranty a reliable communication. To establish a communication link between transmitter and receiver the steerable antennas must point along the LOS path or a strong reflected path.

2 Literature Survey

A brief description of each channel model is given and Large-Scale Parameters (LSP) such as path loss, delay spread, number of clusters, angles of departure and arrival among others will be described for each model. Target frequency focused is 28 GHz. 
Common propagation scenarios described in literature are Rural Macrocell (RMa); Urban Macro-cellular (UMa), Urban Micro-cellular (UMi), Indoor, and Outdoor to Indoor (O2I) environments, being these of higher priority, and scenarios such as device to device (D2D), vehicle to vehicle (V2V) among others are also being researched.
An UMi scenario is considered an open area in the order of 50 to 100 meters, where a transmitter is placed between 3 to 20 m height and the receiver may vary between 1.5 to 2.5 m in height. The expected distance between cells are between 100 to 200 meters.  In an UMa scenario the base stations (BS) are mounted at 25 to 35 m and the expected coverage area is between 200 and 500 meters. For indoor scenarios, the BS is mounted at 2 or 3 meters, and the height of the receiver is 1.5 meters and the area is about 500 square meters.  Mobility in the horizontal plane is  3km/h for all scenarios [1],[2].

2.1 Channel Models

2.1.1 3GPP TR 38.901

The technical report 38.901 published by 3GPP covers the modelling of the physical layer of both the user terminal (UT) and access network of 3GPP systems, and captures the channel models for frequencies from 0.5 GHz up to 100 GHz. It is based on the 3D SCM for LTE model (3GPP TR 36.873). Supported scenarios are UMi street canyon, UMa, Indoor and RMa. The maximum bandwidth supported is up to 10% of the center frequency but no larger than 2GHz [1].

2.1.2 mmMAGIC
5GPPP has recently released the “Measurement Result and Final mmMAGIC Channel Models”, after conducting extensive multi-frequency channel measurements and simulations campaigns, covering various 5G propagation scenarios, some of them were contributions to the models being developed by 3GPP and ITU and QuaDRIGa. The channel model is a Geometry Based Stochastic Model (GSCM) whose baseline is the latest 3GPP channel model [1] with additional features which covers a frequency range from 6 to 100 GHz and it is focused  on the modelling of frequency-dependent large scale parameters, ground reflection effects, cluster and sub-paths, small-scale fading, blockage, building penetration among others extensively detailed in [3].

2.1.3 NYU Wireless

NYU has developed a statistical spatial channel model (SSCM) developed using time clusters (TC) and spatial lobes (SL) to generate multipath parameters for omnidirectional and directional channel impulse responses (CIR) and their corresponding power angle spectra (PAS) based on real measurements at multiple frequencies from 28 to 73 GHz. Supported scenarios are UMi, Uma, and RMa, and these are applicable for a wide range of frequencies from 0.5 to 100 GHz [4]. With the data collected from the measurement campaigns they were able to develop a statistical channel model  fully detailed in [5].

2.1.4 METIS 

METIS (Mobile and wireless communications Enablers for the Twenty-twenty Information Society) consists of three channel models, map-based (ray tracing), stochastic, and a hybrid model. The models were derived from measurements and simulations. Supported frequencies in the models are from 0.45 GHZ to 70 GHz. The stochastic model is specified in separated frequency bands. The supported bandwidth for the stochastic model for frequencies below 6GHz is up to 100 MHz and 1GHz specifically for 60 GHz, and 10% of the center frequency for the map-based model. Depending on the model used certain propagation scenarios are supported. The map-based model is suitable for evaluating massive MIMO/ advances beamforming and for pathloss modelling for D2D and V2V. The stochastic model is a geometry based stochastic channel model (GSCM) further development from WINNER/3GPPP that provides multi-dimensional shadowing maps, millimetre-wave parameters, direct sampling of the power angular spectrum (PAS) and frequency dependent pathloss. The channel models are antenna independent.  The particularity of this channel model is that instead of proposing a unique value for each parameter, it is proposed a range from a minimum and maximum values [6].

2.1.5 MiWEBA

The Millimeter-Wave Evolution for Backhaul and Access (MiWEBA) project developed a quasi-deterministic (Q-D) channel model, which combines a geometry-based approach for a limited number of multipath components and a stochastic approach. The scenarios considered in the channel model are classified in access (open area, street canyon and Indoor), backhaul/front haul (above roof top, street canyon), and D2D (open area, street canyon and Indoor), among others. It is stated that that mmWave channel impulse response (CIR) is comprised of a few Q-D strong rays (D-rays), a number of relatively weak random rays (R-rays), and flashing rays (F-rays). The model is limited for 60 GHz  [7].

2.1.6 QuaDRIGa

Quasi deterministic radio channel generator (QuaDRIGa) channel model is based from the Wireless World Initiative for New Radio (WINNER+) channel model and the 3GPP-3D channel model. It is a geometry-based stochastic channel model. The channel parameters are determined stochastically, based on statistical distributions obtained from measurements. The frequency range supported is from 2 to 6 GHz, with a maximum bandwidth of 100 MHz.
In QuaDRIGa each scattering cluster is approximated by 20 individual scatters. Depending on the angular spread and amount of diffuse scattering the typical number of clusters for LOS scenarios are around 10 and for NLOS are around 20.

2.2 Path loss (PL)

Among all different channel models found in literature mainly three path loss models are considered. 3GPP models and the ones based on it use the Alpha-Beta-Gamma (ABG) model with an additional dependency on base station and terminal heights, and with a Line of Sight (LOS) breakpoint, whereas NYU has considered  the Close-In (CI) free space reference distance PL model with a 1 m reference distance and an extra attenuation term to account on atmospheric conditions,  and the Close-In free space reference distance model with frequency-dependent path loss exponent (CIF) [2],[4].

For UMi scenarios it has been found out that the path loss in line of sight conditions follow Friss’s free space path loss model very closely. Shadow fading seems to be similar to sub 6 GHz frequencies [3]. 

The CI model is given by
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Where d is the 3D distance between transmitter (Tx) and receiver (Rx) and n is the path loss exponent (PLE), AT is the attenuation term induced by atmosphere, FSPL denotes the free space path loss and [image: image3.png]x¢!



 is a zero-mean Gaussian random variable with standard deviation σ in dB
The ABG model is given by
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where ( captures how the PL increase as the T-R in distance [m] increases, ( is a floating offset value in dB, ( captures the PL variation over the frequency f in GHz, and [image: image6.png]XABC



 is the Shadow Fading (SF) deviation term in dB.
The CIF model is an extension of the CI model, and uses a frequency-dependent path loss exponent given by: 
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where n is the PLE, b is an optimization parameter that captures the slope, or linear frequency dependency of the path loss exponent that balances at the centroid of the frequencies being modelled, fo is a fixed reference frequency, the centroid of all frequencies represented by the path loss model [2].

Table 1 and Table 2 show a summary of the equations to compute pathloss specified in 3GPP [1] and mmMAGIC [3] channel models, which follow the ABG model.
 Table 1.  Summary of 3GPP’s path loss equations for UMi and Indoor scenarios
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Table 2. Summary of mmMAGIC path loss equations for UMi and Indoor environments
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For the case of NYU[4], the path loss equations are shown in Table 3.

Table 3. Summary of NYU path loss equations for UMi scenario
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(Note: frequency is in GHz and distance in meters in all tables above)
Figure 1 shows the PL calculated at 28 GHZ for distances from 30 to 1000 meters for UMi LOS scenario using equations extracted from 3GPP, mmMAGIC and NYU channel models.
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Figure 1. Comparison of pathloss from 3GPP, mmMAGIC and NYU for LOS scenarios
Figure 2 shows the PL calculated at 28 GHZ for UMi NLOS scenario, where is shown that the 3GPP NLOS path loss crosses over and becomes greater than the NYU CI path loss at distances greater than 200 m, which was also shown in 
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Figure 2. Comparison of pathloss from 3GPP, mmMAGIC and NYU for NLOS scenarios
Note: Figure 2 should be plotted out to 1 km to fully show the differences in the models.
2.3 Channel parameters

2.3.1 Clusters distribution and Large-Scale Parameters

Large-scale parameters (LSP) are a collection of parameters that in an outdoor environment are supposed to be constant over a “large” area (area of several wavelengths)[9]. LSP denote the omnidirectional RMS Delay Spread (DS), the azimuth spread (AS), the shadow fading, and K factor for LOS scenarios, which exhibit significant correlation for a given transmitter to receiver link 
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Each channel model has a different approach of how the multipaths are distributed and grouped depending on the scenarios.  A cluster is usually defined as a group of multipaths or rays closely spaced to each other in the time and angular domains due to structure of the reflecting surfaces [7].
The 3GPP channel model cluster distribution for scenarios of UMi and Indoor is summarized in Table 4
Table 4. Summary of number of clusters and its distribution for UMi and Indoor scenarios

	3GPP
	UMi LOS
	UMi NLOS
	Indoor LOS
	Indoor NLOS

	Number of Clusters N
	12
	19
	15
	19

	Number of rays per cluster M
	20
	20
	20
	20

	Cluster DS [ns]
	5
	11
	N/A
	N/A

	Cluster ASD [deg]
	3
	10
	5
	5

	Cluster ASA [deg]
	17
	22
	8
	11

	Cluster ZSA [deg]
	7
	7
	9
	9

	Per cluster SF std [dB]
	3
	3
	6
	3


For the mmMAGIC model, to determine the number of clusters, ray tracing and measurements were used. To group the subpaths in clusters a Kmeans++ algorithm [11] is used and the Euclidean distance is used as metric, which takes into account the delays, powers and angles of arrival (AoA), therefore it mostly considers the clustering from the UE’s perspective[12].  The cluster’s distribution parameters are summarized in Table 5.
Table 5. Summary of LSP parameters from mmMAGIC Channel model [3]
	mmMAGIC
	UMi LOS
	UMi NLOS
	Indoor LOS
	Indoor NLOS

	Number of Clusters N
	2
	3
	4.25
	19

	Number of rays per cluster M
	20
	26
	10
	20

	Cluster DS [ns]
	16
	23.5
	8.88
	N/A

	Cluster ASD [deg]
	3
	10
	5
	5

	Cluster ASA [deg]
	15
	22.1
	8.53
	11

	Cluster ZSA [deg]
	7.1
	5.4
	9
	9

	Cluster ZSD [deg] 

(freq dependent 28 GHZ) 
	1.25
	0.23
	2.8
	4.5

	Per cluster SF std [dB]
	6.67
	3
	6.4
	3


For NYU, primary and secondary statistics are used to model the channel parameters that have a direct and indirect effect respectively on the generation of the power delay profile (PDP). Primary statistics are considered the number of time clusters in an omnidirectional PDP, number of subpath in each time cluster, cluster excess time delays and relative cluster subpath levels. Spatial primary statistics are also needed to generate the power azimuth spectra (PAS), whose parameters are the number of lobes in the polar plot, azimuth spreads of the lobe, and angles of departure and arrival. Secondary statistics help to test the accuracy of the model, some of them are RMS delay spread, RMS azimuth spread, and time duration of a cluster, among others [5].
A summary of the statistics and distributions of the clusters according to NYU at 28 GHz is shown in Table 6.
Table 6 Summary of measured statistics of omnidirectional PDP and PAS at 28 GHz for LOS and NLOS UMi scenarios [5]
	NYU
	UMi LOS 

(µ , σ)
	UMi NLOS

(µ , σ)
	Distribution

LOS
	Distribution NLOS

	Number of Clusters 
	4.1 , 2.3
	3.4, 2.1
	Poisson
	Poisson

	Number of cluster subpaths
	2.0 , 1.7
	2.1 , 1.6
	Exponential
	Exponential

	Cluster Excess Time delay [ns]
	161.8, 189.1
	66.3 , 68.0
	Exponential
	Exponential

	Cluster Subpath Excess delay [ns]
	8.0 , 8.3
	8.1 , 8.8
	Exponential
	Exponential

	RMS Delay Spread [ns]
	60.5 , 80.7
	13.4 , 11.5
	Exponential
	Exponential

	Cluster RMS Delay spread [ns]
	1.8 , 1.9
	2.0 , 2.0
	Exponential
	Exponential

	Cluster Duration [ns]
	8.6 , 8,4
	8.9 , 8.7
	Exponential
	Exponential

	Number of Lobes AoA 
	2.9, 1.5
	2.4 , 1.3
	Exponential
	Poisson

	Number of Lobes AoD
	2.8 , 1.3
	2.0 , 1.3
	Poisson
	Poisson

	Cluster / Lobe ASA [deg]
	39.9 , 31.4
	34.8 , 25.7
	Normal
	Normal

	Cluster  / Lobe ASD [deg]
	    27.3 ,13.5
	42.5 , 25.2
	Normal
	Normal


For the Stochastic model of METIS, it is proposed that instead of recommending a unique value for the large-scale parameters there is a range of values to pick from and these are based on measurements and simulations, as shown in Table 7
Table 7. Summary of parameters proposed by METIS  for UMi and Indoor scenarios [6]
	METIS
	UMi LOS min
	UMi LOS max
	UMi NLOS min
	UMi NLOS max
	Indoor LOS min
	Indoor LOS

max
	Indoor LOS min
	Indoor NLOS max

	Number of Clusters N
	4
	12
	16
	25
	6.0
	42.0
	15.0
	19.0

	Number of rays per cluster M
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster DS [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD [deg]
	0.5
	5.99
	0.5
	10.0
	0.5
	5.0
	0.5
	6.0

	Cluster ASA [deg]
	0.5
	18.0
	0.5
	22.0
	0.5
	8.0
	0.5
	13.0

	Cluster ZSA [deg]
	0.5
	7.0
	0.5
	7.0
	0.5
	3.0
	3.0
	3.0

	Cluster ZSD [deg] 

(freq dependent 28 GHZ) 
	0.5
	3.64
	0.5
	3.0


	0.5
	3.0
	3.0
	3.0

	Per cluster SF std [dB]
	3
	7
	3
	6
	2.5
	6.0
	3.0
	6.3


The MiWEBA channel model considers that for an outdoor open area scenario the number of rays are mostly determined by two rays, which are the LOS ray and one reflected from the ground. For a street canyon, the propagation is determined by four rays (one LOS ray, one ground ray and two rays reflected from the nearest walls). Rays produced by cars, trees, benches, etc. that would exist in a real environment are considered as secondary random rays [7].

Although the QuaDRIGa channel model is intended for frequencies below 6 GHz, in 
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 the North China Electric Power University presents a comprehensive channel modelling , simulation and validation with QuaDRIGa at 32 GHz, allowing comparison against, NYU, mmMAGIC and 3GPP TR 38.901 channel models, as summarized in Table 8.
Table 8. Comparison of various measurements with open literature 
 ADDIN EN.CITE 
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	Frequency 
	
	32 GHz China
	28 GHz NYU
	32 GHZ mmMAGIC
	32 GHz 3GPP

	Scenario
	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	log(RDS[s])
	μ
	-8.07
	-7.95
	-7.05
	-6.91
	-8.23
	-7.45
	-7.5
	-7.19

	
	σ
	0.1
	0.4
	0.44
	0.54
	0.38
	0.36
	0.38
	0.52

	log(ARAS[o])
	μ
	0.8
	1.13
	1.51
	1.48
	1.15
	1.42
	1.61
	1.69

	
	σ
	0.27
	0.46
	0.27
	0.43
	0.35
	0.32
	0.3
	0.38

	log(ZRAS[o])
	μ
	0.77
	0.8
	0.59
	0.34
	0.66
	0.75
	0.58
	0.86

	
	σ
	0.1
	0.17
	0.22
	0.35
	0.4
	0.4
	0.28
	0.3

	Number of Clusters
	8
	7
	6
	6
	6
	13
	12
	19

	Cluster RMS Spread AoA(ARAS) [o]
	4
	3
	3
	4
	5
	6
	17
	22

	Cluster RMS Spread ZoA (ZRAS) [o]
	8
	7
	2
	8
	3
	3
	7
	7

	KF [dB]
	μ
	7.48
	N/A
	6.82
	N/A
	8.8
	N/A
	9
	N/A

	
	σ
	3.37
	N/A
	6.96
	N/A
	4
	N/A
	5
	N/A


The parameters in QuaDRIGa were extracted by SAGE, and the Large-Scale Parameters were computed with the non-parametric method.  The results presented in Table 8 show close relation with NYU and mmMAGIC channel models, and comparing it with 3GPP there is a larger difference. NYU parameters by measurements in 
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3 Comparison of models

3GPP TR38.901, mmMAGIC, NYU, and METIS channels models were compared at 28 GHz directly with the equations showed in each model for 3GPP and mmMAGIC models, whereas data of NYU was extracted from 
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, which developed a 3GPP like model for 28 GHz, and for METIS no calculation were needed since the model specifies a minimum and maximum values which are shown in the figures below.

The distribution of the clusters was first compared for LOS and NLOs scenarios. Figure 3 can be read as: 3GPP has stated that for LOS scenarios at 28 GHz there exist 12 clusters, each one of those composed of 20 paths (rays). The characteristics within each cluster are RMS delay spread of around 5 ns, the Angular spread of Departure (ASD) must be in the order of 3 degrees, the Angular Spread Arrival (ASA) is 17 degrees, the Zenith or elevation spread of departure (ZSD) has not been defined, and the Zenith or elevation spread of arrival (ZSA) is 7 degrees, and the cluster shadow fading (SF) is 3dB. NYU particularly defines a mean and a standard deviation and that is shown with the drawn white vertical error lines. 
If the value is zero this means, that the parameter was not specified in the model, but for drawing purposes it was necessary to put them as zero. METIS does not specify the number of paths within the clusters.
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Figure 3. Cluster distribution for LOS scenarios at 28 GHz comparison
Figure 4 shows the cluster distribution for NLOS scenarios, and the values should be read as mentioned in the LOS scenario.  As expected the number of clusters in this scenario is higher than in LOS for all models.  mmMAGIC and NYU determined a smaller number of clusters 5 or 6 times less than 3GPP and the min value of METIS. METIS does not have a number of paths per cluster.  There appears to be an agreement in ASD angles of around 8 to 10 degrees, also agreement for ASA in the order of 22 degrees, and for ZSA.  ZSD has only been specified in METIS. It is also shown that the number of multipath components per cluster in accordance with NYU in 
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Figure 4. Cluster distribution for NLOS scenarios at 28 GHz comparison

Large scale parameters are shown in the figures 4 through 9.
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Figure 4. Delay spread
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Figure 5. AOD spread
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Figure 6. AOA spread
[image: image18.png][degrees]
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Figure 7. ZOD spread
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Figure 8. ZOA spread
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Figure 9. K factor
The corresponding values can be seen in table attached at the end of the document as an appendix in Tables 9 and 10.

4 Conclusion

In this literature review channel models from 3GPP, mmMAGIC, NYU and METIS have been briefly analysed, and a direct comparison between Path Loss and Large-Scale Parameters has been performed. Each model has its own way to define what these parameters should be, and how they were derived.
Data shown in this document has been extracted directly from the publicly available literature and the main comparison was done for 28 GHz frequency, Urban Microcell (UMi) environment in LOS and NLOS scenarios, where it was possible to observe that some parameters are similar among some models and others have large differences.
In all channel models, it has been pointed out that simulations and measurements agree with each other, which helped them validate their data, but is clear that certain assumptions where considered and some unique definitions were done, therefore results between models may be different.

Specific observations are as follows:

· The comparison of the Channel Model was done specifically for 28 GHz, considering an Urban Microcell (UMi) environment for both Line of Sight (LOS) and Non Line of Sight (NLOS) scenarios.

· The Path Loss (PL) for LOS scenarios derived by mmMAGIC and NYU are very close to each other with a general difference of less than 1 dB. The difference of these two with 3GPP TR38.901 is low at short distances between Transmitter (Tx) and Receiver (Rx) of less than 1 dB and increases up to 2.5 dB at a distance of 200 meters.

· The PL for NLOS scenarios for the case of NYU and 3GPP appear to be parallel to each other for all distances with a difference of 5 dB. mmMAGIC on the other hand shows a greater path loss, being the minimum difference with 3GPP at 10 meters of 16dB and a maximum of approximately 28 dB for a distance of 200 meters between Tx-Rx.

· There is no agreement between models of the number of clusters, since the lowest number in a LOS scenario is 2 according to mmMAGIC and the maximum is 12 as being pointed out by 3GPP and METIS.

· The number of multipaths components (MPC) that belong to each cluster also varies between models from 13 to 26 paths. Therefore, the statistics governing each cluster also vary widely, as is the case for 3GPP and mmMAGIC that even both agree in the number of MPCs per cluster the Delay Spread has a large difference of 10 ns between them.

· The same is true for NLOS scenarios where apart from a couple of statistics that coincide, almost all are different between models

· Within the Large Scale parameters, it was found that some of them are similar such as the Zenith Angle of Arrival for LOS and NLOS, the RMS Delay Spread.

· For the K factor 3GPP and METIS have relatively similar values of around 9 dB, and NYU agreeing with mmMAGIC has lower values in the order of 3 dB
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6 Appendix

Table 9. Umi LOS parameters
	Frequency 28 GHZ
	Umi Scenario LOS

	
	3GPP 
	mmMAGIC 
	NYU
	METIS min
	METIS max

	Delay spread (DS) 
	μ [ns]
	3.23
	2.45
	1.95
	0.15
	6.46

	
	σ
	2.40
	1.78
	2.19
	1.48
	2.57

	AOD spread (ASD) 
	μ [deg]
	13.71
	28.58
	19.05
	2.51
	72.44

	
	σ 
	2.57
	1.91
	3.16
	1.20
	5.62

	AOA spread (ASA) 
	μ [deg]
	41.02
	25.51
	48.98
	1.74
	56.23

	
	σ
	2.00
	1.74
	1.86
	1.45
	3.47

	ZOD spread (ZSD)
	μ [deg]
	1.00
	3.36
	0.00
	1.70
	7.94

	
	σ
	1.00
	2.14
	0.00
	1.58
	2.69

	ZOA spread (ZSA)
	μ [deg]
	3.83
	4.95
	3.98
	3.98
	10.47

	
	σ
	1.91
	1.78
	1.23
	1.45
	9.12

	Shadow fading 
	(SF) [dB]
	4.00
	2.00
	0.00
	2.00
	3.00

	K-factor (K) 
	μ [dB]
	9.00
	3.13
	2.40
	8.40
	11.00

	
	σ
	5.00
	5.86
	2.00
	2.20
	7.00

	Number of Clusters 
	 Clusters [units]
	12
	2
	5
	4
	12

	Number of ray per Clusters 
	Paths [units]
	20
	20
	12
	0
	0

	Cluster DS
	DS [ns]
	5
	16
	0
	0
	0

	Cluster ASD
	ASD  [deg]
	3
	3
	1.5
	0.5
	5.99

	Cluster ASA
	ASA  [deg]
	17
	15
	6.7
	0.5
	18

	Cluster ZSA
	ZSA  [deg]
	7
	7.1
	1.8
	0.5
	7.0

	Cluster ZSD
	ZSD  [deg]
	0
	1.3
	0.8
	0.5
	3.6

	Cluster Shadow ξ [dB]
	 C SF [dB}
	3
	6.67
	13.6
	3
	7


Table 10. Umi NLOS parameters
	Frequency 28 GHZ
	Umi Scenario NLOS

	
	3GPP 
	mmMAGIC 
	NYU
	METIS min
	METIS max

	Delay spread (DS) 
	μ [ns]
	6.59
	6.23
	2.29
	1.91
	12.88

	
	σ
	3.27
	1.88
	3.16
	1.07
	3.47

	AOD spread (ASD) 
	μ [deg]
	15.62
	7.59
	23.99
	10
	47.86

	
	σ 
	3.10
	2.00
	2.57
	1.32
	2.45

	AOA spread (ASA) 
	μ [deg]
	49.32
	27.54
	24.55
	8.51
	69.18

	
	σ
	2.36
	2.00
	2.45
	1.41
	2.88

	ZOD spread (ZSD)
	μ [deg]
	1.00
	0.63
	0
	0.20
	7.24

	
	σ
	1.00
	1.82
	0
	1.58
	6.76

	ZOA spread (ZSA)
	μ [deg]
	7.27
	5.34
	5.25
	0.18
	8.91

	
	σ
	2.03
	1.96
	2.00
	1.45
	15.49

	Shadow fading 
	(SF) [dB]
	8.2
	7.82
	0
	3.00
	20.60

	K-factor (K) 
	μ [dB]
	0
	0
	-0.40
	0
	0

	
	σ
	0
	0
	4.30
	0
	0

	Number of Clusters 
	 Clusters
	19
	3
	5
	16
	25

	Number of ray per Clusters 
	Paths
	20
	26
	13
	0
	0

	Cluster DS
	DS [ns]
	11
	24
	0
	0
	0

	Cluster ASD
	ASD  [deg]
	10
	10
	3
	0.5
	10

	Cluster ASA
	ASA  [deg]
	22
	22
	10
	0.5
	22

	Cluster ZSA
	ZSA  [deg]
	7
	5
	2
	0.5
	7

	Cluster ZSD
	ZSD  [deg]
	0
	0
	0
	0.5
	3

	Cluster Shadow ξ [dB]
	 C SF [dB}
	3
	3
	16
	3
	6
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