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1 Introduction
A SID on 3D-channel model for elevation beamforming and FD-MIMO was agreed in the RAN58 meeting [1]. The objectives of the study are to: 

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 
· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes.
In this contribution, we will show our proposals for the modifications to the 3GPP evaluation methodology including 3D channel model with multipath fading in both elevation and azimuth domains, modeling for UE location and mobility. Proposals for 3D antenna model with the 2D antenna array based on RAN4 work [2] and A2.1.6 in 36.814 [3] can be found in the companion contribution [4]. A point of view on the typical usage scenarios of elevation beamforming is provided in a companion contribution [5]. 
2 3D channel model with multipath fading in both azimuth and elevation 
The current ITU channel model described in 36.814 is, in practice, a two dimension channel model. In particular, the angles of arrival and departure of a multipath component or cluster/ray are actually determined only in azimuth domain. It is necessary to extend the current channel model to incorporate elevation, especially for elevation beamforming and FD-MIMO, which are both based on active antenna system and spatial characteristic of channel is important, especially for the elevation domain. 
The 3D extension methodology has been discussed outside 3GPP, e.g., deliverables D1.1.2 from WINNER II [6] and D5.3 from WINNER+ [7]. A set of the elevation related parameters based on literature survey was proposed in D5.3 [7].  However, the parameters were given only for a very limited set of propagation scenarios in Table 4-6 in D1.1.2 and some unavailable values are simply set to zero. These parameters also have some obvious defects, such as the cross-correlation matrix of large scale parameters is non-positive definite which results in the failure of the Cholesky factorization of the correlation matrix. Furthermore, measurements were not used to verify the parameters and some distributions (such as the Gaussian distribution of departure and arrival angle in elevation) are not consistent with previous measurement results [9]. 
To supplement the elevation related parameters and also verify the distribution of elevation related and other existing parameters, an extensive measurement campaign [8] was conducted for Urban Marco (UMa) and Urban Micro (UMi) scenarios. The framework was based on the superposition of cluster / rays traced in a double-directional geometrical model of stochastic snapshots of a channel, which is consistent with ITU channel model in 36.814 and those in [6,7].   Hence, we will directly discuss the channel model extension based on the existing description in Annex B of 36.814, including three main generation procedures as follows. 

2.1 Large scale parameter generation
The current large scale parameters (LSPs) include delay spread (DS), rms azimuth spread of departure angles (ASD) and rms azimuth spread of arrival angles (ASA), Ricean K factor and shadow fading (SF). To capture the angular spreads in elevation, two new LSPs, rms elevation spread of departure angles (ESD) and rms elevation spread of arrival angles (ESA), should be generated. 

Similar to AS in azimuth, a log-normal distribution can be observed, from the comparison of measured results and the fitted Log-normal distribution for UMa and UMi scenarios, as depicted in Fig.1, where the distribution parameter are given in Table 1.
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Fig.1 Distribution of angular spreads in elevation, Left for UMa, right for UMi.
Table 1. Angle spread distribution parameters for elevation
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	ESD
 log10([(])
	
	-
	-
	0.27
	0.6
	-
	0.11
	0.83
	-
	-

	
	
	-
	-
	0.29
	0.2
	-
	0.2
	0.05
	-
	-

	ESA
 log10([(])
	
	-
	-
	1.06
	0.88
	-
	1.49
	1.26
	-
	-

	
	
	-
	-
	0.18
	0.16
	-
	0.43
	0.16
	-
	-


Correlation of the above LSPs can be achieved by auto-correlation operation followed by a cross-correlation operation [6]. Auto-correlation is used to describe the dependence of the large scale parameter on the UE location. For each large-scale parameter of different links, an independent Gaussian random process is filtered with a two dimensional FIR filter to generate an exponential auto-correlation. The 2D FIR filter has an impulse response given by 


[image: image3.wmf](

)

exp

m

m

d

hd

æö

=-

ç÷

D

èø

,
(1)

where d is distance and 
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 is the correlation distance of the m-th large scale parameter. Based on the experimental results for UMa and UMi scenarios, the correlation distance of ESD and ESA can be given in Table 2. It can be observed that the correlation distances of angular spread in elevation are slightly less than or equal to those in azimuth.  An equal correlation distance of angular spread in elevation and azimuth is assumed for simplicity in D5.3 in [7]. 
Table. 2. Correlation distance parameters for elevation
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Correlation distance [m]
	ESD
	-
	-
	8
	10
	-
	18
	50
	-
	-

	
	ESA
	-
	-
	8
	9
	-
	15
	50
	-
	-


Generation of cross-correlation of LSPs within each link is achieved by a transformation of auto-correlated LSPs
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where xauto and ycross are the vectors consisting of auto-correlated and cross-correlated LSPs, respectively. The cross-correlation matrix C should be positive definite to assure the existence of its square-root matrix.
The measured results of cross-correlated parameters for UMa and UMi scenarios are given in Table 3, which will result in a positive definite correlation matrix C. 
Table 3. Cross-correlations parameters for elevation
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Cross-Correlations *
	ESD vs DS
	-
	-
	-0.07
	-0.5
	-
	-0.3
	-0.3
	-
	-

	
	ESA vs DS
	-
	-
	0.12
	0
	-
	0.13
	0
	-
	-

	
	ESA vs SF
	-
	-
	0
	0
	-
	-0.8
	-0.5
	-
	-

	
	ESD vs SF
	-
	-
	0
	0
	-
	0
	0
	-
	-

	
	ESD vs ASA
	-
	-
	-0.26
	0
	-
	-0.2
	0
	-
	-

	
	ESD vs ESA
	-
	-
	-0.20
	0
	-
	-0.11
	0
	-
	-

	
	ESD vs K
	-
	-
	0
	N/A
	N/A
	0
	N/A
	-
	-

	
	ESA vs K
	-
	-
	0
	N/A
	N/A
	0
	N/A
	-
	-

	
	ESD vs ASD
	-
	-
	0
	0.5
	-
	0
	0.3
	-
	-

	
	ESA vs ASD
	-
	-
	0
	0.5
	-
	0.44
	-0.2
	-
	-

	
	ESA vs ASA
	-
	-
	0.37
	0
	-
	0.30
	0
	-
	-


2.2 Small scale parameter generation 
For small scale parameter generation procedure, one main modification is to introduce an additional step to generate elevation angles of departure (EoDs) and elevation angles of arrival (EoAs). 
A double-sided exponential distribution of EoDs and EoA is proposed in [9]. It can be simplified into a Laplacian distribution with non-zero mean [7], which fits well with the experiment results for UMa and UMi scenarios, as shown in Fig.2 and Fig.3, respectively.
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 Fig.2 Distribution of elevation angle of departure for Urban Macro scenario
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Fig.3 Distribution of elevation angle of departure for Urban Micro scenario
Based on the above observation, we propose to generate EoDs and EoAs based on the Laplacian distribution with non-zero mean. The non-zero means for UMa and UMi are given in Table 4. 
Table 4. Distribution parameters for EoD and EoAs
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Mean EoD (MED) ([(])linear 
	MED 
	-
	-
	-2
	-2
	-
	2
	-2
	-
	-

	Mean EoA (MEA) ([(])linear
	MEA 
	-
	-
	2
	2
	-
	6
	10
	-
	-

	EoD and EoA distribution
	Laplacian
	Laplacian
	Laplacian
	-


Furthermore, the cluster-wise rms angle spreads in elevation are given in Table 5.
Table 5. Cluster-wise AS in elevation
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Cluster ESD
	-
	-
	1.45
	3
	-
	1.16
	2.3
	-
	-

	Cluster ESA
	-
	-
	6.68
	7
	-
	15.5
	7
	-
	-


Another modification is to introduce additional random coupling between EoDs, EoAs, AoD and AoAs. 

2.3 Channel coefficients generation
For channel coefficients generation procedure, the following natural modifications should be made to incorporate the elevation: 
·   Phase shift computation is based on the inner product of the 3D location vector and the 3D unit vector of departure or arrival direction, which is the projection of the antenna element / port location vector on the direction of departure or arrival.
·   Doppler frequency component computation is based on the inner product of the 3D velocity vector and the 3D unit vector of arrival direction, which is the projection of the velocity vector on the direction of arrival.
·   Field patterns are based on 3D antenna model. Field pattern at eNodeB should be based on that in companion contribution [4]. 

Specifically, based on description of Step 10a in 36.814 [3], the channel coefficients for the NLOS case are given by:
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where 
·   Frx,u,V and Frx,u,H are the receive (rx) antenna element u field patterns for vertical (V) and horizontal (H) polarizations, respectively; 
·   Ftx,s,V and Ftx,s,H are the transmit (tx) antenna element s field patterns for vertical and horizontal polarizations, respectively, where antenna element s should be understood as antenna port and the field pattern is as given in the companion contribution[4]. 
·  
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 is the location vector of element u;
·   
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 is the location vector of element s. It should be noted that for antenna port corresponding to a sub-array, the location vectors corresponds to the reference antenna element of the sub-array in the Antenna Array for AAS as given in a companion contribution [4].
The above two unit vectors 
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The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel v


[image: image22.wmf].

,

0

nm

nm

v

j

u

l

×

=


(21a)
where 
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 is the velocity vector of UT with speed v and travel azimuth angle of 
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and elevation angle of v. vector 
[image: image25.wmf]v

can be given by 
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Similarly, the channel coefficients for the LOS case are given by:
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where (.) is the Dirac delta function and KR is the Ricean K-factor defined in Table B.1.2.2.1-4 converted to linear scale. 

For the LOS case, An important modification for linear polarization we propose is to set equal random initial phase for both VV and HH polarizations in the LOS case, i.e., 
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This co-phase diagonal elements of the polarization matrix can be verified by the measurement campaign in [8], as shown in Fig.4, where the received power at Rx is given for linear polarization with slant angle of from 0°to 360°and polarization of 0°corresponds to the vertical polarization direction. It can be observed from Fig.4 that when the circularly-polarized wave was transmitted, the received power remained stable regardless of the polarizations of Rx antenna. When the vertical linearly-polarized wave was transmitted, i.e. the polarization was along 0°, the received power achieved the maxima when the Rx polarization matched the Tx polarization, i.e. being   90°or 270°polarized, and reduced to the minima when the Rx and Tx polarizations were orthogonal. It is evident that the polarization of the transmitted waves does not change in the LoS scenario considered in the measurement.
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Fig.4 Power distribution for different polarization in the LOS case
For convenience, a concrete text proposal for modification to channel model description in TR36.814 is given in Appendix A for reference. For the O2I case in UMa scenario, we propose to reuse the parameters for the NLOS case, as done in TR 36.819[11]. 
3 Model on UE location and mobility
The vertical distribution of UE location will impact on the performance evaluation of elevation beamforming and FD-MIMO. Currently a fixed UE height such as 1.5m in ITU channel model is assumed, which is not completely consistent with the practical distribution of UE, such as those in high rise building.  

To evaluate the spatial potential gain of elevation beamforming and FD-MIMO, especially the additional freedom in vertical direction, it is necessary to introduce additional vertical UE distribution on the basis of uniform or clustered UE distribution in horizontal plane. The distribution can be FFS. 
It should be noted that the UE location distribution will impact on path loss and the line-of-sight (LOS) probabilities in 36.814 [3]. We propose to follow the existing methodology in 36.819 [11].
The velocity distribution of UE will impact on Doppler frequency components, e.g., the time correlation of channel. The current channel model of UE mobility in horizontal plane may continue to be effective in practice. However, it is necessary to differentiate the speed of UE located at outdoor or indoor. For indoor UE, only low speed 0 – 3 km/h should be considered. For outdoor UE, not only low speed but also medium speed up to 30km/h and even higher speed should be considered [12]. 
4 Conclusion

In this contribution, we discussed 3D extension of ITU channel model in 36.814 and modeling for UE location and mobility to fit elevation beamforming and FD-MIMO purposes. Based on the discussion, we have the following proposals:
· ITU channel model in 36.814 should be extended to incorporate elevation to fit elevation beamforming and FD-MIMO.  The extension for Urban Macro and Urban Micro  includes

· Generation of angle spreads in elevation including ESD and ESA. 

· Based on log-normal distribution with parameters according to Table 1
· Auto-correlation distance according to Table 2.

· Cross-correlation coefficients according to Table 3.

· Generation of elevation angle of departure (EoD) and Elevation angle of arrival (EoA)

· Based on Laplacian distribution with non-zero mean, given in Table 4.

· Cluster-wise AS according to Table 5.

· Generation of channel coefficients 
·  Phase shift and Doppler frequency component computation based on 3D vector inner product. 
· Field pattern at eNodeB based on that in companion contribution [4]. 
· Equal random initial phases for both VV and HH polarisations in the LOS case.
· For O2I case in Urban Urban Macro 
· Parameters for NLOS case can be reused as starting point as done in TR36.819.

·   For O2I case in Urban Urban Micro 
· WINNER + or Parameters for NLOS case can be reused as starting point as done in TR36.819

· Additional vertical distribution of UE should be introduced.

· Concrete distribution is FFS.
· Impact on path loss and LOS probability can be handled as in TR36.819.   

· For UE mobility, 

· Motion in horizontal plane should be used as baseline

· Motion speed should be set according to outdoor UE or indoor UE.
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5 Appendix A – Text proposal
----------------------------------- Start of text proposal for General parameters  -----------------------------------

Step 1:  Set environment, network layout, and antenna array parameters

a. Choose one of the scenarios (InH, UMi, …)

b. Give number of BS and UT

c. Give locations of BS and UT, or equally distances of each BS and UT and relative directions and azimuth angle of arrival (LOS,AoA, azimuth angle of departure (LOS,AoD elevation angle of arrival (LOS,EoA, elevation angle of departure (LOS,EoD of each BS and UT in the LOS direction
d. Give BS and UT antenna field patterns Frx and Ftx and array geometries

e. Give BS and UT array orientations with respect to north (reference) direction

f. Give speed and direction of motion of UT

g. Give system centre frequency
----------------------------------- End of text proposal for General parameters  -----------------------------------

----------------------------------- Start of text proposal for Large scale parameters  ------------------------------

Step 4:  Generate correlated large scale parameters, i.e. delay spread, angular spreads in both azimuth and elevation domains, Ricean K factor and shadow fading term like explained in [B2, section 3.3.1] (Correlations between large scale parameters). Limit random rms arrival and departure azimuth spread values to 104 degrees, i.e., (  = min(( ,104().
----------------------------------- End of text proposal for Large scale parameters  ------------------------------

----------------------------------- Start of text proposal for Small scale parameters --------------------------------

Step 7a:  Generate arrival angles ( AoA and departure angles ( AoD in azimuth domain.
As the composite PAS of all clusters is modelled as wrapped Gaussian (see Table B.1.2.2.1-4), except indoor hotspot scenario (InH) as Laplacian, the AoAs are determined by applying the inverse Gaussian function (13) or inverse Laplacian function (14) with input parameters Pn and RMS azimuth angle spread (,AoA
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In the equation (13a) 
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 is the standard deviation of the arrival angles (the factor 1.4 is the ratio of Gaussian std and the corresponding “RMS spread”). Constant C  is a scaling factor related to total number of clusters and is given in the table below: 

Table B.1.2.2.1-1
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	15
(InH)
	16
	19
	19
(InH)
	20

	C
	0.779
	0.860
	1.018
	1.090
	1.123
	1.146
	1.190
	1.211
	1.434
	1.226
	1.273
	1.501
	1.289


In the LOS case, constant C is dependent also on the Ricean K-factor. Constant C in (13) and (14) is substituted by CLOS. Additional scaling of the angles is required to compensate for the effect of LOS peak addition to the angle spread. The heuristically determined Ricean K-factor dependent scaling constant is 
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As for indoor  hotspot scenario, the scaling constant is:
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where K [dB] is the Ricean K-factor defined in Table B.1.2.2.1-4.
Assign positive or negative sign to the angles by multiplying with a random variable Xn,AoA with uniform distribution to the discrete set of {1,–1}, and add component 
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where (LOS,AoA is azimuth angle of arrival in the LOS direction defined in the network layout description, see Step1c.

In the LOS case, substitute (17a) by (18a) to enforce the first cluster to azimuth angle of arrival in the LOS direction (LOS,AoA  
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Finally add offset angles m from Table B.1.2.2.1-2 to the cluster angles
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where cAoA is the cluster-wise rms azimuth spread of arrival angles (cluster ASA) in Table B.1.2.2.1-4.
Table B.1.2.2.1-2 Ray offset angles within a cluster, given for 1 rms angle spread

	Ray number m
	Basis vector of offset angles m

	1,2
	± 0.0447

	3,4
	± 0.1413

	5,6
	± 0.2492

	7,8
	± 0.3715

	9,10
	± 0.5129

	11,12
	± 0.6797

	13,14
	± 0.8844

	15,16
	± 1.1481

	17,18
	± 1.5195

	19,20
	± 2.1551


For azimuth departure angles (n,AoD the procedure is similar.
Step 7b:  Generate arrival angles ( EoA and departure angles ( EoD in elevation domain.
As the composite PAS of all clusters is modelled as Laplacian, the EoAs are determined by applying the inverse Laplacian function (14b) with input parameters Pn and RMS elevation angle spread (,EoA
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 Where 
[image: image47.wmf]MEA

m

 is the mean value of EoA. Constant C  can be given in Table B.1.2.2.1-1. 
In the LOS case, constant C is dependent also on the Ricean K-factor. Constant C in (14b) is substituted by CLOS, which can be given by equation (15). As for indoor hotspot scenario, the scaling constant can re-use equation (16).
Assign positive or negative sign to the angles by multiplying with a random variable Xn,EoA with uniform distribution to the discrete set of {1,–1}, and add component 
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where (LOS,EoA is elevation angle of arrival in the LOS direction defined in the network layout description, see Step1c.

In the LOS case, substitute (17b) by (18b) to enforce the first cluster to elevation angle of arrival in the LOS direction (LOS,EoA  
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Finally add offset angles m from Table B.1.2.2.1-2 to the cluster angles
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where cEoA is the cluster-wise rms elevation spread of arrival angles (cluster ESA) in Table B.1.2.2.1-4 with extension in elevation domain.

For elevation departure angles (n,EoD the procedure is similar.
Step 8:  Random coupling of rays within clusters. 

Couple randomly azimuth departure ray angles (n,m,AoD  to azimuth arrival ray angles (n,m,AoA, elevation departure ray angles (n,m,EoD  to elevation arrival ray angles (n,m,EoA, elevation arrival ray angles (n,m,EoA  to azimuth arrival ray angles (n,m,AoA within a cluster n, or within a sub-cluster in the case of two strongest clusters (see Step 10a and Table B.1.2.2.1-2).
----------------------------------- End of text proposal for Small scale parameters --------------------------------

----------------------------------- Start of text proposal for Coefficient generation --------------------------------

Step 9:  Draw random initial phase 
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 for each ray m of each cluster n and for four different polarisation combinations (vv,vh,hv,hh). The distribution for initial phases is uniform within (-).

In the LOS case, draw also random initial phases 
[image: image53.wmf]{

}

hh

vv

,

LOS

LOS

F

F

 for both VV and HH polarisations and 
[image: image54.wmf]vvhh

LOSLOS

F=F

.

Step 10a:  Generate channel coefficients for each cluster n and each receiver and transmitter element pair u,s.

For the N – 2 weakest clusters, say n = 3,4,…,N,  and uniform linear arrays (ULA), the channel coefficients are given by:
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    (20)

where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarisations respectively, 
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 can be given by 
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are the location vectors of element u and s respectively (it should be noted that for antenna port corresponding to a sub-array, the location vectors corresponds to the reference antenna element of the sub-array in the Antenna Array for AAS).  is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.
The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel v
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where  
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  is the velocity vector of UT with speed v and travel azimuth angle of 
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and elevation angle of v. vector 
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For the two strongest clusters, say n = 1 and 2, rays are spread in delay to three sub-clusters (per cluster), with fixed delay offset {0,5,10 ns} (see Table B.1.2.2.1-3). The delays of the sub-clusters are
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Twenty rays of a cluster are mapped to sub-clusters as presented in Table B.1.2.2.1-3 below. The corresponding offset angles are taken from Table B.1.2.2.1-2 with mapping of Table B.1.2.2.1-3.

Table B.1.2.2.1-3 Sub-cluster information for intra cluster delay spread clusters

	sub-cluster #
	mapping to rays
	power
	delay offset

	1
	1,2,3,4,5,6,7,8,19,20
	10/20
	0 ns

	2
	9,10,11,12,17,18
	6/20
	5 ns

	3
	13,14,15,16
	4/20
	10 ns


In the LOS case, define 
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 and determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficient generated by (20). The channel coefficients are given by:
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where (.) is the Dirac’s delta function and KR is the Ricean K-factor defined in Table B.1.2.2.1-4 converted to linear scale. 

----------------------------------- End of text proposal for Coefficient generation --------------------------------

-------------------------------- Start of text proposal for Channel model parameters -------------------------------

Table B.1.2.2.1-4 Channel model parameters
· In the table below DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ESD = rms elevation spread of departure angles, ESA = rms elevation spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

· The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	
	-7.70
	-7.41
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-7.49
	-7.43

	
	
	0.18
	0.14
	0.40
	0.54
	0.32
	0.66
	0.39
	0.55
	0.48

	AoD spread (ASD) log10([(])
	
	1.60
	1.62
	1.20
	1.41
	1.25
	1.15
	1.41
	0.90
	0.95

	
	
	0.18
	0.25
	0.43
	0.17
	0.42
	0.28
	0.28
	0.38
	0.45

	AoA spread (ASA) log10([(])
	
	1.62
	1.77
	1.75
	1.84
	1.76
	1.81
	1.87
	1.52
	1.52

	
	
	0.22
	0.16
	0.19
	0.15
	0.16
	0.20
	0.11
	0.24
	0.13

	EoD spread (ESD) log10([(])
	
	-
	-
	0.27
	0.6
	-
	0.11
	0.83
	-
	-

	
	
	-
	-
	0.29
	0.2
	-
	0.2
	0.05
	-
	-

	Mean EoD (MED) ([(])linear 
	MED 
	-
	-
	-2
	-2
	-
	2
	-2
	-
	-

	EoA spread (ESA) log10([(])
	
	-
	-
	0.60
	0.88
	-
	0.95
	1.26
	-
	-

	
	
	-
	-
	0.16
	0.16
	-
	0.16
	0.16
	-
	-

	Mean EoA (MEA) ([(])linear
	MEA 
	-
	-
	2
	2
	-
	6
	10
	-
	-

	Shadow fading (SF) [dB]
	
	3
	4
	3
	4
	7
	4
	6
	4
	8

	K-factor (K) [dB]
	
	7
	N/A
	9
	N/A
	N/A
	9
	N/A
	7
	N/A

	
	
	4
	N/A
	5
	N/A
	N/A
	3.5
	N/A
	4
	N/A

	Cross-Correlations *
	ASD vs DS
	0.6
	0.4
	0.5
	0
	0.4
	0.4
	0.4
	0
	-0.4

	
	ASA vs DS
	0.8
	0
	0.8
	0.4
	0.4
	0.8
	0.6
	0
	0

	
	ASA vs SF
	-0.5
	-0.4
	-0.4
	-0.4
	0
	-0.5
	0
	0
	0

	
	ASD vs SF
	-0.4
	0
	-0.5
	0
	0.2
	-0.5
	-0.6
	0
	0.6

	
	DS   vs SF
	-0.8
	-0.5
	-0.4
	-0.7
	-0.5
	-0.4
	-0.4
	-0.5
	-0.5

	
	ASD vs ASA
	0.4
	0
	0.4
	0
	0
	0
	0.4
	0
	0

	
	ASD vs 
	0
	N/A
	-0.2
	N/A
	N/A
	0
	N/A
	0
	N/A

	
	ASA vs 
	0
	N/A
	-0.3
	N/A
	N/A
	-0.2
	N/A
	0
	N/A

	
	DS vs 
	-0.5
	N/A
	-0.7
	N/A
	N/A
	-0.4
	N/A
	0
	N/A

	
	SF vs 
	0.5
	N/A
	0.5
	N/A
	N/A
	0
	N/A
	0
	N/A

	
	ESD vs DS
	-
	-
	-0.07
	-0.5
	-
	-0.3
	-0.5
	-
	-

	
	ESA vs DS
	-
	-
	0.12
	0
	-
	0.13
	0
	-
	-

	
	ESA vs SF
	-
	-
	0
	0
	-
	-0.8
	-0.8
	-
	-

	
	ESD vs SF
	-
	-
	0
	0
	-
	0
	0
	-
	-

	
	ESD vs ASA
	-
	-
	-0.26
	0
	-
	-0.20
	0
	-
	-

	
	ESD vs ESA
	-
	-
	-0.20
	0
	-
	-0.11
	0
	-
	-

	
	ESD vs K
	-
	-
	0
	N/A
	-
	0
	N/A
	-
	-

	
	ESA vs K
	-
	-
	0
	N/A
	-
	0
	N/A
	-
	-

	
	ESD vs ASD
	-
	-
	0.33
	0.5
	-
	0
	0.5
	-
	-

	
	ESA vs ASD
	-
	-
	0.36
	0.5
	-
	0.44
	-0.4
	-
	-

	
	ESA vs ASA
	-
	-
	0.37
	0
	-
	0.30
	0
	-
	-

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Laplacian
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian

	EoD and EoA distribution
	-
	Laplacian
	Laplacian
	-

	Delay scaling parameter  r(
	3.6
	3
	3.2
	3
	2.2
	2.5
	2.3
	3.8
	1.7

	XPR [dB]
	
	11
	10
	9
	8.0
	9
	8
	7
	12
	7

	Number of clusters
	15
	19
	12
	19
	12
	12
	20
	11
	10

	Number of rays per cluster
	20
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster ASD
	5
	5
	3
	10
	5
	5
	2
	2
	2

	Cluster ASA
	8
	11
	17
	22
	8
	11
	15
	3
	3

	Cluster ESD
	-
	-
	1.45
	3
	-
	1.16
	2.3
	-
	-

	Cluster ESA
	-
	-
	6.68
	7
	-
	15.5
	7
	-
	-

	Per cluster shadowing std  [dB]
	6
	3
	3
	3
	4
	3
	3
	3
	3

	Correlation distance [m]
	DS
	8
	5
	7
	10
	10
	30
	40
	50
	36

	
	ASD
	7
	3
	8
	10
	11
	18
	50
	25
	30

	
	ASA
	5
	3
	8
	9
	17
	15
	50
	35
	40

	
	ESD
	-
	-
	8
	10
	-
	18
	50
	-
	-

	
	ESA
	-
	-
	8
	9
	-
	15
	50
	-
	-

	
	SF
	10
	6
	10
	13
	7
	37
	50
	37
	120

	
	
	4
	N/A
	15
	N/A
	N/A
	12
	N/A
	40
	N/A


---------------------------------- End of text proposal for Channel model parameters  ------------------------------
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