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7.5	Fast fading model
The radio channel realizations are created using the parameters listed in Table 7.5-1. The channel realizations are obtained by a step-wise procedure illustrated in Figure 7.5-1 and described below. It has to be noted that the geometric description covers arrival angles from the last bounce scatterers and respectively departure angles to the first scatterers interacted from the transmitting side. The propagation between the first and the last interaction is not defined. Thus, this approach can model also multiple interactions with the scattering media. This indicates also that e.g., the delay of a multipath component cannot be determined by the geometry. In the following steps, downlink is assumed. For uplink, arrival and departure parameters have to be swapped. 
Note: the channel generation in this section is enough for at least the following cases. For other advanced simulation, some of the additional modelling components in section 7.6 should be considered. 
-	Case 1: For low complexity evaluations
-	Case 2: To compare with earlier simulation results, 
-	Case 3: When none of the additional modeling components are turned on.
For other advanced simulations, e.g., spatially consistent mobility modelling for beamtracking, large bandwidth and arrays, oxygen absorption, etc., some of the additional modelling components of Section 7.6 should be considered.



Figure 7.5-1 Channel coefficient generation procedure





Figure 7.5-2: Definition of a global coordinate system showing the zenith angle θ and the azimuth angle ϕ. θ=00 points to zenith and θ=+900 points to the horizon. 
The spherical basis vectors  and  shown above are defined based on the direction of propagation.

Table 7.5-1: Notations in the global coordinate system (GCS)
	Parameter
	Notation
	Comments

	LOS AOD
	ϕLOS,AOD
	defined by ϕ from geometry (BS and UT locations) ϕ

	LOS AOA
	ϕLOS,AOA
	defined by ϕ from geometry (BS and UT locations)ϕ

	LOS ZOD
	θLOS,ZOD
	defined by θ from geometry (BS and UT locations)θ

	LOS ZOA
	θLOS,ZOA
	defined by θ from geometry (BS and UT locations)θ

	AOA for cluster n
	ϕn,AOA
	defined by ϕ from stochastic model

	AOD for cluster n
	ϕn,AOD
	defined by ϕ from stochastic model

	AOA for ray m in cluster n
	ϕn,m,AOA
	defined by ϕ from stochastic model

	AOD for ray m in cluster n
	ϕn,m,AOD
	defined by ϕ from stochastic model

	ZOA for cluster n
	θn,ZOA
	defined by θ from stochastic model

	ZOD for cluster n
	θn,ZOD
	defined by θ from stochastic model

	ZOA for ray m in cluster n
	θn,m,ZOA
	defined by θ from stochastic model

	ZOD for ray m in cluster n
	θn,m,ZOD
	defined by θ from stochastic model

	
Receive antenna element u field pattern in the direction of the spherical basis vector 
	Frx,u,θ
	

	
Receive antenna element u field pattern in the direction of the spherical basis vector 
	Frx,u,ϕ
	

	
Transmit antenna element s field pattern in the direction of the spherical basis vector 
	Ftx,s,θ
	

	
Transmit antenna element s field pattern in the direction of the spherical basis vector 
	Frx,s,ϕ
	



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


a) 	Choose one of the scenarios (e.g. RMa, UMa, UMi-Street Canyon, UMi-Open square, or InH-Office, InH-Shopping mall, etc. ). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors ,  as shown in Figure 7.3-2. Note: Scenario RMa is for up to 7GHz while others are for up to 100GHz
b)	Give number of BS and UT
c)	Give 3D locations of BS and UT, and calculate LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system.
d)	Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries
e)	Give BS and UT array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). UT array orientation is defined by three angles ΩUT,α (UT bearing angle), ΩUT,β (UT downtilt angle) and ΩUT,γ (UT slant angle).
f)	Give speed and direction of motion of UT in the global coordinate system
g)	Specify system centre frequency and bandwidth

Large scale parameters:
Step 2: Assign propagation condition (LOS/NLOS) according to Table 7.4.2-1. The propagation conditions for different BS-UT links are uncorrelated. Note that in Section 7.6.3.3 an optional spatial consistency model is proposed for the drop based simulations. This model creates spatial dependency of LOS/NLOS among BS-UT links where the UT’s are closely spaced.
Also, assign an indoor/outdoor state for each UT. It is noted that all the links from a UT has have athe same indoor/outdoor state. 
Step 3: Calculate pathloss with formulas in Table 7.4.1-1 for each BS-UT link to be modelled.

Step 4: Generate large scale parameters, e.g. delay spread (DS), angular spreads (ASA, ASD, ZSA, ZSD), Ricean K factor (K) and shadow fading (SF) taking into account cross correlation according to Table 7.5-6 and using the procedure described in section 3.3.1 of [14] with the square root matrixbeing generated using the Cholesky decomposition and the following order of the large scale parameter vector: sM = [sSF, sK, sDS, sASD, sASA, sZSD, sZSA]T. 
These LSPs for different BS-UT links are uncorrelated, but the LSPs for links from co-sited sectors to a UT are the same. In addition, these LSPs for the links of UTs on different floors are uncorrelated. Note that in Section 7.6.3.1 an optional spatial consistency model is proposed for the drop based simulations of the LSPs. This model creates spatial dependency of LSPs among BS-UT links where the UT’s are closely spaced.
Limit random RMS azimuth arrival and azimuth departure spread values to 104 degrees, i.e., ASA= min(ASA ,104), ASD = min(ASD ,104). Limit random RMS zenith arrival and zenith departure spread values to 52 degrees, i.e., ZSA = min(ZSA,52), ZSD = min(ZSD,52).

Small scale parameters:
Note that for the following steps there are several different optional extensions defined in Section 7.6. These extensions are concerned with respect to spatial consistency in a drop based scenario and as well for mobility in the case of evaluating beamtracking algorithms, large array and large bandwidth, blockage models, etc. These extensions are computationally more expensive and might not be required in all evaluation cases. Thus these extensions are defined as optional.
Step 5: Generate delays 
Delays are drawn randomly from the delay distribution defined in Table 7.5-6. With exponential delay distribution calculate

,	(7.27.5.1)
Where r is the delay distribution proportionality factor, Xn ~ uniform(0,1), and cluster index n = 1,…,N. With uniform delay distribution the delay values n’ are drawn from the corresponding range. Normalise the delays by subtracting the minimum delay and sort the normalised delays to ascending order:

.	(7.37.5.2)
In the case of LOS condition, additional scaling of delays is required to compensate for the effect of LOS peak addition to the delay spread. The heuristically determined Ricean K-factor dependent scaling constant is

,	(7.47.5.3)

where K [dB] is the Ricean K-factor defined in Table 7.5-6 The scaled delays

,	(7.57.5.4)
are not to be used in cluster power generation.

Step 6: Generate cluster powers.
Cluster powers are calculated assuming a single slope exponential power delay profile. Power assignment depends on the delay distribution defined in Table 7.5-6. With exponential delay distribution the cluster powers are determined by

	(7.5.56)

where  is the per cluster shadowing term in [dB]. Average the power so that the sum power of all cluster powers is equal to one, i.e., 

	(7.5.67)
In the case of LoS condition an additional specular component is added to the first cluster. Power of the single LoS ray is:


and the cluster powers are not normalized as in equation (7.75.6), but:


where (.) is Dirac’s delta function and KR is the Ricean K-factor defined in Table 7.5-6 converted to linear scale. These power values are used only in equations (7.85.7) and (7.135.12), but not in equation (7.5.2021).
Assign the power of each ray within a cluster as Pn / M, where M is the number of rays per cluster.
Remove clusters with less than -25 dB power compared to the maximum cluster power. The scaling factors need not be changed after cluster elimination.

Step 7: Generate arrival angles and departure angles for both azimuth and elevation.
The composite PAS in azimuth of all clusters is modelled as wrapped Gaussian (see Table 7.5-6). The AOAs are determined by applying the inverse Gaussian function (7.5.78) with input parameters Pn and RMS angle spread ASA 

.	(7.5.78)
In equation (7.85.7) the constant C is a scaling factor related to the total number of clusters and is given in Table 7.5-2:
Table 7.5-2: Scaling factors for AOA, AOD generation
	# clusters
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20

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



In the LOS case, constant C is dependent also on the Ricean K-factor. Constant C in (7.8) 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 

,	(7.95.8)
where K [dB] is the Ricean K-factor defined in Table 7.5-6.


Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and add component  to introduce random variation

,	(7.105.9)
where ϕLOS,AOA is the LOS direction defined in the network layout description, see Step1c.
In the LOS case, substitute (7.105.9) by (7.115.10) to enforce the first cluster to the LOS direction ϕLOS, AOA 

	.	(7.115.10)
Finally add offset angles m from Table 7.5-3 to the cluster angles

,	(7.125.11)
where cASA is the cluster-wise rms azimuth spread of arrival angles (cluster ASA) in Table 7.5-6.
Table 7.5-3: Ray offset angles within a cluster, given for 1 rms angle spread normalized to 1°
	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




The generation of AOD () follows a procedure similar to AOA as described above.
The generation of ZOA assumes that the composite PAS in the zenith dimension of all clusters is Laplacian (see Table 7.5-6). The ZOAs are determined by applying the inverse Laplacian function (7.135.12) with input parameters Pn and RMS angle spread ZSA

	(7.135.12)
In equation (7.135.12) the constant C is a scaling factor related to the total number of clusters and is given in Table 7.5-4:
Table 7.5-4: Scaling factors for ZOA, ZOD generation
	# clusters
	8
	10
	12
	19
	20

	C
	0.889
	0.957
	1.104
	1.184
	1.178



In the LOS case, constant C in (7.13) is substituted by CLOS given by:

          (7.145.13)
where K [dB] is the Ricean K-factor defined in Table 7.5-6.


Assign positive or negative sign to the angles by multiplying with a random variable Xn with uniform distribution to the discrete set of {1,–1}, and add component  to introduce random variation

,	(7.155.14)


where  if the UT is located indoors and if the UT is located outdoors. The LOS direction is defined in the network layout description, see Step1c.
In the LOS case, substitute (7.155.14) by (7.165.15) to enforce the first cluster to the LOS direction θLOS,ZOA 

.                            (7.165.15)
Finally add offset angles m from Table 7.5-3 to the cluster angles

,	(7.175.16)




where cZSA is the cluster-wise rms spread of ZOA (cluster ZSA) in Table 7.5-6. Assuming that is wrapped within [0,3600], if , thenis set to .
The generation of ZOD follows the same procedure as ZOA described above except equation (7.155.14) is replaced by equation (7.187.5.17) 

,	(7.185.17)


where variable Xn is with uniform distribution to the discrete set of {1,–1}, , is given in Tables 7.5-6/7/8 and equation (7.175.16) is replaced by equation (7.195.18) 

	(7.195.18)

where is the mean of the ZSD log-normal distribution. 
In the LOS case, the generation of ZOD follows the same procedure as ZOA described above using equation (7.165.15).

Step 8: Coupling of rays within a cluster for both azimuth and elevation



Couple randomly AOD angles n,m,AOD to AOA angles n,m,AOA within a cluster n, or within a sub-cluster in the case of two strongest clusters (see Step 11 and Table 7.5-3). Couple randomly ZOD angles  with ZOA angles using the same procedure. Couple randomly AOD angles n,m,AOD with ZOD angles within a cluster n or within a sub-cluster in the case of two strongest clusters.

Step 9: Generate the cross polarization power ratios
Generate the cross polarization power ratios (XPR) for each ray m of each cluster n. XPR is log-Normal distributed. Draw XPR values as

,	(7.205.19)



where   is Gaussian distributed with and  from Table 7.5-6 

The outcome of Steps 1-9 shall be identical for all the links from co-sited sectors to a UT. 

Coefficient generation:
Step 10: Draw initial random phases

Draw random initial phase  for each ray m of each cluster n and for four different polarisation combinations (θθ, θϕ, ϕθ, ϕϕ). The distribution for initial phases is uniform within (-).

In the LOS case, draw also a random initial phase  for both θθ and ϕϕ polarisations.

Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.
The method described below is used at least for drop-based evaluations irrespective of UE speeds. Relevant cases for drop-based evaluations are:
· Case 1: For low complexity evaluations
· Case 2: To compare with earlier simulation results, 
· Case 3: When none of the additional modeling components are turned on.
· Case 4: When spatial consistency and/or blockage is modeled for MU-MIMO simulations
· Other cases are not precluded
For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:

(7.215.20)







where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors,  and  respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors,  and  respectively. where Frx,u,θ and Frx,u,ϕ are the field patterns of receive antenna element u according to (7.1.10) and thus include corrections with respect to antenna orientations and the spherical basis vectors,  and  defined in (7.1.11) and (7.1.12), respectively. Ftx,s,θ and Ftx,s,ϕ are the field patterns of transmit antenna element s defined similarly as for the receive antenna elements.  is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 

,	(7.225.21)

where n denotes a cluster and m denotes a ray within cluster n.  is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by

,	(7.235.22)



where n denotes a cluster and m denotes a ray within cluster n. Also, is the location vector of receive antenna element u and is the location vector of transmit antenna element s, n,m 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  and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 

,                 (7.245.23)
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. The delays of the sub-clusters are

	(7.255.24)

where   is cluster delay spread specified in Table 7.5-6. When intra-cluster delay spread is unspecified (i.e., N/A) the value 3.91 ns is used; it is noted that this value results in the legacy behaviour with 5 and 10 ns sub-cluster delays
Twenty rays of a cluster are mapped to sub-clusters as presented in Table 7.3-5 below. The corresponding offset angles are taken from Table 7.5-3 with mapping of Table 7.5-5.
Table 7.5-5: Sub-cluster information for intra cluster delay spread clusters
	sub-cluster #


	mapping to rays


	Power


	delay offset



	

	

	10/20
	0 

	

	

	6/20
	
 1.28 

	

	

	4/20
	
 2.56 


Then, the channel impulse response is given by:

      (7.5.25)


whereis given in (7.5.20) and  defined as:

.(7.5.26)
In the LOS case, determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficients generated by (7.5.2521). The channel coefficients are given by:


   (7.265.27)
where (.) is the Dirac’s delta function and KR is the Ricean K-factor defined in Table 7.5-1 converted to linear scale.
Then, the channel impulse response is given by:


.	(7.5.28)
Step 12: Apply pathloss and shadowing for the channel coefficients.
3GPP
Table 7.5-6 Part-1: Channel model parameters for UMi-Street Canyon and UMa (for fc > 6 GHz)
	Scenarios
	UMi – Street Canyon
	UMa

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.24 log10(1+ fc) - 7.14
	-0.24 log10(1+ fc) – 6.83
	-6.62
	-6.955 - 0.0963 log10(fc)
	-6.28 - 0.204 log10(fc)
	-6.63

	
	lgDS
	0.38
	0.16 log10(1+ fc) + 0.28
	0.32
	0.66
	0.39
	0.32

	AoD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-0.05 log10(1+ fc) + 1.21
	-0.23 log10(1+ fc)  + 1.53
	1.25
	1.06 + 0.1114 log10(fc)
	1.5 - 0.1144 log10(fc)
	1.25

	
	lgASD
	0.41
	0.11 log10(1+ fc)  + 0.33
	0.42
	0.28
	0.28
	0.42

	AoA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.08 log10(1+ fc) + 1.73
	-0.08 log10(1+ fc)  + 1.81
	1.76
	1.81
	2.08 - 0.27 log10(fc)
	1.76

	
	lgASA
	0.014 log10(1+ fc) + 0.28
	0.05 log10(1+ fc)  + 0.3
	0.16
	0.20
	0.11
	0.16

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc)  + 0.92
	1.01
	0.95
	-0.3236 log10(fc) + 1.512
	1.01

	
	lgZSA
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc)  + 0.41
	0.43
	0.16
	0.16
	0.43

	Shadow fading (SF) [dB]
	SF
	See table 7.4.1-1
	See table 7.4.1-1
	7
	See table 7.4.1-1
	See table 7.4.1-1
	7

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

	
	K
	5
	N/A
	N/A
	3.5
	N/A
	N/A

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

	
	ASA vs DS
	0.8 
	0.4 
	0
	0.8
	0.6
	0

	
	ASA vs SF
	-0.4 
	-0.4 
	0.53
	-0.5
	0
	0.53

	
	ASD vs SF
	-0.5 
	0 
	0
	-0.5
	-0.6
	0

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

	
	ASD vs ASA
	0.4 
	0 
	0
	0
	0.4
	0

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

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

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

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

	Cross-Correlations 1)
	ZSD vs SF
	0 
	0 
	0
	0
	0
	0

	
	ZSA vs SF
	0 
	0 
	0.4
	-0.8
	-0.4
	0.4

	
	ZSD vs K
	0 
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSA vs K
	0 
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSD vs DS
	0 
	-0.5 
	0
	-0.2
	-0.5
	0

	
	ZSA vs DS
	0.2 
	0 
	-0.53
	0
	0
	-0.53

	
	ZSD vs ASD
	0.5 
	0.5 
	0
	0.5
	0.5
	0

	
	ZSA vs ASD
	0.3 
	0.5 
	0.42
	0
	-0.1
	0.42

	
	ZSD vs ASA
	0 
	0 
	0
	-0.3
	0
	0

	
	ZSA vs ASA
	0 
	0.2 
	0
	0.4
	0
	0

	
	ZSD vs ZSA
	0 
	0 
	0
	0
	0
	0

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter  r
	3
	2.1
	2.2
	2.5
	2.3
	2.2

	XPR [dB]
	XPR
	9
	8.0
	9
	8
	7
	9

	
	XPR
	3
	3
	5
	4
	3
	5

	Number of clusters
	12
	19
	12
	12
	20
	12

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	
Cluster DS ()
	5
	11
	11
	max(0.25, -3.4084 log10(
fc)+6.5622)
	max(0.25, -3.4084 log10(
fc )+6.5622)
	11

	
Cluster ASD ()
	3
	10
	5
	5
	2
	5

	
Cluster ASA ()
	17
	22
	20
	11
	15
	20

	
Cluster ZSA ()
	7
	7
	6
	7
	7
	6

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

	Correlation distance in the horizontal plane [m]
	DS
	7
	10
	10
	30
	40
	10

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

	
	
	15
	N/A
	N/A
	12
	N/A
	N/A

	
	ZSA
	-4.95 log10(1+fc)+12.65
	10
	25
	15
	50
	25

	
	ZSD
	-3.76 log10(1+fc)+11.92
	10
	25
	15
	50
	25

	fc is carrier frequency in GHz; d2D is MS-BS distance in km.
NOTE 1:	DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.
NOTE 2:	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.
NOTE 3:	All large scale parameters are assumed to have no correlation between different floors.
NOTE 4:	The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.



Table 7.5-6 Part-2: Channel model parameters for RMa (up to 7GHz) and Indoor-Office (fc > 6 GHz)
	Scenarios
	RMa 
	Indoor-Office

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

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.49
	-7.43
	-7.49
	-7.43
	-0.01 log10(1+fc)-7.79
	-0.28 log10(1+fc)-7.29

	
	lgDS
	0.55
	0.48
	0.55
	0.48
	-0.16 log10(1+fc)+0.50
	0.10 log10(1+fc)+0.11

	AoD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	0.90
	0.95
	0.90
	0.95
	1.60
	1.49

	
	lgASD
	0.38
	0.45
	0.38
	0.45
	0.18
	0.17

	AoA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	1.52
	1.52
	1.52
	1.52
	-0.19 log10(1+fc)+1.86
	-0.11 log10(1+fc)+1.80

	
	lgASA
	0.24
	0.13
	0.24
	0.13
	0.12 log10(1+fc)
	0.12*log10(1+fc)

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	0.60
	0.88
	0.60
	0.88
	-0.26 log10(1+fc)+1.21
	-0.15 log10(1+fc)+1.04

	
	lgZSA
	0.16
	0.16
	0.16
	0.16
	 -0.04 log10(1+fc)+0.17
	-0.09 log10(1+fc)+0.24

	Shadow fading (SF) [dB]
	SF
	4
	8
	4
	8
	See table 7.4.1-1. 

	K-factor (K) [dB]
	K
	7
	N/A
	7
	N/A
	0.84 log10(1+fc)+2.12
	N/A

	
	K
	4
	N/A
	4
	N/A
	-0.58 log10(1+fc)+6.19
	N/A

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

	
	ASA vs DS
	0
	0
	0
	0
	0.8
	0

	
	ASA vs SF
	0
	0
	0
	0
	–0.5
	–0.4

	
	ASD vs SF
	0
	0.6
	0
	0.6
	–0.4
	0

	
	DS   vs SF
	-0.5
	-0.5
	-0.5
	-0.5
	–0.8
	–0.5

	
	ASD vs ASA
	0
	0
	0
	0
	0.4
	0

	
	ASD vs 
	0
	N/A
	0
	N/A
	0
	N/A

	
	ASA vs 
	0
	N/A
	0
	N/A
	0
	N/A

	
	DS vs 
	0
	N/A
	0
	N/A
	-0.5
	N/A

	
	SF vs 
	0
	N/A
	0
	N/A
	0.5
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0
	0
	0
	0
	0.2
	0

	
	ZSA vs SF
	-0.8
	-0.4
	-0.8
	-0.4
	-0.1
	-0.1

	
	ZSD vs K
	0
	N/A
	0
	N/A
	0
	N/A

	
	ZSA vs K
	0
	N/A
	0
	N/A
	0.1
	N/A

	
	ZSD vs DS
	0
	-0.5
	0
	-0.5
	0.1
	-0.1

	
	ZSA vs DS
	0
	0
	0
	0
	0.2
	-0.1

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.2
	0.3

	
	ZSA vs ASD
	0
	-0.1
	0
	-0.1
	0.2
	0.2

	
	ZSD vs ASA
	0
	0
	0
	0
	0.1
	0.1

	
	ZSA vs ASA
	0
	0
	0
	0
	0.3
	0

	
	ZSD vs ZSA
	0
	0
	0
	0
	0.2
	0.4

	Delay distribution
	Exp

	AoD and AoA distribution
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r
	3.8
	1.7
	3.8
	1.7
	2.15
	1.84

	XPR [dB]
	XPR
	12
	7
	12
	7
	15
	12

	
	XPR
	4
	3
	4
	3
	3
	7

	Number of clusters
	11
	10
	11
	10
	8
	10

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	
Cluster DS ()
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
Cluster ASD ()
	2
	2
	2
	2
	7
	3

	
Cluster ASA ()
	3
	3
	3
	3
	

	


	
Cluster ZSA ()
	3
	3
	3
	3
	

	


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

	Correlation distance in the horizontal plane [m]
	DS
	50
	36
	50
	36
	8
	5

	
	ASD
	25
	30
	25
	30
	7
	3

	
	ASA
	35
	40
	35
	40
	5
	3

	
	SF
	37
	120
	37
	120
	10
	6

	
	
	40
	N/A
	40
	N/A
	4
	N/A

	
	ZSA
	15
	50
	15
	50
	3
	3

	
	ZSD
	15
	50
	15
	50
	3
	3

	fc is carrier frequency in GHz; d2D is MS-BS distance in km.
NOTE 1:	DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.
NOTE 2:	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.
NOTE 3: 	The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.



Table 7.5-7: ZSD and ZoD offset parameters for UMa
	Scenarios
	LOS/
LOS O-to-I
	NLOS/
NLOS O-to-I

	ZoD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]

	
	lgZSD
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	e(f)-10^{a(fc) log10(max(b(fc), d2D))+c(fc)}

	Note: 	For NLOS ZOD offset: a(fc) = 208log102.08log10(fc)-7827.82; b(fc) = 0.025; c(fc) = -0.13log10(fc)+2.03; e(fc) = 7.66log10(fc)-5.96. 




Table 7.5-8: ZSD and ZoD offset parameters for UMi – Street Canyon
	Scenarios
	LOS/
LOS O-to-I
	NLOS/
NLOS O-to-I

	ZoD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	max[-0.21, -14.8(d2D/1000) + 0.01|hUT-hBS| + 0.83]
	max[-0.5, -3.1(d2D/1000) + 0.01 max(hUT-hBS,0) +0.2]

	
	lgZSD
	0.35
	0.35

	ZoD offset
	µoffset,ZOD
	0
	-10^{-1.5log10(max(10, d2D))+3.3}



Table 7.5-9: ZSD and ZoD offset parameters for RMa 
	Scenarios
	LOS/
LOS O-to-I
	NLOS/
NLOS O-to-I

	ZoD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	0.3
	0.3

	
	lgZSD
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	arctan((35-5)/ d2D )- arctan((35-1.5)/ d2D )



Table 7.5-10: ZSD and ZoD offset parameters for Indoor-Office
	Scenarios
	LOS
	NLOS

	ZoD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-1.43 log10(1+ fc)+2.25
	1.37

	
	lgZSD
	0.13 log10(1+fc)+0.15
	0.38

	ZoD offset
	µoffset,ZOD
	0
	0



Notes for Table 7.5-7, 7.5-8, 7.5-9, 7.5-10:
NOTE 1:	fc is carrier frequency in GHz; d2D is MS-BS distance in m.
NOTE 2:	hBS and hUT are antenna height in m for BS and UT respectively.
NOTE 3:	The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X.
< Unchanged parts are omitted >
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