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6
Scenarios for UE specific elevation beamforming and FD-MIMO

Editor's note: Intended to identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

Scenario 3D-UMi: Urban Micro cell with high (outdoor/indoor) UE density

-
Base Station (BS) is below surrounding buildings.

Scenario 3D-UMa: Urban Macro cell with high (outdoor/indoor) UE density

-
BS is above surrounding buildings.

Scenario 3D-UMa-H: Urban Macro cell with one high-rise per sector and 300m ISD
-
Density of high rise buildings is one per sector.
Scenario 3D-InH: Indoor Hotspot cell with high (indoor) UE density

-
Base Station (BS) is mounted below the ceiling. The indoor test environment focuses on small cells and high user throughput inside of buildings.The key characteristics of this test environment are high user throughput and indoor coverage.
Table 6-1: 3D-UMi and 3D-UMa Scenario Descriptions
	
	
	Urban Micro cell 

with high UE density

 (3D-UMi)
	Urban Macro cell

 with high UE density

 (3D-UMa)
	Urban Macro cell with 

one high-rise per sector and 300m ISD

(3D-UMa-H)

	Clause-1
	

	Layout
	
	Hexagonal grid, 19 micro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site
	Hexagonal grid, 19 macro sites,3 sectors per site

	UE mobility (movement in horizontal plane)
	
	3km/h
	3km/h
	3kmph

	BS antenna height
	
	10m
	25m
	25m

	Total BS Tx Power
	
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	
	2 GHz
	2 GHz
	2 GHz

	Min. UE-eNB 2D distance (note 1)
	
	10m [other values FFS]
	35m
	35m

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5
	hUT=3(nfl – 1) + 1.5
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1
	1
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)
	nfl ~ uniform(1,Nfl) where

Nfl ~ uniform(4,8)
	nfl ~ uniform(1,Nfl)3) 

	Indoor UE fraction
	
	80%
	80%
	80%

	Clause-2 (note 2)
	

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell
	uniform in cell
	uniform in cell excluding high-rise building

	
	Indoor UEs
	uniform in cell
	uniform in cell
	50% of indoor UEs within 25m radius of the 

high-rise building center, rest are outside the 25m radius.

	ISD
	
	200m
	500m (FFS: 200m)
	300m

	NOTE 1:
Refers to d2D for outdoor UEs and d2D-out for indoor UEs as defined in Figure 3 and Figure 4 respectively.

NOTE 2:
Assumptions in Clause-2 are for calibration purposes only in this SI. 
Assumptions in Clause-2 are to be revisited for evaluating relative performance 
of proposed solutions in future SIs

NOTE 3: 
50% of indoor UEs in a macro cell area are assumed to be inside a high-rise building and are associated with the same value of Nfl. The height of a high-rise given by Nfl ~ uniform(20,30). 50% of indoor UEs in a macro cell area are assumed to be outside the high-rise building and the associated Nfl for each UE ~ uniform(4,8).

NOTE 4: 
The channel modeling of 3D-UMa-H was discussed in RAN1#74, RAN1#74b, RAN1#75, RAN1#76. Example of modeling discussions can be found in [11-15] and references within.




Table 6-2: 3D-InH Scenario Description

	Layout
	Indoor floor plan given below

	UE mobility (movement in horizontal plane)
	3km/h

	BS antenna height
	3/6 m

	Total BS Tx Power
	 24dBm

	Carrier frequency
	2, 4 GHz

	Min. UE-eNB 2D distance
	[3]m 

	UE height (hUT) in meters
	hUT=1.5

	UE distribution (in x-y plane)
	Randomly and uniformly distributed over floorplan area

	ISD
	2-site: 60m
3-site: 40m

6-site Case A: 20m 

6-site Case B: 40m in horizontal, 20m in vertical


The layouts of indoor hotspot are listed as below:
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Figure 6-1: Indoor hotspot 2-site and 3-site deployment.
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Case A                                                                                   Case B

Figure 6-2: Indoor hotspot 6-site deployment.
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Figure 6-3: Indoor hotspot 12-site deployment.
Other typical usage scenaros of UE-specific elevation beamforming and FD- MIMO are noted below:

Heterogeneous Networks 

-
Channel models developed for Urban Micro cell with high UE density and Urban Macro cell with high UE density scenarios shall support heterogeneous deployment scenarios.

-
It is assumed that for heterogeneous deployment scenarios the macro BS height is at 25m and the lower-power node is at 10m height.

-
The carrier frequency(s) for a macro can be 2 or 3.5 GHz or both if multiple carriers are used. 
The carrier frequency(s) for a low power node can be 2 or 3.5 GHz or both if multiple carriers are used. 

-
The transmission power of a low power node can be 30/33 dBm for 10/20 MHz.

Urban micro/macro homogeneous networks with high UE density (similar to 3D-UMi/3D-UMa) using higher than 2 GHz carrier frequency 

-
The carrier frequency can be 3.5 GHz.
< Unchanged parts are omitted >
7.2
Pathloss modelling

The pathloss models can be applied in the frequency range of 2 – 6 GHz and for different antenna heights. The pathloss models are summarized in Table 7.2-1 and the distance definitions are indicated in Figure 7.2-1 and Figure 7.2-2. 
Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in table 7.2-1.
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Figure7.2-1: Definition of d2D and d3D 
for outdoor UEs




Figure 7.2-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 
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Table 7.2-1: Pathloss models

	Scenario
	Pathloss [dB], fc is in GHz and distance is in meters
	Shadow 

fading 

std [dB]7)
	Applicability range, 

antenna height 

default values 

	3D-UMi LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF=3

 σSF =3
	10m < d2D < d'BP1)
d'BP < d2D < 5000m1)
hBS = 10m1), 1.5m ≦ hUT≦ 22.5m1) 

	3D-UMi NLOS
	For hexagonal cell layout:

PL = max(PL3D-UMi-NLOS, PL3D-UMi-LOS),

PL3D-UMi-NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5)
	σSF =4
	10 m < d2D < 2000m2)
hBS = 10m

1.5m ≦ hUT≦ 22.5m

	3D-UMi O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMi (d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 10m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 3)

	3D-UMa LOS
	PL = 22.0log10(d3D) + 28.0 + 20log10(fc)

PL = 40log10(d3D)+28.0+20log10(fc) –9log10((d'BP)2+(hBS - hUT)2)
	σSF =4

σSF =4
	10m < d2D < d'BP4)
d'BP < d2D < 5000m4)
hBS = 25m4), 1.5m ≦ hUT ≦ 22.5m4) 

	3D-UMa O-to-I
	PL = PLb + PLtw + PLin
For hexagonal cell layout:

PLb = PL3D-UMa(d3D-out + d3D-in)

PLtw = 20

PLin = 0.5d2D-in
	σSF =7
	10m < d2D-out + d2D-in < 1000m

0m < d2D-in < 25m

hBS = 25m, hUT=3(nfl – 1) + 1.5, nfl = 1, 2, 3, 4, 5, 6, 7, 8.

Explanations: see 5)

	3D-UMa NLOS
	PL = max(PL3D-UMa-NLOS, PL3D-UMa-LOS),

PL3D-UMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (17.625)) 2 - 4.97) – 0.6(hUT - 1.5)
	σSF =6
	10 m < d2D < 5 000 m
h = avg. building height, W = street width
hBS = 25 m, 1.5m ≦ hUT≦ 22.5m, W = 20m, h = 20 m

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1.5 m ≦ hUT ≦ 22.5 m

Explanations: see 6)

	3D-InH LOS
	PL = 16.9 log10(d3D) + 32.8 + 20 log10(fc)
	( SF = 3
	3 m < d2D < 100 m

hBS = 3-6 m

hUT = 1-2.5 m

	3D-InH NLOS
	PL = 43.3 log10(d3D) + 11.5 + 20 log10(fc)
	( SF = 4
	10 m < d2D < 150 m

hBS = 3-6 m

hUT = 1-2.5 m

	NOTE 1:
Break point distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In 3D-UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT  are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m.

NOTE 2:
PL3D-UMi-LOS = Pathloss of 3D-UMi LOS outdoor scenario. 

NOTE 3:
PLb = basic path-loss, PL 3D-UMi = Loss of 3D-UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside, d2D-in is assumed uniformly distributed between 0 and 25 m. 

NOTE 4:
Break point distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In 3D-UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. The function C(d2D, hUT) is defined in  Table 7.2-2.
NOTE 5:
PLb = basic path-loss, PL 3D-UMa = Loss of 3D-UMa outdoor scenario, PLtw = Loss through wall, PLin = Loss inside, d2D-in is assumed uniformly distributed between 0 and 25 m.

NOTE 6:
PL3D-UMa-LOS = Pathloss of 3D-UMa LOS outdoor scenario.

NOTE 7:
The shadow fading values are reused from [4] for simplicity. 



The Line-Of-Sight (LOS) probabilities are given in:

Table 7.2-2: LOS probabilities

	Scenario
	LOS probability (distance is in meters)

	3D-UMi
	Outdoor users:

PLOS = min(18/d2D,1)(1-exp(-d2D/36))+exp(-d2D/36)

Indoor users:

Use d2D-out in the formula above instead of d2D



	3D-UMa
	Outdoor users:

PLOS = (min(18/d2D,1)(1-exp(-d2D/63))+exp(-d2D/63)) (1+C(d2D, hUT))

where
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Indoor users:

Use d2D-out in the formula above instead of d2D

	3D-InH
	For 2 sites, 3 sites, and  6 sites Case A
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For 6 sites Case B and 12 sites
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7.2.1
Autocorrelation of shadow fading

The long-term (log-normal) fading in the logarithmic scale around the mean path loss PL (dB) is characterized by a Gaussian distribution with zero mean and standard deviation. Due to the slow fading process versus distance x 
(x is in the horizontal plane), adjacent fading values are correlated. Its normalized autocorrelation function R(x) can be described with sufficient accuracy by the exponential function ITU-R Rec. P.1816 [5]
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(7.2-1)

with the correlation length dcor being dependent on the environment, see the correlation parameters for shadowing and other large scale parameters in Table 7.3-6 and 7.3-6a (Channel model parameters).

7.3
Fast fading model

< Unchanged parts are omitted>
General parameters:

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

a)
Choose one of the scenarios (3D-UMa, 3D-UMi, 3D-InH). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors 
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 as shown in Figure 7.3-2.

b)
Give number of BS and UT

c)
Give 3D locations of BS and UT, and 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)
Give system centre frequency

< Unchanged parts are omitted>
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, except for the indoor hotspot scenario (3D-InH) which is modelled by a wrapped Laplacian distribution. For the other scenarios the AOAs are determined by applying the inverse Gaussian function (7.3-9) with input parameters Pn and RMS angle spread ASA
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(7.3-9)

while the following inverse Laplacian function is used for the InH scenario
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(7.3-9a)
The constant C is a scaling factor related to the total number of clusters N and is given in Table 7.3-2:

Table 7.3-2: Scaling factors for AOA, AOD generation
	scenario
	3D-UMa, 3D-UMi
	3D-InH

	N
	4
	5
	8
	10
	11
	12
	14
	15
	16
	19
	20
	15
	19

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


In the LOS case, constant C is dependent also on the Ricean K-factor and needs to be 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 for 3D-UMa and 3D-UMi is given by
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while in case of 3D-InH it is given by
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where K [dB] is the Ricean K-factor defined in Table 7.3-6.

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 
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 to introduce random variation
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where ϕLOS,AOA is the LOS direction defined in the network layout description, see Step1c.

In the LOS case, substitute (7.3-11) by (7.3-12) to enforce the first cluster to the LOS direction ϕLOS, AOA 
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Finally add offset angles m from Table 7.3-3 to the cluster angles
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where cAoA is the cluster-wise rms azimuth spread of arrival angles (cluster ASA) in Table 7.3-6 and Table 7.3-6a.

Table 7.3-3: 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


The generation of AOD ((n,m,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. The ZOAs are determined by applying the inverse Laplacian function (7.3-14) with input parameters Pn and RMS angle spread σZSA
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In equation (7.3-14) the constant C is a scaling factor related to the total number of clusters and is given in Table 7.3-4:

Table 7.3-4: Scaling factors for ZOA, ZOD generation
	scenario
	3D-UMa, 3D-UMi

	N
	12
	19
	20

	C
	1.104
	1.184
	1.178


In the LOS case, constant C in (7.3-14) for 3D-UMa and 3D-UMi is substituted by CLOS given by:
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where K [dB] is the Ricean K-factor defined in Table 7.3-6.

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 
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where 
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if the UT is located outdoors. The LOS direction is defined in the network layout description, see Step1c.

In the LOS case, substitute (7.3-16) by (7.3-17) to enforce the first cluster to the LOS direction θLOS,ZOA 
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Finally add offset angles m from Table 7.3-3 to the cluster angles
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where cZOA is the cluster-wise rms spread of ZOA (cluster ZOA) in Table 7.3-6 and Table 7.3-6a. Assuming that 
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The generation of ZOD follows the same procedure as ZOA described above except equation (7.3-16) is replaced by 
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where variable Xn is with uniform distribution to the discrete set of {1,–1}, 
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is given in Tables 7.3-7, 7.3-8 and equation (7.3-18) is replaced by 
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where 
[image: image40.wmf]ZSD

m

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 (7.3-17).

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 7.3-3). Couple randomly ZOD angles 
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 with ZOA angles 
[image: image42.wmf]ZOA

m

n

,

,

q

using the same procedure. Couple randomly AOD angles (n,m,AOD with ZOD angles 
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within a cluster n or within a sub-cluster in the case of two strongest clusters.

Step 9: Generate XPRs

Generate the cross polarization power ratios (XPR) for each ray m of each cluster n. XPR is log-Normal distributed. Draw XPR values as
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where  X ~ N() is Gaussian distributed with and from Table 7.3-6 and 7.3-6a.
Coefficient generation:

Step 10: Draw initial random phases

Draw random initial phase 
[image: image45.wmf]{
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 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 
[image: image46.wmf]LOS

F

 for both θθ and ϕϕ polarisations.
Step 11: 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, the channel coefficients are given by:
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where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors, 
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 and 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors, 
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 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
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is the location vector of receive antenna element u and 
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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 
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 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 
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with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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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 7.3-2). 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 7.3-5 below. The corresponding offset angles are taken from Table 7.3-3 with mapping of Table 7.3-5.

Table 7.3-5: 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 coefficients generated by (7.3-22). 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 7.3-6 converted to linear scale.

Step 12: Apply pathloss and shadowing for the channel coefficients.

Table 7.3-6: Channel model parameters for 3D-UMi and 3D-UMa
	Scenarios
	3D-UMi
	3D-UMa

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

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

	
	(DS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

	AoD spread (σASD) log10([(])
	ASD
	1.20
	1.41
	1.25
	1.15
	1.41
	1.25

	
	(ASD
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42

	AoA spread (σASA) log10([(])
	ASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76

	
	(ASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

	ZoA spread (σZSA) log10([(])2)
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	(ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43

	Shadow fading (SF) [dB]
	SF
	3
	4
	7
	4
	6
	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
	0.4
	0.8
	0.6
	0.4

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

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

	
	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
	-0.8
	-0.4
	0

	
	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
	-0.6
	-0.2
	-0.5
	-0.6

	
	ZSA vs DS
	0.2
	0
	-0.2
	0
	0
	-0.2

	
	ZSD vs ASD
	0.5
	0.5
	-0.2
	0.5
	0.5
	-0.2

	
	ZSA vs ASD
	0.3
	0.5
	0
	0
	-0.1
	0

	
	ZSD vs ASA
	0
	0
	0
	-0.3
	0
	0

	
	ZSA vs ASA
	0
	0.2
	0.5
	0.4
	0
	0.5

	
	ZSD vs ZSA
	0
	0
	0.5
	0
	0
	0.5

	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
	3
	2.2
	2.5
	2.3
	2.2

	XPR [dB] 6)
	
	9
	8.0
	9
	8
	7
	9

	
	
	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 ASD
	3
	10
	5
	5
	2
	5

	Cluster ASA
	17
	22
	8
	11
	15
	8

	Cluser ZSA2)
	7
	7
	3
	7
	7
	3

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

	Correlation distance in the horizontal plane [m]3)
	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
	12
	10
	25
	15
	50
	25

	
	ZSD
	12
	10
	25
	15
	50
	25

	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 cross correlation values for ZSD, ZDA are based on WINNER+ and field measurements in sources WINNER+, R1-134221,R1-134222,R1-134795 , R1-131861 ,R1-132543, R1-132544, R1-133525 and adjustment is made to ensure positive definiteness.

NOTE 4:
ZSA and cluster ZSA values are reused from Winner+.

NOTE 5:
All large scale parameters are assumed to have no correlation between different floors. 
This is assumed for simplicity due to lack of measurement results although it may not represent the reality.

NOTE 6:   The value of XPR standard deviation for O-to-I 3D-UMi and O-to-I 3D-UMa is changed from 11 dB to 5 dB following the discussion in R1-150894.


Table 7.3-6a: Channel model parameters for 3D-InH
	Scenarios
	Indoor Hotspot

	
	LOS
	NLOS

	Delay Spread (DS)

log10([s])
	DS
	–7.70
	–7.41

	
	(DS
	0.18
	0.14

	AoD spread (ASD) log10([(])
	ASD
	1.60
	1.62

	
	(e
	0.18
	0.25

	AoA spread (ASA) log10([(])
	ASA
	1.62
	1.77

	
	(ASA
	0.22
	0.16

	ZoA spread (ZSA) log10([(])
	ZSA
	1.22
	1.26

	
	(ZSA
	0.23
	0.67

	Shadow fading (SF) [dB]
	SF
	See Table 7.2-1

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	4
	N/A

	Cross-Correlations 
	ASD vs DS
	0.6
	0.4

	
	ASA vs DS
	0.8
	0

	
	ASA vs SF
	–0.5
	–0.4

	
	ASD vs SF
	–0.4
	0

	
	DS vs SF
	–0.8
	–0.5

	
	ASD vs ASA
	0.4
	0

	
	ASD vs K
	0
	N/A

	
	ASA vs K
	0
	N/A

	
	DS vs K
	–0.5
	N/A

	
	SF vs K
	0.5
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0.2
	0

	
	ZSA vs SF
	0.3
	0

	
	ZSD vs K
	0
	N/A

	
	ZSA vs K
	0.1
	N/A

	
	ZSD vs DS
	0.1
	-0.27

	
	ZSA vs DS
	0.2
	-0.06

	
	ZSD vs ASD
	0.5
	0.35

	
	ZSA vs ASD
	0
	0.23

	
	ZSD vs ASA
	0
	-0.08

	
	ZSA vs ASA
	0.5
	0.43

	
	ZSD vs ZSA
	0
	0.42

	Delay distribution
	Exp

	AoD and AoA distribution
	Laplacian 

	ZoD and ZoA distribution
	Laplacian

	Delay scaling parameter  r(
	3.6
	3

	XPR [dB]
	
	11
	10

	
	
	3
	3

	Number of clusters
	15
	19

	Number of rays per cluster
	20
	20

	Cluster ASD (
[image: image64.wmf]ASD

c

) in [deg]
	5
	5

	Cluster ASA (
[image: image65.wmf]ASA

c

) in [deg]
	8
	11

	Cluster ZSA (
[image: image66.wmf]ZSA

c

) in [deg]
	9
	9

	Per cluster shadowing std  [dB]
	3
	3

	Correlation distance in the horizontal plane [m]
XPR [dB]
	DS
	8
	5

	
	ASD
	7
	3

	
	ASA
	5
	3

	
	SF
	10
	6

	
	K
	4
	N/A

	
	ZSA
	4
	4

	
	ZSD
	4
	4

	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.


Table 7.3-7: ZSD and ZoD offset parameters for 3D-UMa

	Scenarios
	3D-UMa

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread1) (σZSD) log10([(])
	µZSD
	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]
	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]

	
	(ZSD
	0.40
	0.49
	0.40
	0.49

	ZoD offset
	µoffset,ZOD
	0
	-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}
	0
	-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}

	NOTE:
The proposed average ESD is smaller than that of Winner+




Table 7.3-8: ZSD and ZoD offset parameters for 3D-UMi
	Scenarios
	3D-UMi

	
	LOS
	NLOS
	O-to-I

	
	
	
	
	LOS O-to-I
	NLOS O-to I

	ZoD spread1) (σZSD)log10([(])
	µZSD
	max[-0.5, -2.1(d2D/1000)+0.01|hUT - hBS|+0.75]
	max[-0.5, -2.1(d2D/1000) +0.01max(hUT - hBS,0) +0.9]
	max[-0.5, -2.1(d2D/1000)+0.01|hUT - hBS|+0.75]
	max[-0.5, -2.1(d2D/1000)+0.01max(hUT - hBS,0)+0.9]

	
	(ZSD
	0.4
	0.6
	0.4
	0.6

	ZoD offset2)
	µoffset,ZOD
	0
	-10^{-0.55log10(max(10, d2D))+1.6}
	0
	-10^{-0.55log10(max(10, d2D))+1.6}

	NOTE 1:
The proposed average ESD is smaller than that of Winner+

NOTE 2:
The height dependence of ZOD offset observed from the ray-tracing data in R1-135765, R1-135999 and R1-135588 is not showing a common and strong trend.




Table 7.3-9: ZSD and ZoD offset parameters for 3D-InH
	Scenarios
	3D-InH

	
	LOS
	NLOS

	ZoD spread (ZSD)log10([(])
	µZSD
	1.02
	1.08

	
	(ZSD
	0.41
	0.36

	ZoD offset
	µoffset,ZOD
	0
	0


< Unchanged parts are omitted >
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