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4
Introduction
At 3GPP TSG RAN #69 meeting the Study Item Description on “Study on channel model for frequency spectrum above 6 GHz” was approved [2]. This study item covers the identification of the status/expectation of existing information on high frequencies (e.g. spectrum allocation, scenarios of interest, measurements, etc), and the channel model(s) for frequencies above 6 GHz up to 100 GHz. This technical report documents the channel model(s). The new channel model has to a large degree been aligned with earlier channel models for <6 GHz such as the 3D SCM model (3GPP TR 36.873) or IMT-Advanced (ITU-R M.2135). The new model supports comparisons across frequency bands over the range 0.5-100 GHz. 
The channel model is applicable for link and system level simulations in the following conditions:
-
For system level simulations, supported scenarios are urban microcell street canyon, urban macrocell, indoor office, and rural macrocell.

-
Bandwidth is supported up to 10% of the center frequency but no larger than 2GHz.

-
Mobility of one end of the link is supported

-
For the stochastic model, spatial consistency is supported by correlation of LSPs and SSPs as well as LOS/NLOS state.

-
Large array support is based on far field assumption and stationary channel over the size of the array.

--- unchanged parts are omitted ---
7
Channel model(s) for 0.5-100 GHz

--- unchanged parts are omitted ---
7.4
Pathloss, LOS probability and penetration modelling

7.4.1
Pathloss
The pathloss models are summarized in Table 7.4.1-1 and the distance definitions are indicated in Figure 7.4.1-1 and Figure 7.4.1-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 7.4.1-1.
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	Figure7.4.1-1: Definition of d2D and d3D 
for outdoor UTs
	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 
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(7.4-1)
Table 7.4.1-1: Pathloss models

	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	RMa
	LOS
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h = avg. building height

W = avg. street width

The applicability ranges: 
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	UMa
	LOS
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Explanations: see note 3
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	UMi - Street Canyon
	LOS
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Explanations: see note 4
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	InH - Office
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	InH - Shopping mall
	LOS
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	Note 1:
Breakpoint 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.  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 hE is the effective environment height. . For UMi hE = 1.0m. For UMa 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. With C(d2D, hUT) given by



[image: image64.wmf](

)

(

)

ï

î

ï

í

ì

£

£

÷

ø

ö

ç

è

æ

-

<

=

m

23

m

13

,

10

13

m

13

,

0

,

UT

2D

5

.

1

UT

UT

UT

2D

h

d

g

h

h

h

d

C

,


where



[image: image65.wmf](

)

ï

î

ï

í

ì

<

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

£

=

2D

2D

3

2D

2D

2D

m

18

,

150

exp

100

4

5

m

18

,

0

d

d

d

d

d

g

.
Note 2:
The applicable frequency range of the PL formula in this table is 0.5 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.

Note 3:
UMa NLOS pathloss is from TR36.873 with simplified format and and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


--- unchanged parts are omitted ---
7.4.3
O2I penetration loss
The pathloss incorporating O2I building penetration loss is modelled as in the following:
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(7.4-2)
where 
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 is the basic outdoor path loss given in Section 7.4.1. 
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 is the building penetration loss through the external wall, 
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  is the inside loss dependent on the depth into the building, and σP  is the standard deviation for the penetration loss. 
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(7.4-3)

[image: image72.wmf]npi

PL

  is an additional loss is added to the external wall loss to account for non-perpendicular incidence; 
[image: image73.wmf]f

b

a

L

i

material

i

material

i

material

×

+

=

_

_

_

, is the penetration loss of material i, example values of which can be found in Table 7.4.3-1. pi is proportion of i-th materials, where 
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Table 7.4.3-1: Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
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	IRR glass
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	Concrete
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	Wood
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	Note: 
f is in GHz


Table 7.4.3-2 gives 
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  and σP  for two O2I penetration loss models. The O2I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 7.4.3-2: O2I penetration loss model

	 
	Path loss through external wall: 
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 [dB]
	Indoor loss: 
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 [dB]
	Standard deviation: σP  [dB]

	Low-loss model
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	0.5d2D-in
	4.4

	High-loss model
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	6.5


d2D-in is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi-Street Canyon, and between 0 and 10 m for RMa. d2D-in shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon. 
Only the low-loss model is applicable to RMa. 
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world
. 
The pathloss incorporating O2I car penetration loss is modelled as in the following:
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(7.4-4)
where 
[image: image86.wmf]b
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 is the basic outdoor path loss given in Section 7.4.1. μ = 9, and σP = 5. The car penetration loss shall be UT-specifically generated. Optionally, for metallized car windows, μ = 20 can be used. The O2I car penetration loss models are applicable for at least 0.6-60 GHz. 
For backwards compatibility with TR 36.873 [3], the following building penetration model should be used for UMa and UMi single-frequency simulations at frequencies below 6 GHz. 

Table 7.4.3-3. Building penetration loss model for single-frequency simulations <6 GHz
	Parameter
	Value
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	20 dB
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	0.5d2D-in 

with d2D-in being a single, link-specific, uniformly distributed variable between 0 and 25 m

	σP
	0 dB

	σSF
	7 dB (note: replacing the respective value in Table 7.4.1-1)


--- unchanged parts are omitted ---
7.5
Fast fading model
--- unchanged parts are omitted ---
Table 7.5-6 Part-1: Channel model parameters for UMi-Street Canyon and UMa 
	Scenarios
	UMi – Street Canyon
	UMa

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I

	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)
	-6.62

	
	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 
	0.4
	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 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 
[image: image89.wmf]N


	12
	19
	12
	12
	20
	12

	Number of rays per cluster 
[image: image90.wmf]M


	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image91.wmf]DS

c

) in [ns]
	5
	11
	11
	max(0.25, -3.4084 log10 (

fc)+6.5622)
	max(0.25, -3.4084 log10 (

fc )+6.5622)
	11

	Cluster ASD (
[image: image92.wmf]ASD

c

) in [deg]
	3
	10
	5
	5
	2
	5

	Cluster ASA (
[image: image93.wmf]ASA

c

) in [deg]
	17
	22
	8
	11
	15
	8

	Cluster ZSA (
[image: image94.wmf]ZSA

c

) in [deg]
	7
	7
	3
	7
	7
	3

	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
	12
	10
	25
	15
	50
	25

	
	ZSD
	12
	10
	25
	15
	50
	25

	fc is carrier frequency in GHz; d2D is BS-UT 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. 

NOTE 5: 
For all considered scenarios the AoD/AoA distributions are modelled by a wrapped Gaussian distribution, the ZoD/ZoA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.
NOTE 6: 
For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 
NOTE 7: 
For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values 


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

	
	LOS
	NLOS
	LOS O2I
	NLOS 

O2I
	LOS
	NLOS

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-7.49
	-7.43
	-7.49
	-7.43
	-0.01 log10 (1+fc)-7.692
	-0.28 log10 (1+fc)-7.173

	
	lgDS
	0.55
	0.48
	0.55
	0.48
	0.18
	0.10 log10 (1+fc)+0.055

	AoD spread (ASD)

lgASD=log10(ASD/1()
	lgASD
	0.90
	0.95
	0.90
	0.95
	1.60
	1.62

	
	lgASD
	0.38
	0.45
	0.38
	0.45
	0.18
	0.25

	AoA spread (ASA)

lgASA=log10(ASA/1()
	lgASA
	1.52
	1.52
	1.52
	1.52
	-0.19 log10 (1+fc)+1.781
	-0.11 log10 (1+fc)+1.863

	
	lgASA
	0.24
	0.13
	0.24
	0.13
	0.12 log10 (1+fc)+0.119
	0.12 log10 (1+fc)+0.059

	ZoA spread (ZSA)

lgZSA=log10(ZSA/1()
	lgZSA
	0.60
	0.88
	0.60
	0.88
	-0.26 log10 (1+fc)+1.44
	-0.15 log10 (1+fc)+1.387

	
	lgZSA
	0.16
	0.16
	0.16
	0.16
	 -0.04 log10 (1+fc)+0.264
	-0.09 log10 (1+fc)+0.746

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

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

	
	K
	4
	N/A
	4
	N/A
	4
	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
	0.3
	0

	
	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
	-0.27

	
	ZSA vs DS
	0
	0
	0
	0
	0.2
	-0.06

	
	ZSD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.35

	
	ZSA vs ASD
	0
	-0.1
	0
	-0.1
	0
	0.23

	
	ZSD vs ASA
	0
	0
	0
	0
	0
	-0.08

	
	ZSA vs ASA
	0
	0
	0
	0
	0.5
	0.43

	
	ZSD vs ZSA
	0
	0
	0
	0
	0
	0.42

	Delay scaling parameter  r(
	3.8
	1.7
	3.8
	1.7
	3.6
	3

	XPR [dB]
	XPR
	12
	7
	12
	7
	11
	10

	
	XPR
	4
	3
	4
	3
	4
	4

	Number of clusters
	11
	10
	11
	10
	15
	19

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	Cluster DS (
[image: image95.wmf]DS

c

) in [ns]
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Cluster ASD (
[image: image96.wmf]ASD

c

) in [deg]
	2
	2
	2
	2
	5
	5

	Cluster ASA (
[image: image97.wmf]ASA

c

) in [deg]
	3
	3
	3
	3
	
8
	
11

	Cluster ZSA (
[image: image100.wmf]ZSA

c

) in [deg]
	3
	3
	3
	3
	
9
	
9

	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
	4
	4

	
	ZSD
	15
	50
	15
	50
	4
	4

	fc is carrier frequency in GHz; d2D is BS-UT 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. 

NOTE 4: 
For RMa LOS O2I and RMa NLOS O2I, the same shadow fading is used as for RMa LOS and RMa NLOS, respectively. 

NOTE 5: 
For all considered scenarios the AoD/AoA distributions are modelled by a wrapped Gaussian distribution, the ZoD/ZoA distributions are modelled by a Laplacian distribution and the delay distribution is modelled by an exponential distribution.
NOTE 6: 
For InH and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values 


Table 7.5-7: ZSD and ZoD offset parameters for UMa

	Scenarios
	LOS/

LOS O2I
	NLOS/

NLOS O2I

	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(fc)-10^{a(fc) log10(max(b(fc), d2D))+c(fc) -0.07(hUT-1.5)}

	Note: 
For NLOS ZOD offset: 
a(fc) = 0.208log10(fc)- 0.782; 
b(fc) = 25; 
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 O2I
	NLOS/

NLOS O2I

	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 O2I
	NLOS/

NLOS O2I

	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)+2.228
	1.08

	
	lgZSD
	0.13 log10(1+fc)+0.30
	0.36

	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 center frequency in GHz; d2D is BS-UT distance in m.

NOTE 2:
hBS and hUT are antenna heights 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.
NOTE 4: 
For frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent ZSD and ZoD offset parameters in Table 7.5-7 and 7.5-10
--- unchanged parts are omitted ---
8
Map-based hybrid channel model (Alternative channel model methodology)

Map-based hybrid model is composed of a deterministic component following, e.g., METIS work [6] and a stochastic component following mainly the model described in section 7. The channel model methodology described in this section is an alternative to the methodology specified in section 7, and can be used if: 

-
The system performance is desired to be evaluated or predicted with the use of digital map to take into account the impacts from environmental structures and materials.

The map-based hybrid model defined in this section is not calibrated and can be used per company basis. 

--- unchanged parts are omitted ---
� One example survey for the US market can be found in [5]. The survey does not necessarily be representative for all the scenarios. Other ratios outside of the survey should not be precluded.  
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