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1. Introduction

Most of the propagtion models used in the past have the validty on frequency range upto 2 GHz, The validity of some of the propagation models, for example, Extended Hata in Seamcat has been extended to 3 GHz. The propagation models with frequency range validity above 3 GHz are not well described in the publications (CEPT reports, ITU-R reports). Some IEEE articles can be found, but each article usually deals with one or two specific models, a summary description of the propagtaion models covering 3.4-3.8 GHz frequency band is not available.

The working document towards a draft ECC report <Block Edge Masks suitable for MFCN including IMT for the 3.4 – 3.8 GHz band> under development by EC-PT1 contains a section (section 4) propagation models which is still empty. This input docment provides a list of propagation models and the analysis of the validity of several propagation models for 3.4-3.8 GHz band based on the comparisons between propagation models, as well the comprison of the propagation models with measurement data. Based on the analysis of the validity of the propagation models, appropriate propagation models are proposed for different environments and different types of cells (Macro, Micro, Femto) in the 3.4-3.8 GHz band BEM studies.
2.   3.4-3.8 GHz band propagation models
2.1. Description of propagation models
Several propagation models are found in the literatures for this frequency band 3400-3800 MHz in urban, suburban and rural macro-cells, some propagation models are for urban/suburban microcell, they are briefly described below:
1) Free Space model
This is a basic propagation model, which describes the theoretical minimum propagation path loss between transmitter and receiver antennas in free space, when direct line of sight (LOS) is assumed. This propagation model is valid for all frequencies above 30 MHz:
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where:

f- frequency [MHz],

d- distance between transmitter and receiver  [km].
2) Winner II models
Winner II (Wireless World Initiative New Radio phase II) is a propagation model for 2 - 6 GHz frequency band, which was created under European Union project. Winner Model describes channel models for link and systems level simulations of short range and wide area wireless  communication systems. 

The model covers different propagation scenarios for indoor and outdoor environments, below the urban, suburban and rural macro-cells models as well as urban micro-cell model are briefly described. Detail description of the Winner II models can be found in the reference document[1].

Urban macro-cell model (denoted as C2) is for LOS and NLOS situations. Base station is situated above surrounding building heights (over fourth floor). User terminal is located outdoor at the street level. Path loss is calculated as follows:

· LOS
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where:

d- distance between transmitter and receiver (10m<d<d’BP),

d’BP=4hb’hm’fc/c and  d’BP<d<5 km,

hb’- effective  base station antenna height (hb’=hb-1m),

hm’- effective user terminal antenna height (hm’=hm-1m),
fc-center frequency in Hz, 

c- velocity of light in free space c=3 x 108 m/s,

hb- actual base station antenna height (25 m),

hm- actual user terminal antenna height (1,5 m),
· NLOS
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where:

d- distance between transmitter and receiver (from 50 m to 5 km)

hb- base station antenna height (25 m)

hm- user terminal antenna height (1,5 m)
fc-center frequency in Hz, 

Suburban macro-cell model (denoted as C1) is for LOS and NLOS situations. Base stations are located well above rooftops to allow wide area coverage. Buildings are typically low residential detached houses with one or two floors, or blocks of flats with few floors.

· LOS
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where:

d- distance between transmitter and receiver (from 30 m to dBP)

hb- base station height (25 m),

hm- user terminal height (1,5 m),
dBP=4hbhmf/c, dBP<d<5 km,

fc-center frequency in Hz, 

· NLOS
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where:

d- distance between transmitter and receiver (from 50 m to 5 km)
hb- base station height (25 m),

hm- user terminal height (1,5 m),

fc-center frequency in Hz,
Rural macro-cell model (denoted as D1) is for LOS and NLOS situations. Propagation in large areas (radius up to 10 km) with low building density is considered. Base station antenna is typically in the range from 20 to 70 m, user terminal antenna velocity is in the range from 0 to 200 km/h. 

· LOS
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where:

d- distance between transmitter and receiver (from 30 m to dBP)

hb- base station height (32 m),

hm- user terminal height (1,5 m),
dBP=4hbhmfc/c,  dBP<d<10 km,

fc-center frequency in Hz, 

c- velocity of light in free space c=3 x 108 m/s

· NLOS
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where:

d- distance between transmitter and receiver (from 50 m to 5 km)
hb- base station height (32 m),

hm- user terminal height (1,5 m),

fc-center frequency in Hz,

Urban micro-cell scenario (denoted as B1) for LOS and NLOS situations. Both antennas are outdoor and well below the tops of surrounding buildings. Scenario assumes streets, which are laid out in Manhattan-like grid.

· LOS


[image: image9.wmf])

0

,

5

/

(

log

7

,

2

)

'

(

log

3

,

17

)

'

(

log

3

,

17

45

,

9

)

(

log

40

]

[

10

10

10

1

10

c

m

b

f

h

h

d

dB

PL

+

-

-

+

=


where:

d1- distance between transmitter and receiver (30 m<d<d’BP),

d’BP=4hb’hm’fc/c and  d’BP<d1<5 km,

hb’- effective  base station antenna height (hb’=hb-1m),

hm’- effective user terminal antenna height (hm’=hm-1m),
hb- actual base station antenna height (10 m),

hm- actual user terminal antenna height (1,5 m),
fc-center frequency in Hz, 

c- velocity of light in free space c=3 x 108 m/s,

· NLOS
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PLLOS- path loss of B1 LOS scenario and 
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where:

d1 - distance from the base station to the centre of the perpendicular street, 10 m<d1<5 km
d2 - distance of the user terminal along the perpendicular street, measured from the centre of the LOS street (d1,d2 are defined also in figure 1), w/2<d2< 2km, w=20m (street width).

When 0<d2<w/2 path loss for LOS situation is applied,
hb- base station height (10 m),

hm- user terminal height (1,5 m),

[image: image12.png]BS- Base Station
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Figure.1 Geometry for d1 and d2 in B1 path loss model
3) EPM-73 model
EPM-73 is an empirical model, which provides an estimate of mean basic transmission loss for frequency band from 40 MHz to 10 GHz. This model was used in ITU-R M.2119 Report (for 4,4-4,9 GHz and 5,925-6,7 GHz) and in ECC Report 172 (for 2,3-2,4 GHz). Simplified formula is given as:
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d- distance between transmitter and receiver  [km] (from 100 m to 1000 km),
LFS – free space loss [dB] 
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d1- breaking point [km], 
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d2 – breaking point [km], 
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f – frequency [MHz],

hb - base station antenna height [m] (from10 to 3000 m),
hm – user terminal antenna height [m] (from 1 to 300 m).
Detailed description of the model might be found in “An Empirical Propagation Model (EPM-73)”, IEEE Transactions on Electro Magnetic Compatibility, Vol.19.
4) ITU-R SM2028 model (Extended Hata Model)
ITU-R SM.2028 (extended Hata)- developed for mobile services working in non-LOS/ cluttered environment. Model is applicable for 30 - 3000 MHz frequency band. Extended Hata model defines path loss for urban, suburban and open environments. Basic formulas are as follows:

Table 1 Median path loss L in ITU-R SM. 2028 propagation model [2] 

[image: image18.emf] 

where:

d- distance [km] (from 100 m to 100 km), 

Hb-base station height [m] (from 10 to 200 m), 

Hm- user terminal height [m] (from 1 to 10 m),

f- frequency [MHz].

Detailed model description might be found in ITU-R SM.2028 report and the reference document[2].
5) ITU-R P.1546 model
ITU-R P.1546 model is valid for 30-3000 MHz frequency band. It was developed especially for broadcasting and other terrestrial services,  with high mounted transmitter antenna (e.g. above 50-60 m), but also for the land mobile systems. Model has formulas for urban, suburban and rural environments.  For each environment clutter height was defined:

	Environment
	clutter height [m]

	Urban
	20

	Suburban
	10

	Rural
	10


Detailed model description might be found in ITU-R P.1546 recommendation. 
6) ECC-33 model
ECC-33 is a model developed by European Communication Committee, which is applicable for 700-3000 MHz, frequency band, but International Telecommunication Union extended its applicability up to 3,5 GHz. Path loss is given by:
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where:

Afs- free space attenuation [dB],

Abm- median path loss given by: 
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d- distance between transmitter and receiver [m] (from 1 to 10 km),

f- frequency [MHz],

Gb- transmitter antenna height (from 20 to 100 m): 
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Gr- receiver antenna height (from 5 to 10m):
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hr- receiver antenna height.
7) SUI model
SUI (Stanford University Interim Model) is an empirical model which is recommended by IEEE 802.16 Broadband Wireless Access Group, which is responsible for standardization of WiMax systems. Model was created for 1900 to 3000 MHz, frequency band, but now it is widely used for frequency above 3,5 GHz.  SUI model divides terrain for three types:

A- hilly terrain with moderate to heavy tree density. 

B- Mostly flat terrain with moderate to heavy tree densities or hilly terrains with light tree densities.

C- flat terrain with light tree densities.

Path loss with correction factors is as follows:
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 for d>d0,

where:
A=20log10(4πd0/λ) [dB],

λ= wavelength [m],
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hb- base station height above ground [m] (should be between 10 and 80m)

a,b,c- are constants, which are dependent on terrain type (Tab.2):

Table. 2  SUI model parameters

	Model parameter
	Terrain A
	Terrain B
	Terrain C

	a
	4,6
	4
	3,6

	b
	0,0075
	0,0065
	0,005

	c
	12,6
	17,1
	20


d- distance between transmitter and receiver antennas [m] (from 100 m to 8 km),

d0= 100 m,

Χf – frequency correction factor 
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Χh-  user terminal antenna height correction factor:


[image: image27.wmf])

2000

/

(

log

8

,

10

10

r

h

h

-

=

C

for terrain A and B,


[image: image28.wmf])

2000

/

(

log

20

10

r

h

h

-

=

C

for terrain C.

f- frequency [MHz],

hr- user terminal antenna height above ground [m] (from 2 to 5m).

8) Ericsson(9999) Model
Ericsson(9999) model  was developed by Ericsson, as modification and extension of Hata- Okumura model. Originally model was created from 150 to 1500 MHz frequency band.

[image: image29.wmf](

)

)

(

)

75

,

11

(

log

2

,

3

)

(

log

)

(

log

)

(

log

)

(

log

]

[

2

10

10

10

3

10

2

10

1

0

f

g

h

d

h

a

h

a

d

a

a

dB

PL

m

b

b

+

-

×

×

+

×

+

×

+

=



[image: image30.wmf](

)

2

10

10

)

(

log

78

,

4

)

(

log

49

,

44

)

(

f

f

f

g

-

=


where:

a0,a1,a2,a3 - model parameters listed in table 3,
d- distance between transmitter and receiver [km] (from 1 to 20 km),

hb - base station antenna height [m] (from 30 to 200 m),
hm – user terminal antenna height [m] (from 1 to 10 m),
f- frequency [MHz].
Table.3 Model parameters
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	Urban
	36,2
	30,2
	-12,0
	0,1

	Suburban
	43,20
	68,93
	-12,0
	0,1

	Rural
	45,95
	100,6
	-12,0
	0,1


9) IEEE 802.11 C Model
IEEE 802.11 C Model was introduced to characterize user terminal to user terminal path loss (ECC Report 131).Definition of path loss is given as:
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Where:
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d- distance between transmitter and receiver [km],

hb - base station antenna height [m],
hm – user terminal antenna height [m],
f- frequency [MHz],
dBP- breaking point [km] (dBP=0,005 in this model).

10) Simplified Extended Sakagami Model
Simplified Extended Sakagami model  is based on Sakagami model,  which applicability  was extended from 800 to 8000 MHz frequency band and user terminal height was no longer fixed (1,5 m). The formula is given below:
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where:

d- transmitter to receiver distance [m] (from 100m to 3 km),
hb- transmitter antenna height [m] (from 10 to 100 m),

f- frequency [GHz].
a(h0),a(W), a(hm) are correction factors 
h0- average building height [m] (from 10 to 30 m),

w- road width [m] (from 5 to 50 m),

hm- receiver antenna height [m] (from 1,5 to 5 m),
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Model is applicable only in NLOS situations.

11) ITU-R F.1402 model
ITU-R F.1402 recommendation presents formula for calculating additional path loss (beside the free space loss) for rural environment. Originally model was created for 1,9 GHz frequency band. 
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where:

d- distance between transmitter and receiver [km] (from 100m to 5km),

hb - base station antenna height [m] (from 10 to 20m),
hm - user terminal antenna height [m] (from 2 to 10 m),
LFS – free space loss [dB] 
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f- frequency [MHz].
2.2. Analysis of the validity of propagation models

11 propagation models are described in section 2.1. Each model has its application validity conditions in terms of environment, frequency range, distance, etc.  For comparison purpose, all of the propagation model main patrameters are summarised in table 4.
Table. 4 Model parameters summary

	Propagation Models for 3,4-3,8 GHz for urban, suburban and rural macrocells

	Nr
	Model
	f [MHz]
	d [km]
	hb [m]
	hm [m]
	Terrain

	
	
	min
	max
	min
	max
	min
	max
	min
	max
	
	
	
	
	
	

	
	Models containing 3,4-3,8 GHz

	1
	Free Space 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Winner II 
	2000
	6000
	0.05
	5
	25
	25
	1.5
	1.5
	DU
	U
	SU
	R
	
	

	3
	EPM-73
	1
	10000
	0.1
	400
	3
	300
	1.5
	30
	
	H
	
	
	P
	

	
	Models up to 3 GHz,

	4
	ITU-R SM.2028 (ext. Hata)
	30
	3000
	0.1
	100
	10
	200
	1
	10
	
	U
	SU
	
	
	O

	5
	ITU-R P.1546
	30
	3000
	0.1
	100
	10
	200
	1
	10
	DU
	U
	SU
	R
	
	

	6
	ECC-33
	700
	3000
	1
	10
	20
	200
	5
	10
	DU
	U
	
	
	
	

	7
	SUI
	1900
	3000
	0.1
	8
	10
	80
	2
	5
	
	H
	SU
	R
	
	

	8
	Ericsson
	150
	1500
	1
	20
	30
	200
	1
	10
	
	U
	SU
	R
	
	

	9
	IEEE 802.11 C
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	Simp. Extended Sakagami
	800
	8000
	0,1
	3
	10
	100
	1,5
	5
	
	U
	
	
	
	

	11
	ITU-R F1402
	
	1900
	0.1
	5
	10
	20
	2
	10
	
	
	
	
	
	

	
	DU-dense urban    U-urban    SU-suburban    R-rural    H-hilly    P-plains    QO-quasi open    O-open    


2.2.1 Urban macro-cell propagation model

The comparison between 7 different propagation models and measurements(Orange measurement and a measurement curve from IEEE article[3] are presented in figure 2.
[image: image44.emf]Urban microcell,  f=3.5 GHz,  hb=10m,  hm=1.5m

60

80

100

120

140

160

180

0.0 0.1

d [km]

PL [dB]

Free Space

IEEE 802.11

Winner II - B1

Figure 2 Comparison between different propagation models and measurements data in urban environment
From the comparison curves plotted in Figure 2,  SUI-Rural model fits better the urban measurement curve from IEEE article[3] for distance below 1 km. Extended Hata model (ITU-R SM.2028) fits better for distance above 1 km.

The Orange measurement data in urban area is more pessimistic, for distance below 1 km, Winner II C2 (Urban) model fits better than other models.
2.2.2 Sub-urban macro-cell propagation model
3 propagation models are taken into consideration in comparison with measurements, as shown in figure 3.
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Figure.3 Comparison between different propagation models and measurements data in suburban environment

In suburban environment Extended Hata model gives a quite good approximation to measurement results for distance between 100 m and 10 km.

2.2.3. Rural macro-cell propagation model

Comparisons between 6 different propagation models and measurements are plotted and presented in figure 4.
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Figure.4 Comparison between different propagation models and measurements data in rural environment

As shown in figure 4, in rural area, for distance between 1 km and 10 km, Ericsson9999 model and Extended Hata model fit better the measurement data from IEEE article[3]. For distance below 1km, Extended Hata model is more optimistic, Winner II D1 model is more pessimistic compared to the measurement data.

2.2.4. Urban/Suburban micro-cell propagation model
Microcell propagation measurement data in urban environment are not available. For comparison purpose, 3 propagation models are plotted and presented in figure 5 below.
Figure.5 Comparison between different propagation models in urban micro cell environment

It can been seen that IEEE 802.11 C model is more optimistic than the Winner II B1 model. By considering that in femto cell and UE to UE interference simulations, most of the situations are LOS, but in outdoor microcell environment, it can a mixed scenario of LOS and NLOS, it is proposed to use:
1) Winner II B1 model for Outdoor microcell

2) IEEE 802.11 C model for Indoor Femtocell BS to UE

3) IEEE 802.11 C model for UE to UE in both outdoor and indoor environment.
3.  Conclusions and Proposals
Based on the description of the propagation models and analysis of the valdiity of the propagation models described in section 2, with the following considerations, the propagation models for different propagation environments and interference analysis scenarios can be selected and proposed:
1) Winner Macrocells models in urban, sub-urban and rural models are more detail compared to the extended Hata model, but the Seamcat simulation tool does not use any terrain data base, the LOS and NLOS distinction can not be easily applied in Seamcat simulations.

2) The validity of the Extended hata model is up to 3 Ghz, but the comparison between the model and the propagation pathloss measurement data show Extended Hata fit quite well with the measurement data in urban, sub-urban, and rural Environments.

3) Macrocellular BS to BS above roof top is more likely in Line Of Sight.

The proposed propagation models for different environments and different interference calculations/simulations scenarios are summarised in table 5.
Table 5: Proposed propagation models for different scenarios in different environments
	Scenario
	Urban

	Sub-urban

	Rural


	Macrocell BS to BS (Calculation)
	Free Space
	N/A
	N/A


	Outdoor Microcell BS to BS (Calculation/Simulation)
	Winner II B1


	N/A
	N/A



	Indoor Femtocell BS to BS (Calculation/Simulation)
	IEEE 802.11 C
	N/A
	N/A



	Macrocell BS to Microcell BS

(Calculation/Simulation)
	 Extended Hata
	N/A
	N/A



	Macrocell BS to UE (Simulation)
	Extended Hata
	Extended Hata
	Extended Hata

	Microcell BS to UE (Simulation)
	Winner II B1
	N/A
	N/A



	Femtocell BS to UE (Simulation)
	IEEE 802.11 C
	N/A
	N/A




It is propsoed to include the content of this document in the section 4 of the draft ECC report.
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