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3
Definitions, symbols and abbreviations

3.1
Definitions

void

3.2
Symbols

For the purposes of the present document, the following symbols apply:

 
R.M.S. delay spread

fd
Maximum Doppler shift

fs
Doppler frequency of the direct path, given by its direction relative to the mobile direction of movement

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

COST

European Co-operation in the field of Scientific and Technical research

GSM

Global System for Mobile communications

HT
Hilly Terrain

RA
Rural Area

TU
Typical Urban

UMTS
Universal Mobile Telecommunications System

4
General

The channel models are embodiments of the COST 259 model [1].  Since the COST 259 models are representative statistical models based on many wideband channel sounding experiments, the models presented here have been adapted for the 3GPP chip rate and receiver structure.   Specifically, the fading models have been created with a delay bin size of ¼ of a chip period (65 ns).  Additionally, to overcome the frequency correlation of the fading that exists with the well-known GSM models from COST 207 [3], a small amount of random delay is added to each bin to remove periodicity in the delay domain of the power delay profile (PDP).  


In Section 5, the channel models are specified explicitly.  For each environment type three (3) models have been created which present a varying range of rms delay spreads to the receiver.  The tap delays have been determined by generating 10 independent identically distributed values from a uniform distribution in the interval [image: image1.wmf][
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, where  is the rms delay spread. For the Hilly Terrain channel 5 paths have been generated for each cluster and for the Rural Area model there is a total of 10 taps. Relative powers have then been calculated using the channel shapes in Annex A, Table A.3. The power levels in each delay channel are relative to the first arriving path and are assigned in accordance with the COST 259 model.   
5
Channel model descriptions

Radio wave propagation in the mobile environment can be described by multiple paths which arise due to reflection and scattering in the mobile environment. Approximating these paths as a finite number of N distinct paths, the impulse response for the radio channel may be written as:
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which is the well known tapped-delay line model. Due to scattering of each wave in the vicinity of a moving mobile, each path [image: image3.wmf]i
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 will be the superposition of a large number of scattered waves with approximately the same delay. This superposition gives rise to time-varying fading of the path amplitudes [image: image4.wmf]i
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, a fading which is well described by Rayleigh distributed amplitudes varying according to a classical Doppler spectrum:
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 is the maximum Doppler shift, a function of the mobile speed [image: image7.wmf]v

 and the wavelength[image: image8.wmf]l

. In some cases a strong direct wave or specular reflection exists which gives rise to a non-fading path, then the Doppler spectrum is:
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 is the Doppler frequency of the direct path, given by its direction relative to the mobile direction of movement.

The channel models presented here will be described by a number of paths, having average powers [image: image11.wmf]2
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, along with their Doppler spectrum which is either classical or a direct path. The models are named TU1-x, TU2-x, TU3-x, RA1-x, RA2-x, RA3-x, HT1-x, HT2-x and HT3-x, where x is the mobile speed in km/h. Default mobile speeds for the models are according to Table 5.1. The relative position of the taps is for each model listed with a 0.001 (s resolution.  When the models are implemented, the relative time may be rounded off to the closest integer multiple of 0.05 (s.

Table 5.1: Default mobile speeds for the channel models.

Channel model
Mobile speed

TU1, TU2, TU3
3 km/h


50 km/h


120 km/h

RA1, RA2, RA3
120 km/h


250 km/h

HT1, HT2, HT3
120 km/h

For clarification of Table 5.1, it is suggested that there will be nine (9) tests required to model the Typical Urban environment, six (6) tests required to model the Rural Area environment and three (3) tests required to model the Hilly Terrain environment.
5.1
Typical Urban channel model (TU1-x, TU2-x, TU3-x)

Table 5.2: Channel for urban area
Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum


1
(TU1-x)
0
(TU2-x)
0
(TU3-x)
0
(TU1-x)
–4.7
(TU2-x)
–5.5
(TU3-x)
–4.2
Class

2
0.127
0.136
0.257
-5.8
-7.0
-6.1
Class

3
0.384
0.198
0.594
-8.1
-7.7
-8.5
Class

4
0.463
0.251
1.098
-8.8
-8.2
-12.1
Class

5
1.048
0.512
1.225
-13.8
-11.0
-13.1
Class

6
1.298
0.645
1.304
-16.0
-12.5
-13.6
Class

7
1.420
0.968
1.429
-17.1
-16.0
-14.5
Class

8
1.690
1.169
1.826
-19.4
-18.2
-17.4
Class

9
1.747
1.235
1.951
-19.9
-18.9
-18.3
Class

10
1.955
1.565
2.406
-21.7
-22.5
-21.6
Class










































































































5.2
Rural Area channel model (RA1-x, RA2-x, RA3-x)

Table 5.3: Channel for rural area
Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum


1
(RA1-x)

0
(RA2-x)
0
(RA3-x)
0
(RA1-x)
–2.5
(RA2-x)
–3.2
(RA3-x)
–1.3
Rice, [image: image13.wmf]D
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2
0.067
0.061
0.070
-5.4
-4.5
-7.4
Class

3
0.189
0.332
0.120
-10.7
-10.4
-11.8
Class

4
0.255
0.450
0.201
-13.6
-12.9
-18.8
Class

5
0.334
0.645
0.323
-17.0
-17.2
-29.4
Class
























































5.3
Hilly Terrain channel model (HT1-x, HT2-x, HT3-x)

Table 5.4: Channel for hilly terrain area
Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum


1
(HT1-x)
0
(HT2-x)
0
(HT3-x)
0
(HT1-x)
–2.1
(HT2-x)
–3.4
(HT3-x)
–2.7
Class

2
0.394
0.265
0.325
-8.0
-7.3
-7.6
Class

3
0.449
0.331
0.393
-8.8
-8.3
-8.6
Class

4
0.775
0.520
0.451
-13.7
-11.2
-9.5
Class

5
1.169
1.044
0.920
-19.6
-19.0
-16.5
Class

6
15.000
10.000
20.000
-16.1
-13.4
-19.7
Class

7
15.725
10.140
21.173
-19.2
-14.0
-24.8
Class

8
17.796
10.780
21.230
-28.2
-16.8
-25.0
Class

9
18.130
11.692
22.726
-29.7
-20.7
-31.5
Class

10
18.579
12.210
22.867
-31.6
-23.0
-32.2
Class










































































































Annex A:
The COST 259 Channel Model

A.1
Background

COST 259 [1] is a research forum funded by the EU, in which there are participants from manufacturers, operators and universities. This forum is the second successor of COST 207, who did the work on which the channel models used in GSM standardization were based. One of the work items identified in COST 259 is to propose a new set of channel models which overcome the limitations in the GSM channel models, while aiming at the same general acceptance. The models are aimed at UMTS and HIPERLAN, with particular emphasis on adaptive antennas and directional channels.

A.2
Model descriptions

The main difference between the COST 259 model and previous models is that it tries to describe the complex range of conditions found in the real world by distributions of channels rather than a few “typical” cases. The probability densities for the occurrence of different channels are functions of mainly two parameters:

1)
Environment

2)
Distance

Given a certain environment (e.g. Urban Macrocell) and a certain distance (or distance range/cell radius), the parameters describing the distribution functions for this particular case can be extracted. Performing a sufficient number of channel realizations will give a distribution of channels which give a much better representation of reality than what would be possible using only one channel.

The environments identified so far in COST 259 are given in Table A.1, although these are by no means written in stone. The macrocellular environments have the same names as the GSM models. (It is being discussed if there should be a distinction between indoor and outdoor mobiles for the macrocellular environments.)

Table A.1: Preliminary environments identified by COST 259.

Macrocell
Microcell
Picocell

Typical Urban
(Street Canyons)
(Tunnel/Corridor)

Bad Urban
(Open Places)
(Factory)

Rural Area
(Tunnels)
(Office/Residential Home)

Hilly Terrain
(Street Crossings)
(Open Lounge)

In COST 259, a number of properties of the propagation channel has been considered in the model work. The full proposal will include all of these properties, but it is quite simple and straightforward to implement the model in a modular structure, so that each of the properties (listed in Table A.2) can be switched on or off individually depending on the application. Inherent in the model is also correlations between the properties, e.g. time dispersion and shadow fading are modelled as being partially correlated.

Table A.2: Propagation properties considered in the COST 259 model

1
Path Loss

2
Shadow Fading

3
Fast Fading

4
Time Dispersion

5
Angular dispersion (azimuth and/or elevation at BS)

6
Polarization

7
Multiple Clusters

8
Dynamic channel variations (variations in 1-7)

The shape of the channel is given by one or several clusters, where each cluster is exponentially decreasing in delay and Laplacian (double-sided exponential) in azimuth. Each cluster consists of a number of Rayleigh-fading paths, plus a possible non-fading path to get Rice fading.

Of interest here are mainly the properties 4 and 7 in Table A.2. For this case, a full description of the channel is given by specifying the parameter set (Figure A.1):
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The i:th cluster is described by its total power Pi, the delay of the first path (i and the cluster delay spread ((,i. The last parameter describes the slope of the exponentially decaying power in the cluster. The number of clusters present is given by NC,.

[image: image16.wmf]t

1

t

2

Power [dB]

Time delay

s

t

,1

s

t

,2

P

1

P

2


Figure A.1: Channel shape (power delay profile) with multiple clusters.

A.3
Reduced complexity models

It is possible to reduce the complexity of the COST 259 model by approximating the continuous distributions with a small number of cases, selected to be typical representations of the channel in common environments. We propose a set of models with fixed parameters as shown in Table A.3. The selected parameters correspond to the COST 207/GSM models with one important difference namely the delay spread value for the Typical Urban channel. This has been reduced to better correspond to typical measurement results.

A cluster in the models outlined here is represented by a number NP independent Rayleigh-fading paths with Classical Doppler spectrum, randomly distributed in the interval [(i , (i + k (((,i]. Preliminary assignments are NP = 10 and k = 4.

The fast fading (property 3 in Table A.2) should be included in the model as a Doppler frequency

Table A.3: Reduced complexity channel model parameters

Environment
Channel shape
Channel parameters


Typical Urban (TU1-x)
One exponential cluster consisting of NP Rayleigh-fading paths
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.42 (s


[image: image17.wmf]

Typical Urban (TU2-x)
One exponential cluster consisting of NP Rayleigh-fading paths
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.29 (s


[image: image18.wmf]

Typical Urban (TU3-x)
One exponential cluster consisting of NP Rayleigh-fading paths
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.55 (s


[image: image19.wmf]

Rural Area (RA1-x)
One exponential cluster consisting of NP-1Rayleigh-fading paths and 1 non-fading path.
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.08 (s

Add one deterministic (non-fading) path with:

 fD = 0.7( fMax

 P2 = 0.43

 (2  = 0

in order to get Ricean fading
[image: image20.wmf]

Rural Area (RA2-x)
One exponential cluster consisting of NP-1Rayleigh-fading paths and 1 non-fading path.
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.15 (s

Add one deterministic (non-fading) path with:

 fD = 0.7( fMax

 P2 = 0.43

 (2  = 0

in order to get Ricean fading
[image: image21.wmf]

Rural Area (RA3-x)
One exponential cluster consisting of NP-1Rayleigh-fading paths and 1 non-fading path.
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.04 (s

Add one deterministic (non-fading) path with:

 fD = 0.7( fMax

 P2 = 0.43

 (2  = 0

in order to get Ricean fading
[image: image22.wmf]

Hilly Terrain (HT1-x)
Two exponential clusters each consisting of NP/2 Rayleigh-fading paths each
NC = 2

P1 = 1

(1 = 0 (s

((,1 = 0.26 (s

P2 = 0.04

(2 = 15 (s

((,2 = 0.85 (s
[image: image23.wmf]

Hilly Terrain (HT2-x)
Two exponential clusters each consisting of NP/2 Rayleigh-fading paths each
NC = 2

P1 = 1

(1 = 0 (s

((,1 = 0.21 (s

P2 = 0.14
(2 = 10 (s

((,2 = 0.60 (s

[image: image24.wmf]

Hilly Terrain (HT3-x)
Two exponential clusters each consisting of NP/2 Rayleigh-fading paths each
NC = 2

P1 = 1

(1 = 0 (s

((,1 = 0.22 (s

P2 = 0.02
(2 = 20 (s

((,2 = 0.82 (s
[image: image25.wmf]
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