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Choice of model parameters

The channel models have been chosen as simplifications, or typical realisations of the COST 259 model that is described in more detail in Annex A. 

A large number of paths (40) in each model ensure that the correlation properties in the frequency domain are realistic. Path powers follow the exponential channel shapes in the COST 259 model. The delay spreads for each model are close to expected medians when applying the COST 259 model in reasonably sized macrocells. In the rural model a direct path is present, resulting in Rice-type fading when filtered to wideband channels. The hilly terrain model consists of two clusters, a typical situation in these environments. 

With the chosen parameters the models will be quite similar to the GSM channel models, after filtering to the GSM bandwidth.

Channel model specification

In the proposed text below, the channel models are specified explicitly. The tap delays have been determined by generating 40 independent identically distributed values from a uniform distribution in the interval 
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, where  is the rms delay spread. For the hilly terrain channel 20 paths have been generated for each cluster. Relative powers have then been calculated using the channel shapes in Annex A, Table 3. 

Each channel model (TUx, Rax and HTx) is associated with a mobile speed as described in Table 5.1 of the proposed text. The channel models as such are however generic in the sense that they are valid also for other mobile speeds.

Text proposal for TR 25.943

5 Channel model description

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 
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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 
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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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where 
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 is the maximum Doppler shift, a function of the mobile speed 
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 and the wavelength
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. 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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where 
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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 
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 and relative delays 
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, along with their Doppler spectrum which is either classical or a direct path. The models are named TUx, RAx and HTx, where x is the mobile speed in km/h according to Table 5.1.

Table 5.1:  Mobile speeds for the channel models.

Channel model
Mobile speed

TUx
3 km/h

RAx
120 km/h

HTx
120 km/h

5.1 
Typical Urban channel model (TUx)

Table 1. Channel for urban area

Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum

1
  0.0354
-0.3071
Class

2
  0.0670
-0.5820
Class

3
  0.0806
-0.7003
Class

4
  0.1417
-1.2310
Class

5
  0.1550
-1.3462
Class

6
  0.2059
-1.7883
Class

7
  0.2112
-1.8342
Class

8
  0.2613
-2.2694
Class

9
  0.2798
-2.4300
Class

10
  0.3003
-2.6083
Class

11
  0.3452
-2.9986
Class

12
  0.3642
-3.1630
Class

13
  0.5837
-5.0701
Class

14
  0.6201
-5.3865
Class

15
  0.6598
-5.7312
Class

16
  0.7164
-6.2222
Class

17
  0.7305
-6.3450
Class

18
  0.8652
-7.5148
Class

19
  0.8782
-7.6282
Class

20
  0.8852
-7.6892
Class

21
  0.8916
-7.7442
Class

22
  0.8948
-7.7722
Class

23
  0.9981
-8.6692
Class

24
  1.0109
-8.7804
Class

25
  1.0587
-9.1954
Class

26
  1.1060
-9.6063
Class

27
  1.1616
-10.0894
Class

28
  1.1699
-10.1614
Class

29
  1.2067
-10.4816
Class

30
  1.3011
-11.3015
Class

31
  1.3913
-12.0849
Class

32
  1.5001
-13.0295
Class

33
  1.5876
-13.7894
Class

34
  1.6177
-14.0510
Class

35
  1.6184
-14.0576
Class

36
  1.6429
-14.2697
Class

37
  1.6657
-14.4682
Class

38
  1.7764
-15.4299
Class

39
  1.9093
-16.5844
Class

40
  1.9129
-16.6151
Class

5.2 Rural Area channel model (RAx)

Table 2. Channel for rural area

Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum

1
0.0000
0.0000
Direct path, 
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2
0.0066   
-6.7509
Class

3
0.0134   
-7.0464
Class

4
0.0205   
-7.3538
Class

5
0.0246   
-7.5310
Class

6
0.0335   
-7.9159
Class

7
0.0353   
-7.9951
Class

8
0.0381   
-8.1167
Class

9
0.0457   
-8.4491
Class

10
0.0636   
-9.2242
Class

11
0.0853  
-10.1687
Class

12
0.1296  
-12.0924
Class

13
0.1319  
-12.1911
Class

14
0.1376  
-12.4402
Class

15
0.1408  
-12.5756
Class

16
0.1477  
-12.8785
Class

17
0.1600  
-13.4095
Class

18
0.1676  
-13.7417
Class

19
0.1832  
-14.4189
Class

20
0.1854  
-14.5144
Class

21
0.2133  
-15.7269
Class

22
0.2145  
-15.7773
Class

23
0.2187  
-15.9621
Class

24
0.2285  
-16.3855
Class

25
0.2314  
-16.5111
Class

26
0.2498  
-17.3102
Class

27
0.2533  
-17.4647
Class

28
0.2555  
-17.5569
Class

29
0.2641  
-17.9315
Class

30
0.2925  
-19.1652
Class

31
0.2970  
-19.3616
Class

32
0.3056  
-19.7361
Class

33
0.3106  
-19.9502
Class

34
0.3133  
-20.0675
Class

35
0.3564  
-21.9397
Class

36
0.3752  
-22.7559
Class

37
0.3855  
-23.2044
Class

38
0.3903  
-23.4135
Class

39
0.3951  
-23.6228
Class

40
0.3992  
-23.8011
Class

5.3
Hilly Terrain channel model (HTx)

Table 3. Channel for hilly terrain area

Tap number
Relative time ((s)
average relative power (dB)
doppler spectrum

1
0.0259
-0.3881
Class

2
0.1687
-2.5261
Class

3
0.1881
-2.8173
Class

4
0.2040
-3.0546
Class

5
0.2424
-3.6298
Class

6
0.2574
-3.8549
Class

7
0.2617
-3.9191
Class

8
0.3191
-4.7786
Class

9
0.3766
-5.6394
Class

10
0.5039
-7.5466
Class

11
0.5177
-7.7530
Class

12
0.5625
-8.4239
Class

13
0.6231
-9.3318
Class

14
0.7791
-11.6679
Class

15
0.8170
-12.2345
Class

16
0.8963
-13.4221
Class

17
0.9486
-14.2066
Class

18
0.9579
-14.3453
Class

19
1.0070
-15.0806
Class

20
1.1172
-16.7305
Class

21
15.2772
-15.1834
Class

22
15.3333
-15.4267
Class

23
15.4882
-16.0996
Class

24
15.5556
-16.3922
Class

25
15.5772
-16.4863
Class

26
15.6570
-16.8326
Class

27
15.8704
-17.7593
Class

28
16.0797
-18.6684
Class

29
16.1946
-19.1673
Class

30
16.2495
-19.4058
Class

31
16.4177
-20.1366
Class

32
16.6318
-21.0662
Class

33
16.6469
-21.1316
Class

34
16.8138
-21.8567
Class

35
17.2215
-23.6271
Class

36
18.1207
-27.5325
Class

37
18.2131
-27.9339
Class

38
18.2563
-28.1212
Class

39
18.5214
-29.2727
Class

40
18.6098
-29.6564
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 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 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 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 2. Propagation properties considerd 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 2. For this case, a full description of the channel is given by specifying the parameter set (Figure 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,.

Figure 1. Channel shape (power delay profile) with multiple clusters.
For details on how each of these properties are modelled, refer to [2]. 

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 3. 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 = 40 and k = 4.

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

Table 3. Reduced complexity channel model parameters

Environment
Channel shape
Channel parameters


Typical Urban
One exponential cluster consisting of NP Rayleigh-fading paths
NC = 1

P1 = 1

(1 = 0 (s

((,1 = 0.5 (s




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

P1 = 1

(1 = 0 (s

((,1 = 0.1 (s

Add one deterministic (non-fading) path with:

 fD = 0.7( fMax
 P2 = 0.43

 (2  = 0

in order to get Ricean fading


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

P1 = 1

(1 = 0 (s

((,1 = 0.29 (s

P2 = 0.04

(2 = 15 (s

((,2 = 1 (s
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