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Abstract6

Next generation wireless communication systems will consist of a large number of mobile or static terminals and should be7

able to fulfill multiple requirements depending on the current situation. Low latency and high packet success transmission rates8

should be mentioned in this context and can be summarized as ultra-reliable communications (URC). Especially for domains9

like mobile gaming, mobile video services but also for security relevant scenarios like traffic safety, traffic control systems and10

emergency management URC will be more and more required to guarantee a working communication between the terminals all11

the time.12

I. INTRODUCTION13

IN order to evaluate the performance of next generation mobile communication systems in realistic deployment scenarios,14

system level simulation tools must be capable of integrating various models that reflect network deployment (e.g., antenna15

locations, elevation, orientation, transmit powers), user mobility and communication behavior, as well as service characteristics.16

The need for modeling system aspects and use cases of next generation mobile networks in a more realistic manner system17

is already acknowledged by European 5G research project METIS [1]. In this paper we present a fast method for computing18

the path loss of micro and macro cells in a realistic, three dimensional urban environment scenario for moving and stationary19

users. Therefore, we use a simplified recursive ray tracing algorithm, which only takes into account one ray for each user per20

base station. Channel fading will be simulated by using Rayleigh and Rician distributed fading. To achieve a realistic Rician21

distributed fading, we use a variable k-factor that is randomly created taking into account the respective distance between22

transmitter and receiver. Both Rayleigh and Rician fading will be precomputed for the correspondent situations and just added23

to the path loss to achieve shorter computation times. Further, it is demonstrated that the employed algorithm is able to24

outperform the state-of-the-art approach described in II.25

The remainder of this paper is organized as follows: In Section II we give a short overview about the scenario layout and26

the user mobility. In Section III we present the path loss models and discuss the commonly used parameters. The computation27

of fast fading is presented in IV while the simulation results are shown in Section V.28

II. URBAN ENVIRONMENT AND USER MOBILITY29

A. 3D Scenario30

The three-dimensional scenario used in this paper is defined in [1] and is called Madrid Grid scenario. This scenario consists31

of 15 buildings with different heights, one park area and corresponding streets between the buildings. The size of the scenario32

is 387 by 552 meters. An overview about the scenario is given in figure 1.33

As shown in figure 1, there are 13 base stations considered namely 12 microcells (yellow) and one macrocell (red). The34

carrier frequency is 2.6 GHz and 10 MHz have been chosen as the system bandwidth.35

Each road consists of two lanes for driving and two parking lanes. The road called ”Gran Via” exhibits three lanes for driving36

in each direction has no parking lanes.37

B. User mobility38

The mobility model for vehicular user is adopted from [1]. Here, every car moves witch the same constant speed of39

50 km/h. Changing directions is only possible at crossroads. The probability of a right or left turn is 25% respectively, while40

the probability of moving straight ahead is 50% at each crossroad.41

42

III. PATH LOSS MODELS43

A. Computation of macrocell path loss44

In order to determine the path loss of macro cells, which are usually installed on rooftops, we use a path loss model that45

is proposed in [1]. This model takes into account the diffraction effects that radio signals experience and that is responsible46

for most of the signal energy received on ground level in urban environments. In this model, the calculation is divided in two47
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Fig. 1. Madrid grid layout according to [1]

parts. The first part Lfs describes the free space loss of signal from transmit antenna to the edge of the rooftop (dr) and can48

be calculated as:49

Lfs = −10 log10

( λ

4πdr

)2

, (1)

The second part describes the diffraction loss of the signal from the rooftop to the receiver on street and is calculated as50

shown in equation 2.51

Lrts = −10 log10

[ λ

2π2r

( 1

Θ
− 1

2π + Θ

)]
, (2)

where52

53

Θ = tan−1
(

∆h
x

)
,54

and55

56

r =
√

(∆h)2 + x2,57

∆h represents the difference of the building height and the mobile antenna height and x the horizontal distance between58

the diffracting edge and the user. The resulting path loss is calculated as:59

L = Lfs + Lrts, (3)

60

Further details related to this model are shown in [1].61

B. Computation of microcell path loss62

In case of micro cells, which are installed below rooftop level in an urban environment, most of the signal energy reaches63

the user due to reflection between buildings, if the user is not in line of sight (LoS). Since tracing multiple signal reflections64

is computionally expensive, we choose two separate models to compute the overall microcell path loss.65

The first model is used, if the user is in line of sight and the path loss is calculated as shown in is shown in equation 4.66

LdB = −10 log10

( λ

4πd

)2

, (4)
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67

where λ is the wavelength and d is the distance between transmitter and receiver.68

The second model is employed when the user is not in line of sight (nLoS). Here, we use Berg’s recursive path loss model69

[2], which takes into account geometrical conditions, such as angle of crossroads and distance between two crossroads. In70

principle, an imaginary distance is calculated that depends on the real distances between transmitter and receiver and the angle71

between two streets.72
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Fig. 2. Street orientation according to [2]

As shown in figure 2, s1 is the distance between crossing j1 and j2. s0 is the distance between transmitter j0 and j1,73

whereas s2 is the distance between j2 and receiver j3. For the considered dense urban scenario angle Θ1 and Θ2 are set to74

90◦.75

The imaginary distances are calculated according to equation 5 as described in [2].76

kj = kj−1 + dj−1 qj−1,

dj = kj sj−1 + dj−1,
(5)

77

where k0 = 1 and d0 = 0. The variable q represents the angle dependence of the path loss according to Equation 6.78

qj =
(

Θj
q90

90

)v
, (6)

79

In this case, q90 is set to 0.5 and v is set to 1.5 as recommended in [2]. The path loss is now calculated as follows:80

L
(n)
dB = −10 log10

( λ

4 π dn

)2

, (7)

81

where dn is the imaginary distance between the respective transmitter and point n.82

Figure 3 shows the corresponding path loss characteristic of a user moving with constant speed from point P0 to point P2 in83

figure 4. The dotted line shows the path loss of the reference model, which is further described in [1] and [4]. The continuous84

line depicts the path loss of the bergs model, that is used in our approach. This approach leads to a smoother curve that may85

be adjusted by using the parameters v and q90 in formula 6.86

The corresponding base station is depicted in yellow in figure 4 as well.87

As illustrated in figure 4 the user is in line of sight of BS4 until he reaches P2. After turning left, the user is in nLoS and88

the corresponding path loss model for a 90◦ crossroad is chosen.89

90

Fading is not considered here.91

IV. COMPUTATION OF FAST FADING92

Simulating fast fading in detail according to the three dimensional scenario including multipath propagation due to reflection,93

diffraction and scattering would lead to a complex model that could not be computed in reasonable time. Since we simulate94

numerous moving users, the fast fading will be calculated by using some statistical approaches.95

As suggested in [5], Rayleigh and Rician distributions are used to generate fast fading. In the following sections, the utilization96

of both models is described.97
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Fig. 3. Calculated path loss for moving user

Fig. 4. Movement of user

A. Rayleigh distributed fast fading98

If there is no dominant propagation path between transmitter and receiver (no line of sight) Rayleigh distributed random99

variables are used to describe fast fading, according to equation 8.100

PRayleigh(r) =
r

σ2
e

−r2

2σ2 , (8)

where σ2 represents the energy of the signal and r the magnitude. To calculate the Doppler power spectral density, we use101

equation 9, which is proposed in [6], for the Rayleigh and Rician channel:102

S(f) =
1

πfm

√
1−

(
f
fm

)2
, (9)

where fm is the Doppler frequency shift that is calculated as:103

fm =
vfc
c
, (10)

v = 50 kmph represents the user speed, fc is the carrier frequency, which is 2.6 GHz in this case and c = 3 · 108 m/s is the104

speed of light. The Rayleigh fading will be pre-calculated, stored and simply added to the path loss during the simulation.105

B. Rician distributed fast fading106

To simulate multipath propagation where at least one path is much stronger than the others (line of sight), we employ Rician107

distributed random variables. Rician distributed fast fading can be described as:108

PRice(r) =
r

σ2
e−

r2

2σ2
+K I0

[rβ
σ2

]
,∀r ≥ 0 (11)

with K = β2

2σ2 [10], [11].109

110
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For K = 0 and I0
[
rβ
σ2

]
= 1 equation 11 leads again to the Rayleigh fading calculated in equation 8 as proposed in [6]. The111

variable K is called Ricean k-factor and rather describes the relation between the signal of the line of sight path and the non112

line of sight paths. As proposed in [7], the non line of sight signal components need to be summed up to determine the k-factor.113

To avoid simulating every single signal path we use the statistical approaches to estimate the k-factor, that are described in114

[7], [8] and [9]. In [7] and [8] functions are provided that take into account the urban environment and the distance between115

transmitter and receiver resulting in a cumulative distribution function (CDF) of the Rician k-factor.116

The k-factor is now calculated using the line of sight distance from transmitter to receiver and a random value, which is117

generated according to the corresponding probability distribution function. Figure 5 shows the probability distribution function118

(PDF) of the k-factor over the distance, where the y-axis represents the distance in meters, the z-axis stands for the probability,119

and the x-axis shows the k-factor in dB.120

Fig. 5. PDF of the ricean k-factor

As shown in figure 5, the probability of a high k-factor value decreases with an increasing distance between receiver and121

transmitter. In our simulation tool the k-factor values are stored separately and used to generate Rician fading for the relevant122

distance between transmitter and receiver according to equation 11 [10], [11].123

Figure 6 and 7 show the fast fading for a k-factor of 0 dB and 15 dB respectively.124

Fig. 6. Ricean fading for k=0 dB

Fig. 7. Ricean fading for k=15 dB

For k = 0 the Ricean fading transfers into Rayleigh fading as shown in equation 11 and 8.125
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V. SIMULATION RESULTS126

In this section, we will present some simulation results regarding the path loss of a moving user in the described scenario.127

Figure 8 shows the path loss between transmitter and a moving user that follows the same route as described in figure 4. The128

Rician k-factor for nLoS conditions changes due to the distance as shown in figure 5. The appropriate models for fading and129

propagation will be chosen automatically using a single ray to detect NLoS or LoS conditions. The simulated path loss from130

P0 to P2 is shown in figure 8.131

Fig. 8. Path loss with fast fading

Since the main objective of this approach was to find a method that is fast enough to simulate numerous randomly distributed132

user in a realistic, 3D-environment, we compare this method to a reference method, that is further described in [1] and [4].133

This method does not precompute the fading and does not use the recursive method to estimate the path loss. Further the134

computation of numerous log-operations is necessary here, which takes some computing time. In figure 9 we compare the135

averaged frame refresh rate during a simulation set over an increasing number of simulated users in the same scenario and the136

same user positions.137

Fig. 9. Refresh rate vs. number of users

As illustrated in figure 9 we can simulate up to 80 more users with the method proposed in this paper at a frame refresh138

rate of 30 fps than with the reference method.139

VI. CONCLUSION140

In this work, we use a simplified model for efficiently computing the path loss between receiver and transmitter in line141

of sight conditions as well as in non line of sight conditions using Berg’s recursive model. To achieve realistic simulation142

results we combine this model with fast fading models, such as Rayleigh distributed fading for non line of sight propagation.143

To consider multipath fading in line of sight conditions, we employ Rician distributed fading with a variable k-factor, which144

depends on the distance between transmitter and receiver. The proposed model was compared with a reference model that does145

not use pre-computation and recursive algorithms. The model presented in this paper leads to a better performance that allows146

to simulate more moving users in a realistic 3D-environment.147
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