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ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IM-
PLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE 
ARE DISCLAIMED. IN NO EVENT SHALL IS-WIRELESS BE LIABLE FOR ANY GENERAL, DI-
RECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES 
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SER-
VICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER 
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABIL-
ITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT 
OF THE USE OF THIS SOFTWARE AND/OR DOCUMENTATION, EVEN IF ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGE.  
 
IS-Wireless is disclosing this software, user guide, manual, release notes, and/or specification 
to you solely for use in conformity with the License Terms. You may not reproduce, distrib-
ute, republish, download, display, post, or transmit the Documentation in any form or by any 
means including, but not limited to, electronic, mechanical, photocopying, recording, or oth-
erwise. IS-Wireless expressly disclaims any liability arising out of your use of the Documenta-
tion and reserves the right, at its sole discretion, to change the Documentation without no-
tice at any time. You are responsible for obtaining any rights you may require in connection 
with your use or implementation of this Software. 
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1 Exercise target 

The aim of this exercise is to familiarize students with the conditions of the radio net-

work and system environment in LTE with focus on the following topics: 

a. User mobility models evaluation 

b. Small and large scale propagation models 

c. SNIR calculations in practical environment with various factors influencing it. 

After this exercise student shall be able to understand the basic idea about user mobili-

ty, the propagation schemes and should be able to calculate SNIR value for a particular 

system, provided all necessary parameters are provided. 

NOTE! This exercise shall last approximately 3 hours in order to fulfill all the included 

tasks. The exercise can be done by a single student or a group of students. 
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2 Required background 

Prior to laboratory exercises, students should prepare and get familiar with the neces-

sary range of material including: 

 Basics of radio-communication systems 

 Principles and basics of LTE system  

 Mobility Models 

 Basics of multipath channels and possible impacts of the channel on the 

performance of the network 

 Mobile Radio Propagation: Large-Scale Path Loss 

 Mobile Radio Propagation: Small-Scale Fading  

 SNIR calculations 
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3 Theoretical introduction 

3.1 Theoretical background for the LTE radio conditions and 

system environments 

Understanding the mobility models and their importance 

For the evaluation of any mobile network protocol, the protocol should be tested with 

the help of advanced simulations which help create realistic conditions including, but 

not limited to, a sensible transmission range, limited buffer space for the storage of 

messages, representative data traffic models and realistic movements of the mobile 

users (i.e. a mobility model).  Mobility models are a very integral part of this evaluation 

process and may influence the behaviour of the simulation network quite significantly, 

so emphasis should be placed in choosing the mobility model which accurately repre-

sents the mobile nodes (MNs)/ user equipments (UEs) that will eventually utilize the 

given protocol. A mobility model should attempt to mimic the movements of real UEs. 

Changes in speed and direction must occur and they must occur in reasonable time 

slots. For example, we would not want UEs to travel in straight lines at constant speeds 

throughout the course of the entire simulation because real MNs would not travel in 

such a restricted manner. 

The mobility models are usually categorized into two types, one which represent mo-

bile nodes whose movements are independent of each other (i.e. entity mobility mod-

els) and another where several mobility models that represent mobile nodes whose 

movements are dependent on each other (i.e. group mobility models) are considered.  

 

The various important entity models [7] are listed below: 

1. Random Walk Mobility Model (including its many derivatives): A simple mobility 

model based on random directions and speeds. 

2. Random Waypoint Mobility Model: A model that includes pause times between 

changes in destination and speed. 

3. Random Direction Mobility Model: A model that forces MNs to travel to the edge 

of the simulation area before changing direction and speed. 

4. A Boundless Simulation Area Mobility Model: A model that converts a 2-D 

rectangular simulation area into a torus-shaped simulation area. 

5. Gauss–Markov Mobility Model: A model that uses one tuning parameter to vary 

the degree of randomness in the mobility pattern. 

6. A Probabilistic Version of the Random Walk Mobility Model: A model that utilizes a 

set of probabilities to determine the next position of an MN. 

7. City Section Mobility Model: A simulation area that represents streets within a 

city. 
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Following are the important group mobility models that allow us to simulate situations 

in which the MNs’ decisions on movement depend upon the other MNs in the group. 

1. Exponential Correlated Random Mobility Model: A group mobility model that uses 

a motion function to create movements. 

2. Column Mobility Model: A group mobility model in which the set of MNs form a 

line and are uniformly moving forward in a particular direction. 

3. Nomadic Community Mobility Model: A group mobility model in which a set of 

MNs move together from one location to another. 

4. Pursue Mobility Model: A group mobility model in which a set of MNs follow a 

given target. 

5. Reference Point Group Mobility Model: A group mobility model in which group 

movements are based upon the path travelled by a logical centre. 

Understanding the Radio propagation models 

The need for realistic mobile fading channels led to the concept of radio propagation 

models, which is an empirical mathematical formulation for the characterization of radio 

wave propagation as a function of frequency, distance and other conditions. Created 

with the goal of formalizing the way radio waves are propagated from one place to an-

other, such models typically predict the path loss along a link or the effective coverage 

area of a transmitter.  

The difficulties in modelling a wireless channel are due to complex propagation pro-

cesses. A transmitted signal arrives at the receiver through different propagation mech-

anisms shown in Figure 1: 

 

Figure 1 Time-variant multi-path propagation 
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The propagation mechanisms involve the following basic mechanisms:  

a. Free space or line of sight propagation 

b. Specular reflection due to interaction of electromagnetic waves with plane and 

smooth surfaces which have large dimensions as compared to the wavelength of 

interacting electromagnetic waves  

c. Diffraction caused by bending of electromagnetic waves around corners of 

buildings  

d. Diffusion or scattering due to contacts with objects having irregular surfaces or 

shapes with sizes of the order of wavelength  

e. Transmission through objects which cause partial absorption of energy.  

It is important to note that the level of information about the environment a channel 

model must provide is highly dependent on the category of communication system un-

der assessment. To predict the performance of narrowband receivers, classical channel 

models which provide information about signal power level distributions and Doppler 

shifts of the received signals, may be sufficient. The advanced technologies, (e.g., 

UMTS and LTE) build on the typical understanding of Doppler spread and multipath 

fading; also incorporate new concepts such as time delay spread, direction of depar-

tures (DOD), direction of arrivals (DOA) and adaptive array antenna geometry. The 

presence of multipaths (multiple scattered paths) with different delays, attenuations, 

DOD and DOA gives rise to highly complex multipath propagation channel. 

We can better understand the propagation models as well as the different effects 

which the transmitted signal suffers from in the following way: 

Large Scale Propagation Model 

Large scale propagation model is used to characterize the received signal strength by 

averaging the amplitude or power level of the received signal over large transmitter-

receiver separation distances in the range of hundreds or thousands of a wavelength. 

The large scale models are often derived from measured data. However, semi-empirical 

models are employed in smaller areas to achieve higher accuracy. The theoretical mod-

els are used which are then fitted to measured data to obtain desired model for a par-

ticular propagation scenario. The following effects are included in the large scale prop-

agation models: 

 Shadowing is caused by obstruction of the transmitted waves by, for example, 

hills, buildings, walls, and trees, which results in more or less strong attenuation 

of the signal strength. Compared to fast fading, longer distances have to be 

covered to change the shadowing constellation significantly. The varying signal 

strength due to shadowing is called slow fading and can be described by a log-

normal distribution. 
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Figure 2 Shadowing 

 
 Path loss indicates how the mean signal power decays with distance between 

the transmitter and receiver. In free space, the mean signal power decreases 

with the square of the distance between the base station (BS) and terminal 

station (TS). In a mobile radio channel, where often no line of sight (NLOS) 

exists, signal power decreases with a power higher than two and is typically in 

the order of three to five. 

Here as an example we can see the 3GPP propagation model for Urban Area [11] 

which is widely used for simulation and planning purposes: 

Macro cell propagation model for urban area  

This model is applicable for scenarios in urban and suburban areas outside the high rise 

core where the buildings are of nearly uniform height: 

𝐿 = 40(1 − 4 ∙ 10−3 ∙ 𝐷ℎ𝑏) ∙ log10(𝑅) − 18 log10(𝐷ℎ𝑏) + 21 log10(𝑓) + 80dB 

where: 

 R is the base station-UE separation in kilometres 

 f is the carrier frequency in MHz 

 Dhb is the base station antenna height in meters, measured from the average 

rooftop level 
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Considering a carrier frequency of 900MHz and a base station antenna height of 15 

meters above average rooftop level, the propagation model is given by the following 

formula: 

𝐿 = 120.9 + 37.6 log10(𝑅) 

where: 

 R is the base station-UE separation in kilometres 

 

Considering a carrier frequency of 2000MHz and a base station antenna height of 15 

meters above average rooftop level, the propagation model is given by the following 

formula: 

𝐿 = 128.1 + 37.6 log10(𝑅) 

where: 

 R is the base station-UE separation in kilometres 

After L is calculated, log-normally distributed shadowing (LogF) with standard deviation 

of 10dB should be added. A Shadowing correlation factor of 0.5 for the shadowing 

between sites (regardless aggressing or victim system) and of 1 between sectors of the 

same site shall be used. The pathloss is given by the following formula: 

Pathloss_macro = 𝐿 + 𝐿𝑜𝑔𝐹 

Similar model for rural area can also be observed in [11]. 

Some other standard models which represent large scale propagation models are: 

COST Hata Model 

In 1968, Okumura conducted extensive measurements of base station to mobile signal 

attenuation throughout Tokyo and developed a set of curves giving median attenuation 

relative to free space path loss. To use this model one needs to use the empirical plots 

given in his paper. This is not very convenient to use. So in 1980, Hata developed 

closed-form expressions for Okumura’s data. According to Hata model [12] the path 

loss in an urban area at a distance d is: 

𝑃L,urban(𝑑)dB = 69.55 + 26.16 log10(𝑓𝑐) − 13.82 log10(ℎ𝑡) − 𝑎(ℎ𝑟) + (44.9 − 6.55 log10(ℎ𝑡)) log10(𝑑) 

where: 

 fc is the carrier frequency 

 ht is the height of the transmitting (base station) antenna 
 hr is the height of the receiving (mobile) antenna 
 a(hr) is a correction factor for the mobile antenna height based on the size of the 
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coverage area 

Hata model well approximates the Okumura model for distances greater than 1km. This 

model is intended for large cells with base station being placed higher than the sur-

rounding rooftops. Both models are designed for 150-1500 MHz and are applicable to 

the first generation cellular systems. The Hata model was extended by The European 

Cooperative for Scientific and Technical (COST) to 2 GHz as follows: 

𝑃L,urban(𝑑)dB = 46.3 + 33.9 log10(𝑓𝑐) − 13.82 log10(ℎ𝑡) − 𝑎(ℎ𝑟) + (44.9 − 6.55 log10(ℎ𝑡)) log10(𝑑) + 𝐶𝑀 

where: 

 CM is 0 dB for medium sized cities and suburbs and is 3 dB for metropolitan 

areas 

The remaining parameters are same as before. This model is restricted to the following 

range of parameters: 

 Carrier Frequency: 1.5 GHz to 2 GHz 

 Base Antenna Height: 30 m to 300 m 

 Mobile Antenna Height: 1m to 10 m 

 Distance d: 1 km to 20 km 

COST 321-Hata model is designed for large and small macro-cells, i.e. base station an-

tenna heights above rooftop levels adjacent to base station. 

Small Scale Propagation Model 

This model is used to characterize the rapid variations of the received signal strength 

due to changes in phases when a mobile terminal moves over small distances on the 

order of a few wavelengths or over short time durations on the order of seconds. Since 

the mean power remains constant over these small distances, small scale fading can be 

considered as superimposed on large scale fading for large scale models. The most 

common description of small scale fading is by means of Rayleigh distribution. The fol-

lowing effects are included in the small scale propagation models: 

 Multipath Propagation: Multi-path propagation occurs as a consequence of 

reflections, scattering, and diffraction of the transmitted electromagnetic wave 

at natural and man-made objects. Thus, at the receiver antenna, a multitude of 

waves arrives from many different directions with different delays, attenuations, 

and phases. The superposition of these waves results in amplitude and phase 

variations of the composite received signal. Figure 3 illustrates power delay 

profile (PDP) of a multipath channel with three distinct paths.  
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Figure 3 Power delay profile of a multipath channel 

 
The most severe multipath channel is Rayleigh fading channel in which there is 

no line of sight path and the channel taps are independent. In the case of Rician 

fading channel the fading dips are low due to the presence of line of sight com-

ponent in addition to the dispersed paths. A radio channel can be characterized 

as narrowband or wideband depending on the channel characteristics and dura-

tion of a symbol. Due to above propagation mechanisms, the impulse response 

of a multipath channel consists of a series of pulses spread in time or frequency. 

If the time difference between the first and the last pulse is smaller than the du-

ration of a symbol, then the system is called narrowband system. If the time dif-

ference between the first and last pulse is greater than the duration of a symbol, 

then the system is called wideband system. Wideband characteristics of impulse 

response are often used to describe the behaviour of the multipath channel. The 

degradation in the received signal level due to multipath effects can be classified 

into large scale path loss component, medium scale slow varying component 

with log-normal distribution and small scale fast fading component with Rayleigh 

or Rician distribution depending on the absence or presence of LOS component 

between the transmitter and receiver.  

 Doppler spread is caused by moving objects in the mobile radio channel. 

Changes in the phases and amplitudes of the arriving waves lead to time-variant 

multi-path propagation. Even small movements on the order of the wavelength 

may result in a totally different wave superposition. The varying signal strength 

due to time-variant multi-path propagation is referred to as fast fading. 
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SNIR Calculations in LTE  

Signal to Noise plus Interference Ratio (SNIR) is the ratio of the received strength of 

the desired signal to the received strength of undesired signals (noise and interference). 

𝑆𝑁𝐼𝑅 =  
𝑃𝑤𝐺

𝑁
 

The received signal strength is the product of the power Pw times path loss G and di-

vided by the noise component N. Usually the path loss will typically be a stochastic var-

iable depending on physical characteristics such as rapid and slow fading, but will also 

have a component that are dependent on distance (and possible also the sending fre-

quency).  While calculating SNIR we consider variations that are slowly varying over 

time intervals that are relative long compared with the TTIs (Transmission Time Inter-

vals). Then the path loss is usually given in dB on the form: 

𝐺 = 10
𝐿

10     𝑤𝑖𝑡ℎ    𝐿 = 𝐶 − 𝐴 log10(𝑟) + 𝑋𝑡 

where: 

 C and A are constants (A typical in the range 20-40) 

 Xt is a normal stochastic process with zero mean representing the shadowing 
(slow fading) 

The other important component determining the SNIR is the noise. It is common to 

split the noise power into two terms: 

𝑁 = 𝑁𝑖𝑛𝑡 + 𝑁𝑒𝑥𝑡 

where: 

 Nint is the internal (or own-cell) noise power 

 Next is the external (or other-cell) interference 

In a CDMA (Code Division Multiple Access) network, the lack of orthogonality induces 

own-cell interference. In an OFDMA (Orthogonal Frequency Division Multiple Access) 

network like LTE, there is a perfect orthogonality between users and therefore the only 

contribution to Nint is the terminal noise at the receiver. The interference from other 

cells depends on the location of surrounding base stations and will typically be largest 

at cell edges.  

The SNIR in the downlink is calculated for each PRB assigned to data transmissions by 

dividing the power of the intended signal from the considered eNB by the sum of the 

noise power plus all the transmissions on the same PRB coming from other eNBs (the 

interference signals). 
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The SNIR is an important indicator to evaluate cellular networks because: 

 It takes into account all the parameters of the antenna. 

 It depends on the traffic distribution and the load factor of the network. 

 It resizes the network and determines which base station controls each user. 

 It allows us to calculate the total throughput of the network. 

3.2 System description for the exercise 

The course exercises are based on the MATLAB version of 4G System Lab also known 

as LTE MAC Lab which belongs to the category of system-level simulators truly reflect-

ing the behaviour of a modelled radio access network. A tool user can select and con-

figure the LTE radio interface, choose appropriate channel and traffic models, define 

the network to be analyzed, make the choice on the set of Radio Resource Manage-

ment (RRM) functionalities and run the simulation. The tool is time-driven and models, 

with high accuracy, all the events that happen within a radio network. This includes 

terminals mobility, cell selection / reselections, attach, random access, admission con-

trol, handovers, power control, scheduling and many more. Special attention is given to 

co-channel interference (CCI) control, where functionalities managing CCI can be easily 

modelled and verified. For the lab course exercises it is important to evaluate the role 

of every single radio condition and the functionality of the network in general. 

For the purpose of this exercise, the sections of LTE MAC Lab that are required for 

evaluation are: 

 Mobility Models 

 Small Scale Propagation Models 

 Large Scale Propagation Models 

 RRM Module 

The block diagrams that are useful for this exercise are shown below: 

 
Figure 4 Block diagram for the experiments describing the mobility models 
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Figure 5 Block diagram for the experiments describing the propagation models 

 

 
Figure 6 Block diagram for the experiments describing the SNIR calculations 

 

The important parameters that are related to the LTE system for this exercise are gath-

ered in Table 1. 

 
Table 1 LTE MAC Lab parameters used in exercise 

Parameter name Parameter value 

Number of Equipment (UEs) 1 or 3 

Number of base station 1 

Bandwidth 3 MHz 

Channel type Stationary, Low mobile, Medium Mobile and Highly Mobile 

Simulation length 3 TTI 

Multipath Model 3GPP model 

Environment Type Urban 

Frequency 850/1800/2050/2500 MHz 

Base Station height 30 m 

Base Station Antenna Characteristic Omnidirectional 

User Equipment height 2 m 

BLER 10
-1

 

FFT Size 128 

Transmission Scheme SISO 
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4 Workspace setup 

In order to properly run all exercises you have to follow these steps: 

 

1. Install University Suite and activate it. This should be already done by the teacher or 

system administrator, and is well described in User guide 

2. Launch MATLAB. Switch the work directory (Figure 7, red outline) to path where 

University Suite is installed (e.g. “C:\University_Suite_v1.0.0”) 

3. Open directory with appropriate laboratory case, e.g. “Labcase_1” (Figure 7, 

orange outline), and run script “UniversitySuite_AddPaths”,  to add paths to 

workspace (Figure 7, blue outline). Each laboratory case has its own separate 

script to add paths that has to be run (i.e. even if you run 

“UniversitySuite_AddPaths” from “Labcase_1”, you have to run 

“UniversitySuite_AddPaths” from “Labcase_2” in order to do exercises from 

laboratory case 2) 

 

NOTE! Each time you restart MATLAB you have to perform above steps to properly 

attach all directories. 

 
Figure 7 University Suite workspace setup 
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NOTE! If scripts for automatic LTE MAC Lab and LTE PHY Lab search fail, you must 
provide specific path to this tools. To do so, edit “AddToolsPaths” file, which is located 
in the main directory of University Suite. In this file add path to your tools in functions 
“Add_LTE_PHY_Lab” and “Add_LTE_MAC_Lab”. Figure 8 provides an example on how the 
file should look like in case of explicit tool paths. Edited lines are marked with blue out-
line. 
 

 
Figure 8 Adding specific path to the tools 
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5 “Warm up” exercises 

In this laboratory exercise we will learn about the different mobility models, the propa-

gation models and calculation of SNIR values in the LTE system environment.  

5.1 Examination of the different mobility models 

1. Open the script “Lab_Mobility_Models.m” and examine source code to identify: 

environment type, mobility model under consideration, speed of the UE, 

multipath models, and change of vector probability for UE along with maximum 

angle change of direction. 

2. Use help command to get description of the script (“help 

Lab_Mobility_Models”). 

3. Run the script with the predefined parameters. 

4. Modify the initial parameters: 

a. “environmentType” 

b. “multipathModel” 

c. “numUE” 

d. “moblityModel”:  

e. “speed”: 

5. Describe the influence of each parameter on the movement of the UE in the 

form of a table with two columns: Parameter and Influence on UE. Also consider 

the scenario where you have: 

a. same “speed” for all UEs 

b. different “speed” for all UEs 

6. Describe the difference between the two predefined mobility models in the 

script. Are these mobility models suitable for comparing real life scenarios? 

Explain why or why not. 

5.2 Examination of the Small scale Effects – Multipath Chan-

nels 

1. Open the script “Lab_SmallScaleEffects.m” and identify: environment type, 

mobility model,  speed of the UE, multipath models under consideration, change 

of vector probability for UE, maximum angle change of direction and plotting of 

time and frequency response. 

2. Use help command to get description of the script (“help 

Lab_SmallScaleEffects”). 

3. Run the script with the predefined settings. 

4. Modify the initial parameters and observe the impact of different mobility 
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conditions with the multipath models on the impulse and frequency response 

5. Examine the impact of: 

a. the different multipath models 

b. same “speed” for all UEs 

c. different “speed” for all UEs 

on the impulse and frequency response of each subframe 

6. Answer for the questions: 

a. Which multipath model is better for transmission and why? 

b. Why the impulse and frequency response of Winner model are 

significantly different from other multipath models? 

c. What is the impact of mobility of a user (speed, mobility model) on the 

impulse and frequency response for a particular multipath model? 

5.3 Examination of the Large scale Effects – Pathloss, Shadow-

ing and Antenna Gain 

1. Open the script “Lab_LargeScaleEffects.m” and identify: environment type, 

propagation model under consideration, base station antenna characteristics and 

plotting of pathloss and shadowing effects. 

2. Use help command to get description of the script (“help 

Lab_LargeScaleEffects”). 

3. Run the script with the predefined settings. 

4. Modify the initial parameters: 

a. “freq”  - Transmission frequency of the LTE system 

b. “antennaChar” - base station antenna characteristics 

c. “pathlossModel” - Propagation models 

d. “environmentType” - Environment for propagation 

and observe the impact on pathloss and shadowing. 

5. Answer the questions: 

a. Which propagation model is better for transmission and why? 

b. What is the impact of base station antenna characteristics on pathloss 

and shadowing? 
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5.4 Examination of SNIR calculation 

1. Open the script “Lab_SNIR.m” and identify: eNodeB initialization, creation of 

pathloss/shadowing table, UE data generation, Small scale effects calculation, 

interference calculation, radio resource management, downlink and uplink 

transmission and plotting of the SNIR with respect to time and frequency 

resources. 

2. Use help command to get description of the script usage (“help Lab_SNIR”). 

3. Run the script with the predefined settings. 

4. Examine the impact of changing the initial parameters such as: 

a. “pathlossModel” 

b. “mobilityModel” 

c. “speed” 

d. “multipathModel” 

e. “scheduler” 

on the SNIR output results and write them down in your lab reports 

5. Verify if the SNIR results obtained are good for transmission. If not, explain why 

and suggest in your lab reports the possible changes to the parameters. 

6. Answer the questions: 

a. What are the two most important factors influencing the SNIR value in 

the LTE system? 

b. Does the frequency and FFT size impact the SNIR? Explain your answer. 

c. What is scheduling? How does it impact the SNIR distribution? 
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6 Main exercise tasks 

After completion of the tasks mentioned in chapter 5, the student shall write his 

own files realizing the following tasks. 

 

NOTE! These tasks can be done in the class or at home or used as a separate project. 

6.1 Examination of the mobility models 

1. Using as the example source code from file “MobilityUserModel.m”1 and using 

“Lab_Mobility_Models”, write a script to implement and simulate a mobility 

model to represent a group mobility model. The mobility model should simulate 

the behaviour of people travelling in public transportation. Copy the source 

code with proper comments and write the characteristics of this mobility model 

in your lab report. 

6.2 Examination of the impact of Small and Large Scale Effects  

1. Using as the example source code from file “Lab_SmallScaleEffects.m” write a 

script that will help compare the Doppler Effect between any two users moving 

at different speeds. Write down your results along with the comparison plots in 

your lab reports. 

2. Explain in your lab reports, how does the multipath model effect the quality of 

transmission in the LTE system and what are the methods used to decrease the 

impact of this effect. 

3. Using the example source code “Lab_LargeScaleEffects.m” and 

“PathlossUserModel.m”2 design the COST 231 Hata model for propagation with 

the given formula: 

𝑃L,urban(𝑑)dB = 46.3 + 33.9 log10(𝑓𝑐) − 13.82 log10(ℎ𝑡) − 𝑎(ℎ𝑟) + (44.9 − 6.55 log10(ℎ𝑡)) log10(𝑑) + 𝐶𝑀 

 
Compare this new model with other models already examined by you with the 

help of plots and write down the advantages and disadvantages of this model 

over others in your lab report. Also copy your code along with relevant com-

ments to your lab report. 

  

                                              
1
 MobilityUserModel.m is a file delivered within LTE MAC Lab package. It can be opened and edited 

simply by using edit(<function_name>) function from MATLAB command window. 
2
 PathlossUserModel.m is also a file delivered within LTE MAC Lab package. 
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6.3 Evaluation of SNIR in LTE system 

1. Using the script “Lab_SNIR.m” evaluate in the form of a detailed analysis the 

impact of SNIR values on the functioning of scheduling algorithms and 

determine which scheduler is more effective.  

2. Using the script “Lab_SNIR.m” design a new script that calculates the throughput 

for each user in the simulation. Attach your code to the lab report with relevant 

comments along with the formulas used. 

3. Describe in detail how Modulation and Coding Scheme (MCS) gets effected by 

the calculated SNIR values and the role SNIR plays in adaptive modulation and 

coding in the LTE system. 
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7 Test questions  

After all the tasks are fulfilled, the student shall answer for these questions in 

the report: 

 

1. List down and explain any four mobility models which are used nowadays? 

2. List the four categories for UE speed used for defining user mobility. 

3. Draw a diagram describing the Walfish-Ikegami model. 

4. How does the environment type play an important role in simulation of LTE 

system? 

5. Define shadowing and pathloss effect. Describe the influence of each on the 

propagation of radio signals. 

6. Explain the following terms: 

a. Rayleigh distribution 

b. Doppler Effect 

c. Multipath Propagation 

d. Interference 

7. What are the main factors influencing the SNIR value?  

8. What is the impact of SNIR on: 

a. Resource allocation 

b. Modulation and Coding 

9. Describe the relation between SNIR and throughput. 
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8 Report content 

The report shall include: 

 answers for questions from chapters 5 and 6; 

 required descriptions from chapters 5 and 6; 

 required plots / simulation results and source codes from chapters 5 and 6; 

 answers for questions from chapter 7; 

 required block diagrams from chapter 7; 

 related conclusions and observations from the exercise. 

 

The example report header is presented below: 

 

Wireless communication course 

Exercise title: “Radio Conditions and System Environment in the 
LTE System” 

Group ID: Students’ names: 
1. 
2. 
3. 
4. 

Date and time of the exercise: 

Student providing report: Date of the report: Grade and lecturer signature: 
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About IS-Wireless 

IS-Wireless (www.is-wireless.com) is a Polish software developer and IP provider spe-
cializing in advanced solutions for wireless systems. IS-Wireless develops 4G and 5G 
algorithms, protocols and tools. Our clients are primarily early technology adopters in-
cluding ODMs, OEMs, chip vendors, and operators. We operate globally delivering our 
services to companies and organizations from Europe, USA, Africa and Asia. The com-
pany is engaged in EU FP7 projects on 5G and is active in delivering technical courses 
on advanced telecom. 
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