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DISCLAIMER 
 

PLEASE READ ALL TERMS AND CONDITIONS OF THE LICENSE AGREEMENT BEFORE 
CONTINUING. USING OUR SOFTWARE INDICATES YOUR ACCEPTANCE OF THIS 
AGREEMENT. IF YOU DO NOT AGREE TO THE TERMS AND CONDITIONS, REMOVE THE 
SOFTWARE FROM ALL YOUR SYSTEMS. 
 
THIS SOFTWARE AND DOCUMENTATION ARE PROVIDED BY IS-WIRELESS "AS IS" AND 
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. 
 
IS-WIRELESS, the IS-Wireless logo and other designated brands included herein are trade-
marks of IS-Wireless. All other trademarks are the property of their respective owners.  
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1 Exercise target 

The aim of this exercise is to familiarize the students with the various scheduling algo-

rithms that can be implemented in the LTE network. During this exercise we shall focus 

and evaluate the scheduling algorithms for LTE downlink.. 

After this exercise student shall be able to understand the basic idea about scheduling 

and the different algorithms involved along with an insight on Link Adaptation (LA) and 

Adaptive Modulation and Coding (AMC). 

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 

 General concept about Scheduling  

 Quality of Service (QoS) 

 Channel Quality Indicator (CQI) 

 Modulation and Coding schemes in LTE 
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3 Theoretical introduction 

3.1 Understanding the concept of scheduling and its importance 

in LTE 

In general terms, scheduling is basically the process of making decisions by a scheduler 

regarding the distribution of various resources (time and frequency) in a telecommuni-

cations system among users. In LTE the scheduling is carried out at eNodeB by dynam-

ic packet scheduler (PS) which decides upon allotment of resources to various users 

under its coverage as well as change of transmission parameters including modulation 

and coding scheme (MCS). As we already know, LTE defines 1 ms subframes as the 

Transmission Time Interval (TTI) resulting in the scheduling of resources every consecu-

tive TTI. It means after every 1 ms the assignment of resources to a particular user 

could change depending upon the radio conditions, which influence the value of CQI 

(Channel Quality Indicator) sent as a feedback by the user to the eNodeB, along with 

QoS and fairness policy adopted by the operator. Only integer numbers of PRBs can be 

assigned to one user. Localized and distributed PRB allocations are possible in the DL. 

Localized allocations assign adjacent RBs to one UE, distributed allocations distribute 

the scheduled RBs over the spectrum with gaps, for example, in order to achieve fre-

quency diversity. An UL PRB has 12 subcarriers on the frequency axis and on the time 

domain it has, seven SC-FDMA symbols per slot when normal cyclic prefix (CP) is used, 

and six SC-FDMA symbols when extended CP is used. In the UL only consecutive allo-

cations are allowed for a particular UE. 

The process of selecting the Modulation and Coding Scheme (MCS) is known as Link 

Adaption (LA). Link adaption along with scheduling of resources is meant to maximize 

the cell capacity, while making sure that the minimum Quality of Service (QoS) re-

quirements are met and there are adequate resources also for best-effort bearers with 

no strict QoS requirements [8]. LA adjusts the data rate with the help of Adaptive 

modulation and coding (AMC) by matching the modulation and the channel coding 

scheme on resources assigned by the scheduler.  

Adaptive modulation and coding (AMC) attempts to match the transmissions from a 

HARQ process to the channel conditions. Under good signal conditions, less redundan-

cy and/or a higher-order modulation format is employed in the initial transmission, en-

abling a higher user data rate for a given bandwidth. Under weak signal conditions, 

more redundancy bits are used and/or a lower-order modulation format is used to im-

prove the probability of reception. However, this lowers the user data rate. If the error 

rate is zero, then it is likely that too much protection is being applied. Alternatively, if 

insufficient protection is applied, the same data will be retransmitted, effectively wast-

http://www.is-wireless.com/
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ing valuable network resources. The ideal situation is where data throughput is maxim-

ized at an error rate that is relatively low but greater than zero. 

As with earlier networks, the LTE eNodeB decides on the modulation coding scheme 

(MCS), depending on information the UE sends in the channel quality indicator (CQI). 

In situations with advantageous channel conditions, AMC selects a higher modulation 

order and coding rate and vice versa. The scheduling algorithms are designed to 

achieve highest throughput rates for all users with different radio conditions. 

Hybrid automatic repeat request (hybrid ARQ or HARQ) is a combination of high-rate 

forward error-correcting coding and ARQ error-control. In standard ARQ, redundant 

bits are added to data to be transmitted using an error-detecting (ED) code such as a 

cyclic redundancy check (CRC). Receivers detecting a corrupted message will request 

the message anew from the sender. In Hybrid ARQ, the original data is encoded with a 

forward error correction (FEC) code, and the parity bits are either immediately sent 

along with the message or only transmitted upon request when a receiver detects an 

erroneous message. The ED code may be omitted when a code is used that can per-

form both forward error correction (FEC) in addition to error detection, such as a Reed-

Solomon code. The FEC code is chosen to correct an expected subset of all errors that 

may occur, while the ARQ method is used as a fall-back to correct errors that are un-

correctable using only the redundancy sent in the initial transmission. As a result, hy-

brid ARQ performs better than ordinary ARQ in poor signal conditions, but in its sim-

plest form this comes at the expense of significantly lower throughput in good signal 

conditions. There is typically a signal quality cross-over point below which simple hy-

brid ARQ is better, and above which basic ARQ is better. 

The following Figure 1 shows the Layer 2 functionalities for dynamic packet scheduling, 

link adaptation, and HARQ Management. 

http://www.is-wireless.com/
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Figure 1 Layer 2 functionalities for dynamic packet scheduling, link adaptation, and HARQ Management 

 

3.2 Different Scheduling algorithms 

There are various scheduling methods that have been developed over time to enhance 

the process of scheduling. But during this exercise, we shall be concentrating on partic-

ularly three algorithms which have been implemented in the LTE MAC Lab software 

environment by IS-Wireless. 

Among them are: 

 Round Robin 

 Max SNIR 

 Proportional Fair 

Round Robin Scheduling  

This scheduling method is based on the idea of being fair in the long term by assigning 

equal no. of Physical Resource Blocks (PRBs) to all active UEs. It operates by assigning 

the PRBs to UEs in turn i.e one after another without taking into account their CQI. 

Hence the users are equally scheduled. For e.g. If we have 4 users U1, U2, U3, U4 and 

PRBs, this algorithm will assign the resources in the following manner: U1, U2, U3, U4, 

U1, and U2. It can be illustrated by the following flow chart: 
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Figure 2 Flow Chart for Round Robin Algorithm 

 
The main advantage of this kind of scheduling is the relative ease along with the fair-

ness in terms of number of assigned resources to the different users upon its imple-

mentation whereas the major disadvantage is the fact that it does not take into account 

user CQI feedback, which may lead to lower and unequal throughput. 

Max SNIR Scheduling 

The Max SNIR scheduling algorithm assigns the PRBs to the UE depending upon the 

CQI levels reported to the eNodeB, if the CQI reported for one user is higher than the 

second user, the first user is preferred in terms of allotment of these PRBs. This algo-

rithm helps in improving the user throughput by assigning the PRB to the UE with good 

channel quality as a result enhancing its peak data performance. The scheduling pro-

cess can be seen in flow chart:  
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Figure 3 Flow chart for Max SNIR algorithm 

 

Max SNIR algorithm can increase the cell capacity at the expense of the fairness. In this 

scheduling strategy, UEs located far from the eNodeB (i.e. cell-edge) are unlikely to be 

scheduled.  

Proportional Fair Scheduling 

This algorithm assigns the PRBs to the UE with the best relative channel quality i.e. a 

combination of CQI & desired level of fairness. There are various versions of PF algo-

rithm based on values of CQI and fairness it takes into account. Main goal of this algo-

rithm is to achieve a balance between maximizing the cell throughput and fairness, by 

letting all users to achieve a minimum QoS (Quality of Service). In this scheduling algo-

rithm the priority for each user at each resource block is calculated firstly and then the 

user with maximum priority is assigned the RB and the algorithm continues to assign 

the RB to the user with next maximum priority. This process continues until all RBs are 

assigned or all users have been served with RBs. 
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Figure 4 Flow chart for Proportional Fair Algorithm 

 
The above Figure 4 depicts one of the possible methods of implementing proportional 

fair algorithm. Such an algorithm is designed to be better in terms of average user 

throughput as well as being fair to most of the users and meeting the minimum QoS 

requirements during the scheduling process. 

3.3 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 analysed, 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 

http://www.is-wireless.com/
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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: 

 RRM Module 

 Scheduling Algorithms 

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

 

 
Figure 5 Block diagram for the all the simulations regarding DL scheduling algorithms 

 

 

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 User Equipment (UEs) 1 or 3 

Number of base stations 1 

Bandwidth 3 MHz 

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

Scheduling Algorithms Round Robin, Max SNIR and Proportional Fair 

Simulation length 150 TTI 

Multipath Model 3GPP model 

Environment Type Urban 

http://www.is-wireless.com/
mailto:info@is-wireless.com


  
 
 

 
 

  13 

IS-Wireless (brand of Innovative Solutions)      ul. Pulawska 45b      05-500 Piaseczno      Poland 

www.is-wireless.com       info@is-wireless.com      phone: +48 22 213 8297      fax: +48 22 213 8298 

 

Frequency 850 MHz 

Base Station height 20 m 

Base Station Antenna Characteristic Omnidirectional 

User Equipment height 1.5 m 

BLER 10^(-1) 

FFT Size 256 

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 6, 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 6, 

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

workspace (Figure 6, 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 6 University Suite workspace setup 

 
 
 
 
 
 
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 
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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 7 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 7 Adding specific path to the tools 
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5 “Warm up” exercises 

In this laboratory exercise we will learn about the different scheduling algorithms in the 

DL and UL in the LTE system environment.  

5.1 Examination of the DL Round Robin scheduling algorithm 

1. Open the script „Lab_DLRR.m” and examine source code to identify: environment 

type, mobility model, speed of the UEs, multipath model, the effective SNIR 

values of each user, 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_DLRR”). 

3. Run the script with the predefined parameters and observe the various plots 

which depict the functioning of the scheduling algorithm and its impact on the 

throughput. Copy the plots to your reports and comment on the resource 

allocations and throughput results of the users. 

4. Change the value of “randomSeed” to get different initial conditions. Try to 

create following cases: 

a. same effective SNIR values for all users 

b. same effective SNIR values for two users 

c. different effective SNIR values for all users 

Observe and comment on the results of scheduling obtained with these chang-

es. Also copy the plots of resource allocation and throughput results. 

5. Explain if this algorithm should be/not be implemented in live networks with 

appropriate reasons. Write your answer in the report. 

5.2 Examination of the DL Max SNIR scheduling algorithm 

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

environment type, mobility model, speed of the UEs, multipath model, the 

effective SNIR values of each user, 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_ DLMAXSNIR”). 

3. Run the script with the predefined parameters and observe the various plots 

which depict the functioning of the scheduling algorithm and its impact on the 

throughput. 

4. Change the value of “randomSeed” to get different initial conditions. Try to 

create following cases: 

a. same effective SNIR values for all users 
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b. same effective SNIR values for two users 

c. different effective SNIR values for all users 

Observe and comment on the results of scheduling obtained with these chang-

es. Also copy the plots of resource allocation and throughput results. 

5. Explain if this algorithm should be/not be implemented in live networks with 

appropriate reasons. Write your answer in the report. 

5.3 Examination of the DL Proportional Fair scheduling algo-

rithm 

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

type, mobility model, speed of the UEs, multipath model, the effective SNIR 

values of each user, 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_ DLPF”). 

3. Run the script with the predefined parameters and observe the various plots 

which depict the functioning of the scheduling algorithm and its impact on the 

throughput. 

4. Change the value of “randomSeed” to get different initial conditions. Try to 

create following cases: 

a. same effective SNIR values for all users 

b. same effective SNIR values for two users 

c. different effective SNIR values for all users 

Observe and comment on the results of scheduling obtained with these chang-

es. Also copy the plots of resource allocation and throughput results. 

5. Explain if this algorithm should be/not be implemented in live networks with 

appropriate reasons. Write your answer in the report. 
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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 DL scheduling algorithms 

1. Using the example source code from file “Lab_DLRR.m”, “Lab_DLMAXSNIR.m” and 

“Lab_DLPF.m”, write a script to compare the three algorithms in DL in terms of 

resource distribution (PRB distribution) and throughput with the help of plots. 

Remember to use the same data for each algorithm to get a clear picture. Copy 

the source code with proper comments regarding the performance of each 

algorithm along with the plots in your lab report. Do such a comparison for 

different scenarios and number of users. 

2. Using the example source code from “DLUserScheduler.m”1, design a scheduler 

that schedules at least two consecutive resource blocks as the smallest 

allocation to the users who get scheduled (You can choose the algorithm that 

you would like to implement). Copy the source code with proper comments 

regarding the performance of the algorithm along with the plots in your lab 

report. Include this scheduler in the script you have already designed to 

compare the DL scheduling algorithms and put the plots in your report along 

with your views about the new scheduling algorithm developed. 

  

                                              
1
 DLUserScheduler.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. 
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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 the three main scheduling algorithms in the LTE system 

with the help of flow charts? 

2. What is the time difference between two consecutive scheduling cycles in a LTE 

system? 

3. What is the significance of scheduling in LTE? 

4. How does the: 

a. UE position 

b. effective SNIR value of UE 

influence the process of scheduling in LTE system? 

5. Define and explain how these terms are related to scheduling in LTE:  

a. MCS 

b. AMC 

c. Link Adaptation 

d. CQI 

e. PRB 

6. Describe the relation between number of UEs in the same cell and scheduling. 

Name the factors influencing the probability if a user is being scheduled in a cell. 
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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: “Scheduling Algorithms 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. 

Changelog 

Date Version Who Comment 

25.07.2012 1.0 SP Initial release 

12.12.2014 1.1.0 PR  New versioning scheme (X.Y.Z) of this document 

 New document layout and styles 

03.03.2015 1.1.1 PR  Images in new vector format 

10.09.2015 1.2.0 PR  Change product name from “4G University Suite” to “University Suite” 

 New company logo 

 Updated “About IS-Wireless” chapter 

 Supported software version (on title page) described more precisely 

24.11.2015 1.2.1 PR  New styles applied 

 Supported software version (on title page) described more precisely 

9.08.2016 1.3.0 MB  Description and exercises updated 

 Update for the new software release 

07.06.2017 1.3.1 ŁK  Small text updates. 

 

http://www.is-wireless.com/
mailto:info@is-wireless.com
http://www.is-wireless.com/

