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ABSTRACT 

Cellular systems are very promising to support Machine-to-Machine (M2M) communications due 

to their ubiquitous coverage and seamless connectivity. But, all of the cellular networks are 

designed and optimized for Human-to-Human (H2H) or Human-to-Machine (H2M) 

communications and therefore facing several challenges due to incorporation of M2M 

communications. One of such challenges is efficient allocation of resource to M2M and H2H 

applications or devices without violating their quality of service requirements. In order to address 

this challenge, we have developed a QoS-aware resource allocation algorithm (DEP) that ensures 

that the limited radio resources (resource blocks) are effectively allocated to devices in the 

network. In this project, we have classified all H2H and M2M services into groups based on delay 

sensitivity, error tolerance and priority where delay sensitivity is a major concern in conversational 

services (voice) in Human to Human communication, error tolerance is an important requirement 

for data transferring services and priority is an essential feature of M2M services. 

We then came up with the code of the algorithm from a flow chart which we designed basing on 

groups of differing QoS requirements as shown in chapter 4. 

We evaluated the performance of our algorithm from simulation results using various metrics such 

as packet loss, system throughput and average number of successfully allocated devices while 

comparing with existing scheduling algorithms without grouping.  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

There has been a tremendous growth in capabilities of computing machines in the last decade 

which makes it possible for gadgets to interact with each other directly without any human 

intervention. This gives birth to Machine Type Communication (MTC) [1], which refer to allowing 

direct communications between electronic devices, or from MTC devices to central MTC-based 

servers using fixed or wireless networks. MTC devices can find their usage in smart meters, 

intelligent transportation systems, health sector (via telehealth services) and many others [2]. MTC 

has different characteristics such as smaller packet sizes, frequent transmission and diverse 

Quality-of-Service (QoS) requirements. Thereby the incorporation of MTC devices into existing 

HTC oriented cellular networks bring its own set of challenges, for instance, in terms of creating 

a communication channel for MTC devices [1]. One way to achieve this was to setup an optimized 

wireless network that will service the MTC traffic. But, designing such network may necessitate a 

huge amount of cost and resources. For this reason, it has been advocated [1] that the existing 

wireless network will be used for combined HTC and MTC traffic. However, in doing so, 

challenging issues such as assigning the limited radio resources to both HTC and MTC without 

their quality of service (QoS) degradation have to be addressed.  

Some of the proposed approaches by researchers to solve such a problem include; the use of MTC 

gateways, the use of MTCDs as relays between eNodeB and other devices [3], MTC clustering 

and data aggregation [4]and some of the proposed scheduling algorithms are; clustering based 

radio resource algorithm, uplink scheduling algorithm, Device Group Algorithm (DGA) [5], A 

group-based authentication and key agreement (GAKA) [6], and many others. 

For our project, we have developed a QoS-aware resource allocation algorithm (DEP) which is 

based on delay sensitivity of devices, error tolerance and priority that guarantee Quality of Service 

of MTC devices. 
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Figure 1-1 an illustration of LTE-A network which considers M2M/H2H coexistence

  

1.2 Problem statement  

The fast growth of Machine Type Communications (MTC) and its integration in the cellular 

network presents the challenge of allocating the limited number of radio resources between Human 

to Human and Machine to Machine devices without violating their Quality of Service 

requirements. 

1.3 Objectives 

1.3.1 Main objective 

To design and develop a resource allocation algorithm  for Machine Type Communications  taking 

into account of the diversity of their Quality of Service (QoS) requirements. 
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1.3.2 Specific objectives 

• To analyze some of the existing proposed solutions to challenges in resource allocation for 

Machine Type Communications.   

• To come up with flow charts for algorithm flow.  

• To write the Pseudo code for the algorithm. 

• To simulate and evaluate the performance of our algorithm. 

1.4 Project scope  

1.4.1 Contextual scope 

 This project focuses on designing of a resource allocation algorithm that provides a solution to 

the challenges that where not addressed in the previous existing literature as listed in the literature 

review of chapter 2.  

1.4.2 Geographical scope  

This project is mainly on Uganda since the number machine type communication applications are 

being used almost everywhere in our day today life for example, in industrial monitoring systems, 

our homes (IP surveillance, smart water meters, and many others), in the health sector (such as 

intensive care units) among others. Addressing how these can be served along with HTH 

communications in the same network while satisfying their QoS requirements is very vital. 
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CHAPTER 2: LITERATURE REVIEW  

2.1 Introduction 

This chapter is organized as follows, first it describes the key terms of our project that is to say; 

Machine Type Communication, Quality of Service and Resource allocation, and then what has 

been done as far as resource allocation for MTC is concerned. Reviewing of the literature was 

mainly to analyze the existing work related to our project which we carried out basically by reading 

research papers, textbooks, journals and conference papers. 

2.1.1 Machine Type Communication 

Machine Type Communications (Machine Type Communications (MTC) refers to the broad area 

of wireless communication with sensors, actuators, physical objects and other devices not directly 

operated by humans. It can be communications among electronic devices, dubbed MTC devices, 

and communications from MTC devices to a central MTC server or a set of MTC servers. 

Communications can use both wireless and fixed networks. MTC will connect a potential number 

of MTC devices to the Internet and other networks, forming Internet of Things (or Internet of 

Objects). 

2.1.2 Quality of Service 

Quality of service (QoS) is defined as the capability to provide resource assurance and service 

differentiation in a network [7]. QoS brings the ability of giving different priorities to various 

users, applications and data flows, frames or packets based on their requirements by controlling 

the resource sharing and hence a higher level of performance over others can be provided through 

a set of measurable service parameters such as delay, jitter, available bandwidth, and packet loss. 

QoS helps to manage packet loss, delay and jitter on the network infrastructure. Delay: this is the 

time a packet takes to travel from the source to the destination, Jitter: this is the variation in delay 

6 Packet loss: this refers to the number of packets that are unable to make it to the destination 

2.1.3 Resource Allocation 

 Resource allocation is the assignment of physical parameters necessary to support a signal 

waveform transporting end user information. It plays a significant role in mitigating interference 

in wireless networks. In wireless communication the channel is the medium of transmission of the 

signal and it is open space. It consists of time slots, frequency bands and noise. 
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2.2 Existing work 

The incorporation of MTC devices into existing HTC oriented cellular network with different 

MTC characteristics such as smaller packet sizes, frequent transmission and diverse Quality-of 

Service (QoS) requirements has brought its own set of challenges in the cellular networks [8], 

which include; First, M2M devices generate small amount of data, in contrast to H2H 

communication with high data rates, the size of the signaling packets used in the random access 

procedure and at higher layers is much larger than that of the payload to be sent by M2M devices, 

resulting in low efficiency. Second, the number of M2M devices within a cell can be significantly 

large and the large number of M2M devices trying to access eNodeB within a short period of time 

results in severe congestion. Third, the uplink-to-downlink ratio for M2M devices is much larger 

than that of H2H communications, the large size of signaling packets required to request the 

transmission of small size data packets also decreases the efficiency of the network. Fourth, M2M 

devices usually require high energy efficiency due to battery dependent operation and wide range 

of quality-of service (QoS) performance in terms of delay and reliability. The lack of consideration 

of these constraints in LTE results in suboptimal performance. Finally, M2M devices generate data 

at mostly predetermined times, in mostly periodic manner, at predetermined locations with low or 

no mobility as opposed to highly mobile and unpredictable H2H devices. These features have been 

exploited only in a limited manner in the previous literature as listed below in existing work.  

Studies that focused on increasing the success rate and decreasing the delay of M2M devices due 

to the high number of accessing devices were conducted. These works mostly analyzed and 

optimized the candidate 3GPP solutions for controlling RAN (Radio Access Network) overload 

[9], which include; access class barring (ACB), random access resource separation and M2M 

specific backoff and slotted access methods. ACB methods aimed at minimizing the congestion 

for the higher priority devices by the optimization and transmission of the ACB related parameters, 

including a probability factor and barring timer for different classes, by eNodeB in case of network 

load [10] [11]. Apart from 3GPP solutions, novel mechanisms have also been proposed to solve 

overload control problem introduced by massive M2M accesses. In [12] novel preamble collision 

resolution rather than collision avoidance for massive number of M2M devices was proposed and 

in [13],  the transmission of the small M2M data into the random access process by attaching data 

to connection setup request message in the third stage to minimize delay was embed. A self-

optimization framework in [14] was also proposed to achieve maximum M2M throughput based 
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on the adaptation of the resource block composition and access barring parameter according to the 

amount of available resource blocks and M2M traffic load. All of these methods aim to improve 

the delay, throughput and success rate of M2M transmissions, however fail to provide any QoS 

guarantees as they employ a random access procedure. 

 Another set of prior studies were focused on the dynamic scheduling of M2M communications at 

each Transmission Time Interval (TTI) based on the assumption that BS knows their channel 

conditions, data backlog states and delay tolerance as descried in [15], But also these didn’t work. 

Other approaches that where proposed include; 

Class based dynamic priority scheduling g algorithm for uplink to support MTC in LTE [16], in 

this, four classes were defined into which all applications were categorized. A utility function was 

associated with each class where user utility was a function of achievable data rate. The main aim 

of this approach was to maximize the aggregate throughput by maximizing the aggregate utility. 

But, in this approach fairness of a device was ignored. As a result of this, if a device has delay 

intolerant data but scheduling this device does not increase aggregate throughput (if channel 

quality of a device is bad) then this device may not be scheduled at all. Similarly, device having 

weak signal strength may not be scheduled. 

Uplink scheduling for MTC in LTE- based cellular systems [17] , in this two scheduling 

algorithms were proposed for allocating resources between H2H and M2M flows in LTE. Both 

algorithms give first priority to H2H flows. After the allocation of radio Resource Blocks (RBs) 

to the H2H flows, the remaining RBs are allocated to M2M flows. The first algorithm gives higher 

priority to the SINR value at a RB with respect to M2M device, in comparison to delay tolerance 

level during the allocation of RBs to M2M devices. The second algorithm gives higher priority to 

delay tolerance level than the SINR value. The main drawback of these algorithms is that they do 

not allocate RBs to M2M flows based on the applications they belong to. It does not differentiate 

the delay tolerant and delay intolerant M2M flows and therefore efficient allocation of RBs in not 

done.  

Toward Ubiquitous Massive Accesses in 3GPP Machine-to-Machine Communications [18]. In 

this, the authors proposed the concept of clustering of M2M devices. The parameters used to 

assign a cluster to an M2M device are packet arrival rate and maximum tolerable jitter. It means 
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that if both cluster and device have identical values of above parameters then device will belong 

to that particular cluster. A cluster will be given higher priority if its packet arrival rate is more. 

If priority of a cluster is high then it will get preference during allocation of resources. But this 

approach ignores other QoS characteristics such as delay requirement and reliability.  

In our algorithm, Both M2M and H2H services are categorized basing on three main parameters 

that is to say, delay sensitivity, accuracy and priority and resources (RBs) are allocated to devices 

depending on the class they are belonging to. 
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CHAPTER 3: METHODOLOGY 

During the season of designing and developing QoS-aware resource allocation algorithm for MTC 

devices, we used the following methodology. 

 

 

Figure 3-1 an illustration of the methodology. 

3.1 Analysis of related work  

In this, we carried out research on project by reading conference papers, having interviews with, 

our supervisors and also having discussions amongst ourselves. This enabled us to have a clear 

picture of our project and also designing it accordingly. 

3.1.1 Choosing the project Scope 

After carrying out research, we identified our scope and processed with designing of the algorithm 

Analysis of related work

Algorithm Design and development

Simulation and Analysis of results

Documentation of the project
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3.2 Algorithm Design and development 

This involved coming up with the flow chart basing on categorization of M2M and H2H services 

and also writing the pseudo code for the algorithm as it is in chapter 4  

3.3 Simulation and Analysis of results 

We used Matlab software to simulate the code and generate the results which we used to evaluate 

our project. Matlab is a programming platform designed specifically for engineers and scientists 

to analyze and design systems and products that transform our world. 

Matlab can do the following; 

1. Analyze data 

2. Develop algorithms 

3. Create models and applications 

 3.4 Documentation of the project 

The project is compiled into a report that is submitted to the Department of Electrical and 

Computer Engineering Makerere University. 
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CHAPTER 4: SYSTEM MODEL AND ARCHITECTURE 

4.1 M2M and H2H service categorization  

Both M2M and H2H services can be categorized basing on three main parameters i.e. delay 

sensitivity, error tolerance and priority where delay sensitivity is a major concern in conversational 

services( voice) in Human to Human communication, error tolerance is an important requirement 

for data transferring  services and priority is an essential feature of M2M services. 

 4.1.1 M2M categorizes 

Based on the traffic characteristics of M2M devices, all the M2M services can be grouped into five 

classes namely; mobile streaming, smart metering, regular monitoring, emergency alerting and 

mobile POS (Point Of Sale). 

Mobile Streaming services are error tolerant, because the video displayed to the eye and ear is 

error tolerant. 

The smart metering packet service is sensitive to the data accuracy, and is tolerant to the delay. 

In regular monitoring priority of transmission is low, may be rejected at the congestion situation. 

Real-time transmission is not required, but error tolerance of data is required.  

 For emergency alerting, the priority of transmission is high, because such services always happen 

in emergency situation, the messages need to be sent to the service center in the shortest time, and 

the accuracy of the data is required.  

In Mobile POS, priority of transmission is low. Because the service is on-site trading, the accuracy 

of the data is highly requested and the real-time will not be required. 

4.1.2 H2H QoS Classes  

According to Universal mobile Telecommunication System (UMTS) [19], there are four different 

QoS classes in H2H network that is to say: - a conversational class, streaming class, interactive 

class, and background class. The main distinguishing factor between these QoS classes is their 

sensitivity to delay. 

Examples of traffic in each of the classes 

Conversational class: - voice 

Streaming class: - streaming and video 
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Interactive class: - web browsing 

Back ground class: - email 

The attributes of the convectional class are stringent and low delay and they require a delay 

variation, the streaming class requires delay variation, then interactive class has high error 

tolerance and request response. Lastly the back ground class requires accuracy. 

4.1.3 Combining the M2M and H2H service categories 

Mobile steaming in M2M will be merged with the streaming class in H2H since both require delay 

and variation, Mobile POS of M2M will be merged with the interactive class of H2H since both 

require less error tolerance, Smart metering in M2M will be merged with the back ground class of 

H2H because they only require (error tolerance) accuracy, Emergency alerting, Regular 

monitoring of M2M and conversational class of H2H cannot be merged because of their difference 

in the QoS attributes. 

The above combinations form subgroups that are under the broader categorization of both MTC 

and HTC services based on delay sensitivity, error tolerance and priority as depicted in the table 

below. 

Class Delay sensitivity Error tolerant Priority MTC service class HTC service class 

 1 1 1 Emergency alerting  

1 1 0 Mobile POS Interactive 

1 0 1  Conversational 

1 0 0 Mobile streaming streaming 

 0 1 1   

0 1 0 Smart metering Back ground 

0 0 1   

0 0 0 Regular monitoring  

Table 4-1 A table showing MTC & HTC service request categorization. 

A 

B 
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With 1 representing a high meaning that the attribute is key for that particular service and a 0 to 

representing low meaning that the attribute is of less importance for that particular service request. 

4.2 Flow chart for resource allocation 

 

Figure 4-1: Flow chat for resource allocation 

Where  

DS – Delay Sensitive           P – Priority                       GA – Gateway Access           

DA – Direct Access              E –  Error tolerance            DT – Delay Tolerant 
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4.3 DEP Scheduling Algorithm  

This show how the algorithm flow 

 

Algorithm: DEP scheduling algorithm 

Input: Set R of all requests for RBs that came in a TTI 

Output: Allocation of RBs to requests with QoS guarantees 

1: RAT = Number of Available RBs  

2: N = [N1; N2;:::; Nn]; 

3: while N! = zeros (1; n) do 

4: Dmax = maximum delay for each requests  

5: Categorize requests 

6 i= 0 {to keep track of iterations} 

7: while RAT > 0 do 

8:  RAG & RAD = Total Resources for Gate way access & for Direct access 

9:  RNG & RND = Resources need for Gate way access & for Direct access  

10:   if RND < RAD then  

11:         allocate Resources 

12:      calculate Execution time. 

13:       calculate remaining resource blocks. 

 14: else  

15:          if RNG <RAG  

16:         allocate Resources 

17:          calculate Execution time. 

18:           calculate remaining resource blocks 

 19:                end 

20:            end 

 21:    end 

22: end 
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4.4 Simulation Parameters  

The parameters we used for simulation are: 

 Parameter 

 

Value 

Number of eNBs 1 

Simulation time (TTI) 60s 

Number of runs 30 

Number of PRBs 50 

Number of devices  30 

Total number of packets sent 240 

Delay  150-300ms 

Table 4-2: A table showing Simulation Parameters 
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CHAPTER 5: RESULTS 

This section shows the results we obtained after simulating the code for the algorithm as shown 

below; 

Table showing packets lost with and without the algorithm (DEP) 

 

Figure 5-1: Showing a table of the average number packets lost during transmission. 
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Below are graphs showing the results we obtained after simulating. In the first and the last graphs, 

a blue curve represents our DEP algorithm and the red curve represents the simulation when 

algorithm is not applied while in the second graph, the red curve represents the simulation with 

our DEP algorithm and a blue curve is for simulation when algorithm is not applied. 

 

 

Figure 5-2: A graph showing Average number of packet loss 
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Figure 5-3: A graph showing percentage of the average number of devices allocated 

successfully. 
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Figure 5-4: A graph showing the average throughput 

 

 

 

 

 



19 
 

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

6.1 Recommendation 

If our algorithm is adopted by the telecommunication company and integrated into existing 

networking architecture, QoS for MTCs will be guaranteed. Meaning, the experience of the 

subscribers is ensured and the network will also be prevented from congestion when amounts of 

users accessing the network at the same time increases. 

6.2 Problems Encountered  

a. Covid-19 pandemic forced me and my partner to work online yet internet connectivity was poor 

due to poor network in our different locales.  

b. Not knowing how to use Matlab software, this gave us a push back because we took more time 

to learn how to use it compared to the time we had scheduled it for.  

 

6.3 Future works 

• Power allocation for MTC devices based on our categorization of devices. 

• Implementation of the DEP on physical network. 

6.4 Conclusion 

 DEP scheduling algorithm we have developed in this project guarantees QoS for both delay 

sensitive and delay tolerant network applications of both machine type communications and 

human type communications by ensuring a reduction in the average number of packets lost during 

transmission and an increase in the number of devices that are allocated resources successfully. 

 Simulations results show that DEP performs much better than the existing approaches where 

device grouping was not employed. 
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APPENDICES  

Appendix A: Project code 

% WITH OUT THE ALGORITHM 

yy1= [] % initialize your matrix/vector 

kk1= [] % initialize your matrix/vector 

hh1= [] % initialize your matrix/vector 

    for h=6:30  

global RAD RAG  RAT K EXT RND RATE BW tput KP TP TPAV counter PL TPL 

 

RAT= 50; 

RB=10; 

n=3; 

RAD=16; 

RAG=34; 

counter=0; 

count=0 

for j=1:h 

x = int32(randi([0, 1], [1, n])); 

 i=1; 

     

      disp(['The request is coming from : [' num2str(x(:).') ']']) ; 

       

      KP(i)=int32(randi([0,1])); 

      K(i)=KP + 0.5; 

         RND(i)=double(randi([15,50])); 

               fprintf('The Resources  needed for transmission are %d.\n', RND(i)); 

          if RND(i)<=RAT 

              EXT(i)=int32(randi([1,10])); 

             BW(i)=((RND/RAT)*RB); 
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             RATE(i)=(1/K)*(BW(i)/EXT(i)); 

             fprintf('The rate is %d.\n', RATE(i)); 

             tput(i)=(RND(i)/EXT(i)); 

             fprintf('The throughput is %d.\n', tput(i)); 

             RAT(i)=RAT-RND(i) 

             fprintf('The Resources  available for the next Direct access are %d.\n', RAD(i)); 

            

disp('*************************************************************************

*******'); 

          count(i)= count+1 

          else 

              RAT(i)=RAT; 

              counter(i)=counter+1; 

            disp('Packect dropped for retransmission ');   

            

disp('*************************************************************************

*******'); 

          

          end 

          PA=count(i); 

          TPA=sum(PA) 

    PL= counter(i); 

    TPL=sum(PL); 

    TP=tput(i); 

    TPAV=mean(TP); 

i=i+1; 

j=j+1; 

end 

 fprintf('The average throughput is %d.\n', TPAV); 

 fprintf('The total number of packets lost is %d.\n', TPL); 

 TPAV(h)= TPAV; 
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 TPL(h)= TPL; 

   yy1= [yy1,TPAV(h)]; 

   kk1 = [kk1,TPL(h)]; 

   hh1 = [hh1,h]; 

    end 

disp(['The average throughput is : [' num2str(yy1(:).') ']']) ; 

disp(['The total Packets lost is : [' num2str(kk1(:).') ']']) ; 

disp(['The number of UEs simulated is : [' num2str(hh1(:).') ']']) ; 

table1 = table(hh1(:),yy1(:),kk1(:),'VariableNames',["number of devices","average 

throughput","number of packets lost"]); 

 kkk=smooth(kk1) 

plot(hh1,kkk); 

title('Packet loss Vs number of Devices'); 

xlabel('Number of devices'); 

ylabel('Packets lost'); 

% figure 

% plot(hh1,yy1); 

% title('Average Vs number of Devices'); 

% xlabel('Number of devices'); 

% ylabel('Average throughput'); 

 

 

 

 

% WITH THE DEP SCHEDULING ALGORITHM 

 

% for g=1:3 
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yy= [] % initialize your matrix/vector 

kk= [] % initialize your matrix/vector 

hh= [] % initialize your matrix/vector 

TH= [] % initialize your matrix/vector 

TH1= [] % initialize your matrix/vector 

    for h=6:30  

global RAD RAG  RAT K EXT RND RATE BW tput KP TP TPAV counter PL TPL RB APL 

RB=10; 

RAT= 50; 

n=3; 

RAD=16; 

RAG=34; 

counter=0; 

count=0; 

for j=1:h 

x = int32(randi([0, 1], [1, n])); 

 i=1; 

    if (x(:,1 )&&x(:,2 )&&x(:,3 )==1) || ((x(:,1 )==1)&&(x(:,2 )==0)&&(x(:,3 )==1)) 

     ax=x; 

      disp(['The request is coming from : [' num2str(ax(:).') ']']) ; 

      disp('Is delay  sensitve  Device ---> DIRECT ACCESS'); 

      KP(i)=int32(randi([0,1])); 

      K(i)=KP + 0.5; 

         RND(i)=double(randi([1,9])); 

               fprintf('The Resources  needed for transmission through DIRECT ACCESS are %d.\n', 

RND(i)); 

          if RND(i)<=RAD 

              EXT(i)=int32(randi([1,5])); 

             BW(i)=((RND/RAD)*RB); 

             RATE(i)=(1/K)*(BW(i)/EXT(i)); 

             fprintf('The rate is %d.\n', RATE(i)); 
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             tput(i)=(BW(i)/EXT(i)); 

             fprintf('The throughput is %d.\n', tput(i)); 

             RAD(i)=RAD-RND(i) 

             fprintf('The Resources  available for the next Direct access are %d.\n', RAD(i)); 

            

disp('*************************************************************************

*******'); 

           count(i)= count+1 

          else 

              RAD(i)=RAD; 

              counter(i)=counter+1; 

            disp('Packect dropped for retransmission ');   

            

disp('*************************************************************************

*******'); 

          end 

    elseif ((x(:,1 )==1)&&(x(:,2 )==1)&&(x(:,3 )==0)) || ((x(:,1 )==1)&&(x(:,2 )==0)&&(x(:,3 

)==0)) 

     

         bx=x; 

     disp(['The request is coming from : [' num2str(bx(:).') ']']) ; 

disp('Is delay  sensitve  Device ---> GATEWAY ACESS'); 

      KP(i)=int32(randi([0,1])); 

      K(i)=KP + 0.5; 

           RNG(i)=double(randi([1,20])); 

             fprintf('The Resources  needed for transmission through the GATEWAY are %d.\n', 

RNG(i)); 

           if RNG(i)<=RAG 

              EXT(i)=int32(randi([1,5])); 

             BW(i)=((RNG/RAG(i))*RB); 

             RATE(i)=(1/K)*(BW(i)/EXT(i)); 
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            fprintf('The rate is %d.\n', RATE(i)); 

             tput(i)=(BW(i)/EXT(i)); 

              fprintf('The throughput is %d.\n', tput(i)); 

             RAG(i)=RAG-RNG(i) 

             fprintf('The Resources  available for the next Gateway access are %d.\n', RAG(i));  

             

disp('*************************************************************************

*******'); 

            count(i)= count+1 

           else 

              RAG(i)=RAG; 

              counter(i)=counter+1; 

               disp('Packect dropped for retransmission '); 

              

disp('*************************************************************************

*******'); 

    end 

                    cx=x; 

     disp(['The request is coming from : [' num2str(cx(:).') ']']) ; 

disp('Is delay  Tolerant  Device ---> GATEWAY ACESS'); 

      KP(i)=int32(randi([0,1])); 

      K(i)=KP + 0.5; 

           RNG(i)=double(randi([1,25])); 

            fprintf('The Resources  needed for transmission through the GATEWAY are %d.\n', 

RNG(i)); 

           if RNG(i)<=RAG 

              EXT(i)=int32(randi([1,5])); 

             BW(i)=((RNG/RAG)*RB); 

             RATE(i)=(1/K)*(BW(i)/EXT(i)); 

              fprintf('The rate is %d.\n', RATE(i)); 

             tput(i)=(BW(i)/EXT(i)); 
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              fprintf('The throughput is %d.\n', tput(i)); 

             RAG(i)=RAG-RNG(i) 

              fprintf('The Resources  available forthe next Gateway access are %d.\n', RAG(i));    

              

disp('*************************************************************************

*******'); 

           count(i)= count+1 

           else 

              RAG(i)=RAG; 

              counter(i)=counter+1; 

               disp('Packect dropped for retransmission '); 

              

disp('*************************************************************************

*******'); 

           end 

    end 

    PL= counter(i); 

    TPL=sum(PL); 

    APL=mean(PL); 

    TP=tput(i); 

    TPAV=mean(TP); 

i=i+1; 

j=j+1; 

end 

 fprintf('The average throughput is %d.\n', TPAV); 

 fprintf('The total number of packets lost is %d.\n', APL); 

 TPAV(h)= TPAV; 

 APL(h)= APL; 

  

  

   yy = [yy,TPAV(h)]; 
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   kk = [kk,APL(h)]; 

   hh = [hh,h]; 

    end 

%     sy=sum(yy) 

%     syy=sum(yyy) 

%     sk=sum(kk) 

%     skk=sum(kkk) 

%     sh=sum(hh) 

%   T = table(h,TPAV(h),TPL(h),'VariableNames',{'Number of UEs','Average 

Throughput','Total Packet loss'}); 

%  disp(T); 

 

disp(['The average throughput is : [' num2str(yy(:).') ']']) ; 

disp(['The total Packets lost is : [' num2str(kk(:).') ']']) ; 

disp(['The number of UEs simulated is : [' num2str(hh(:).') ']']) ; 

table1 = table(hh(:),yy(:),kk(:),'VariableNames',["number of devices","average 

throughput","number of packets lost"]); 

cc=104/6 

TH=cc*(sqrt(kk)); 

TH1=cc*(sqrt(kk1/4)); 

% disp(['The average throughput is : [' num2str(TH(:).') ']']) ; 

% disp(sy) 

% disp(syy) 

% disp(sk) 

% disp(skk) 

% disp(sh) 

plot(hh,kk); 

title('Packet loss Vs number of Devices'); 

xlabel('Number of devices'); 

ylabel('Packets lost'); 
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kkk=smooth(kk); 

kkkk=smooth(kk1); 

plot(hh,kkk,hh,kkkk); 

title('Packet loss Vs number of Devices'); 

legend('With DRPalgorithm','Without algorithm'); 

legend('Position',[0.53748,0.75886,0.17025,0.094005]); 

xlabel('Number of devices'); 

ylabel('Packet loss'); 

plot(hh,smooth(y1),hh,smooth(y3)) 

ylim([10 100]) 

title(' Average of allocated devices Vs number of Devices'); 

xlabel('Number of devices'); 

ylabel('pecentage of devives'); 

legend('With the DEP algorithm','Without the algorithm'); 

legend('Position',[0.53748,0.75886,0.17025,0.094005]); 

 

yyy2=smooth(TH); 

yyyy2=smooth(TH1); 

plot(hh,yyy2,hh,yyyy2); 

title('Throughput Vs number of Devices'); 

legend('With DRPalgorithm','Without algorithm'); 

legend('Position',[0.53748,0.75886,0.17025,0.094005]); 

xlabel('Number of devices'); 

ylabel('Average throughput'); 
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Appendix B: Project Simulation  

Appendix B 1: Snippet for Matlab online version  
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Appendix B 2: Snippet from simulation without the DEP algorithm 

 

 

 

Appendix B 3: Snippet from simulation with the DEP algorithm 
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