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Abstract 
Network designers are doing their best to develop technologies that provide communica-

tion services to anyone, anywhere, and anytime. Since the mobile traffic is expected to 

increase at Compound Annual Growth Rate (CAGR) of 46% from 2017 to 2022, the 

fifth generation (5G) of mobile communications is becoming a reality; which is support-

ed multimedia applications for a wide range of requirements including: increased data 

rates, reduced latency, improved coverage, and increased energy efficiency. Achieving 

the objectives of the fifth generation requires the use of effective radio resource man-

agement techniques to ensure that priority is given to the requirements of different ser-

vices. Current resource management techniques rely on scheduling algorithms that pro-

vide an optimal allocation of resources to ensure maximum flow rate, but do not take 

into consideration the characteristics of services such as video conferencing and their 

requirements. 

In this paper we propose a resource allocation algorithm that divides the applications 

into three groups according to the application requirements in terms of the data rate. 

We then evaluate the performance of this algorithm on a proposed fifth generation sys-

tem that takes into account previous technologies such as LTE-A, Wi-Fi and WiMAX, as 

well as the latest technologies employed in the fifth generation, including mmWave con-

nections and device to device (D2D) connections. 

Keywords: 5G, D2D, mmWave, resource management, propagation models: Friis, Okumura 

Hata, Cost231. 
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 تقييم أداء نماذج الانتذار على تقنية إدارة المهارد الجديدة في منظهمات الجيل الخامس
 للاترالات النقّالة

 
 4محمد خالد شاهيند.   -    3هلا أمين

 
 الملخص

يبحل مرسسه الذبكات قرارى جيجىم لتطهيخ التقشيات التي تهفخ خجمات الاترال لأي شخص في أي مكان 
بسعجل نسه سشهي مخكب في مشظهمات الاترالات الشقّالة  حخكة السخورالستهقع  في ج ياتد للي أي وقت. نظخًا وف
(CAGR ) فقج أصبح الجيل الخامذ  7177عام  وحتى 7102من عام  %64 يرل إلى ،G5  من

: زيادة معجلات وذلك لجعسو متطلبات تطبيقات الهسائط الستعجدة الستسثلة بـ؛ حقيقة واقعة الشقّالةالاترالات 
ىجاف الجيل الخامذ ، وزيادة كفاءة الطاقة. يتطلب تحقيق أ ، وتحدين التغطيةالتلبث، وتقليل زمن البيانات

الة لإدارة السهارد الخاديهية لزسان إعطاء الأولهية لستطلبات الخجمات السختلفة. تعتسج تقشيات استخجام تقشيات فعّ 
لزسان الحج الأقرى لسعجل  إدارة السهارد الحالية على خهارزميات الججولة التي تهفخ التخريص الأمثل للسهارد

 خرائص الخجمات مثل مؤتسخات الفيجيه ومتطلباتيا. دبانالح، ولكشيا لا تأخح في التجفق
م التطبيقات إلى ثلاث مجسهعات حدب يتقد الخاديهية تعتسج سهاردللفي ىحا البحث خهارزمية تخريص  اقتخحشا

بتقييم أداء ىحه الخهارزمية على نظام مقتخح من الجيل الخامذ وقسشا متطلبات التطبيق من حيث معجل البيانات. 
، بالإضافة إلى أحجث التقشيات  WiMAXو  Wi-Fiو  LTE-Aالتقشيات الدابقة مثل  الحدبان ييأخح ف

 واترالات تجييدة لتجييدة mmWave الأمهاج السيليستخية ، بسا في ذلك اترالاتفي الجيل الخامذ السدتخجمة
(D2D.) 
 

تجهيزة لتجهيزة، نماذج الانتذار: المدار  الجيل الخامس، اترالات الأمهاج الميليمترية، اترالات الكلمات المفتاحية:
 .232كهست  –أوكهمارا هاتا       –الحر 
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  قدم ىشجسة الإلكتخونيات والاترالات، كلية اليشجسة السيكانيكة والكيخبائية، جامعة دمذق، دمذق، سهرياأستاذ مداعج،  4

 



 2222والثلاثون ـ العدد الثالث ـ  الثامنمجلة جامعة دمشق للعلوم الهندسية  ـ المجلد 

 

3 
 

 
1. Introduction 
The exponential growth of wireless data 

services driven by mobile Internet and smart 

devices leads to investigation of 5G cellular 

networks. Since the current mobile systems 

may not be able to accommodate the 

expected traffic demands by 2022. 5G 

networks will have to fulfill a wide variety of 

user requirements, such as higher peak user 

data rates, reduced latency, enhanced indoor 

coverage, and improved energy efficiency [1, 

2]. 

In order to meet such wide spectrum of 

requirements, 5G will integrate a variety of 

new technology components, e.g. massive 

multiple-input multiple-output (massive-

MIMO), millimeter-wave (mm-wave) 

communications technologies, device-to-

device (D2D) communications, machine-to-

machine (M2M) communications, and multi-

tier heterogeneous networks [3,4]. Thus, 

more advanced radio resource management 

(RRM) techniques are required to fulfill 5G 

systems requirements.  

Several traditional radio resource 

management techniques were proposed in the 

literature, but may not be suitable for 5G 

networks, which needs high spectrum 

efficiency [5-7]. 

In this paper, we proposed a simplified radio 

resource management technique that takes 

into account application requirements. We 

evaluated the algorithm on a considered 5G 

network, based on multi-tier radio access 

technology. To study the performance of the 

algorithm, we used different propagation 

models and evaluate their effect on the 

system performance. 
 

2. 5G Networks 
The 5G networks will consist of nodes with 

heterogeneous characteristics and capacities 

(e.g., macrocells, small cells such as 

femtocells and picocells, and D2D user 

equipment), which will result in a multi-tier 

architecture. 5G wireless network is a real 

wireless world network with no limitations, 

to provide multimedia features [4]. 

5G networks will address six challenges that 

are not effectively addressed by 4G, which 

are: higher capacity, higher data rate, lower 

End to End latency, massive device connec-

tivity, reduced cost and consistent quality of 

experience (QoE) provisioning [4]. 

Many key features will be introduced in 5G 

networks, such as, lower battery consump-

tion, multimedia features with no limitations, 

efficient security approaches, and high reso-

lution applications with large bandwidth. 

3. Propagation Models 
Network planning requires finding proper 

transmission channel depending on the vari-

ous factors such as path loss, scattering, re-

fraction, and absorption due to obstacles. 



Hala, Dr. Chahine, Evaluation of the Effect of Propagation Models on a New Radio Resource…..  

 

There are many radio wave propagation 

models, which are considered in network de-

sign. We will focus on the following models: 

3.1 Okumara Hata Model 
This model is suitable for cities with many 

urban structures, but not many tall blocking 

structures, and served as a base for Hata 

models. Since Hata model established empir-

ical mathematical relationships to describe 

the graphical information given by Okumura 

model. Okumura Hata model was built into 

three modes which are urban, suburban and 

open areas as defined by equations 2 to 9 [8]. 

Where: 

Carrier frequency: 150 MHz ≤  ≤1500 

MHz  

Base station (BS) antenna height: 30 m ≤  

≤200 m  

Mobile station (MS) antenna height: 1 m ≤ 

 ≤10 m  

Transmission distance: 1 km ≤  ≤20 km 

 

3.2 Cost231 Model 
The COST231-Hata model extends Hata's 

model for use in the 1500-2000 MHz fre-

quency range, where it is known to underes-

timate path loss. The model is expressed in 

terms of the following parameters: 

Carrier Frequency ( ) 1500-2000 MHz 

BS Antenna Height ( ) 30-200 m 

MS Antenna Height ( ) 1-10 m 

Transmission Distance ( ) 1-20 km 

The path loss according to the COST-231-

Hata model is expressed as given by equa-

tions from 10 to 13 [8].  

4. Resource Scheduling Algo-

rithms 
Radio resources are allocated in both time 

and frequency domains. Along the time do-

main they are assigned every Transmission 

Time Interval (TTI). The time is divided in 

frames. Each 10ms frame is divided into ten 

1ms sub-frames i.e. TTIs, with each sub-

frame divided into two 0.5ms slots. Each slot 

consists of 7 OFDM symbols with normal 

Cyclic Prefix (CP).  

In the frequency domain, the total bandwidth 

is divided in sub-channels of 180 KHz, each 

one with 12 consecutive and equally spaced 

OFDM sub-carriers. Resource Block (RB) 

which is formed by the intersection between 

a sub-channel in frequency domain and one 

TTI in time domain is the smallest allocable 

resource unit [8]. In the next section we will 

present major resource scheduling algorithms 

used in 4G networks. 

4.1 First In First Out (FIFO) 
First in first out algorithm is the simplest of 

all possible scheduling algorithms, but it is 

inefficient and unfair. The metric of i-th user 

on the k-th RB is described in equation (14) 

[9]. 

 
Where, t is the current time and Ti is the time 

instant when request was issued by i-th user.  

4.2 Round Robin (RR) 
The round robin is a fair scheduling algo-

rithm since every terminal is given the same 

amount of resources; but it neglects the fact 

that terminals in bad channel conditions need 

more resources to carry out the same rate. 

The metric of RR is described in equation 

(15), which is similar to the one defined for 

FIFO. The only difference is that, in this 

case, Ti refers to the last serving time instant 

of the user [9]. 
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4.3 Blind Equal Throughput (BET)  
The blind equal throughput is a channel una-

ware strategy that aims at providing through-

put fairness among all users. To avoid the 

unfair sharing of the channel capacity, the 

BET scheduler uses a priority metric which 

considers past average user throughput as in 

equation (16)[9]. 

 
 

Where    is the average throughput 

of terminal over windows in the past. The 

smoothed value of  is computed using 

any weight moving average formula, e.g. 

equation (17) [9]. 

 

Where  is the instantaneous value of 

data rate at time instant t. 

 

4.4 Maximum Throughput (MaxT) 
Max throughput depends on Channel Quality 

Indicator (CQI) feedback reports that are sent 

by the user equipment (UE) to obtain data 

rate of an identical sub-channel for different 

terminals. This information can be used in 

the priority metric to prioritize users with 

good channel conditions over users with bad 

channel conditions. The priority metric for 

the MaxT scheduler is given in equation (18) 

[9]. 

 
Where  is the expected data-rate for i-th 

user at time t on the k-th resource block. It 

can be calculated by considering the Shannon 

expression for the channel capacity as equa-

tion (19) [9]. 

 
 
 

5. System model 
We consider a system model consisting of 

one LTE eNodeB, centralized in cell with 

radius 2.5km, four millimeter wave nodes, 

twelve WiFi access points, and one WiMax 

access point. Figure (1) illustrates the nodes 

diversity in the cell. 

 

 
Figure 1: Nodes diversity in the cell. 

X Wifi 
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The coverage distance for each node is de-

scribed in table (1). 
Table 1: Coverage distance for each node/access 

point.  
WiMax WiFi mmWave LTE eNode/AP 

≤ 50 ≤ 0.1 ≤ 0.3 ≤ 2.5 

Coverage 

distance 

(Km) 

The available resource blocks for LTE node 

is shown in table (2), whereas table (3) shows 

the available resource blocks in mmWave. 

Table (4) shows data rates for WiFi stand-

ards. WiMax node provides data rate up to 

450 Mbps. 

 
Table 2: Available resource blocks in 1 frame = 

10ms, for LTE modes. 

20 15 10 5 3 1.4 
LTE 

mode 

2000 1500 1000 500 300 120 
RB 

(Mbps) 

Table 3: Available resource blocks in 1 frame = 

10ms, for 10 modes in mmWave. 

52 48 32 20 12 
mmWave 

mode 

1040 960 640 400 240 RB (Mbps) 

100 92 80 72 64 
mmWave 

mode 

2000 1840 1600 1440 1280 RB (Mbps) 

 

Table 4: Available data rates in WiFi standrds. 

5 4 3 2 1 
Wi-Fi 

standards 

3456 704 352 128 64 
RB 

(Mbps) 

5.1 Radio resource allocation algo-

rithm 
The proposed algorithm consists of three stages, 

which are: 

Stage 1: Determine whether device-to-device 

communication is available or not. 

We can achieve D2D communication in three 

ways [10]: 

- Bluetooth connection with data rate 

48Mbps, when the distance between 

the partners is less than 300 m. 

- WiFi connection between the partners 

if the distance is less than 200 m, and 

provides data rate up to 250Mbps. 

- LTE Direct between the partners with 

distance less than 500 m, and pro-

vides data rate between 5-10 Gbps. 

Figure (2) shows the D2D algorithm flow 

chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: D2D algorithm flow chart. 

 

Stage 2: Determine whether the user in 

node/AP coverage area or not. 

We identify the available nodes/Aps for the 

user. Figure (3) shows the flow chart for 

technology determination algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

start 

New user i 

D ≤ 0.2 

D ≤ 0.3 

no 

no 

yes Establish WiFi 
connection 

between (i,j) 

end 

yes Establish Bluetooth 
connection 

between (i,j) 

yes Establish LTE Direct 
connection 

between (i,j) 

D ≤ 0.5 

for j=1 to 
no.user-1 

D = Distance(i,j) 

start 

New user i 

Dl = Distance(i,LTE) 

Dl ≤ 2.5 

D ≤ 0.3 

no 

yes 
vv = vv + “LTE” 

yes 

no 

Dm = Distance(i,mmWave[j]) 

for j=1 to 3 

vv = vv + “mmwave” 

Choose j with 
minimum Dm 

String vv = “ “ 

Dwi = Distance(i,Wi-Fi[j]) 

Dwi ≤ 0.1 no 

for j=1 to 12 
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=Emer-call 

yes no 

Allocate 

max RB Type-user 

=Guar-call 

Allocate 

required 

RB 

yes no 

add user to 

app group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Flow chart of the technology determina-

tion algorithm. 

Stage 3: Evaluate the allocated resource 

block to user for each technology. 

We proposed a new resource block allocation 

algorithm that takes into account the applica-

tion requirements. So we classify the users 

based on service priority into three groups 

namely, emergency calls, guaranteed users, 

and normal users. 

We always allocate emergency calls with the 

required resource without any delay. If there 

isn't enough resource, then we decrease the 

allocated resource for normal users.  

In case of guaranteed users, which ask for a 

specific amount of resources, we allocate the 

required resource blocks for them even if we 

decrease allocated resource to normal users. 

The normal users are classified into three 

groups, which are: 

- Group 1: it includes chat, SMS, and 

web browsing applications, which re-

quires about 32 Kbps. 

- Group 2: it includes voice applica-

tions, such as voice over IP (VOIP) 

and requires approximately 64 Kbps. 

- Group 3: it includes video applica-

tions, like video conferencing, video 

over IP, and video streaming, which 

requires between 0.5 Mbps up to 20 

Mbps. 

Figure (4) shows the flow chart of the pro-

posed resource block allocation algorithm. 

 

 

A end 
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Figure 4: Flow chart of the proposed resource 

blocks allocation algorithm. 

6. Results 
To evaluate the performance of our proposed 

algorithm, we used the discrete-event net-

work simulator NS3 version 3.26 on Ubuntu 

14.0.4, installed on DELL Inspiron Laptop 

which has the following specifications: 

- Processor :  Intel(R) Core(TM) i3-

3217U CPU @ 1.80GHZ 

- RAM   : 4 Gbyte 

We evaluate the algorithm using three propa-

gation models, which are: Friis, Okumura 

Hata, and Cost231.  

 

6.1 Using Okumura Hata model in 

Urban:  
We evaluated the number of users served 

using maximum and minimum radio blocks 

versus the distance between the user and the 

base station. Then we estimated the allocat-

ed radio blocks for each application, in 

three cases shown in table (5). 
Table 5: User rate for video/voice/chat application. 

chat voice Video User rate 

10 20 10 1:2:1 

20 10 10 1:1:2 

10 10 20 2:1:1 

 

Figures 5 to 7 show the number of users allo-

cated using max RBs and min RBs in LTE 

modes 1.4, 10 and 20, versus the distance 

between the user and the LTE node. 

 

 
Figure 5: Number of users allocated using max 

RBs and min RBs in LTE mode 1.4. 
 

App_no < 
20 

Add user in 
group 1 

no yes 

Add user in 

group 2 

Add user in 

group 3 

App_no 
< 30 

App_no 
< 40 

yes 

no 

yes 

no 

end 

Determine app group (3digits) 

A 

Determine user group 

requirements 

Free RB > 
required 

Allocate max RB 
for group 

Need = required - 
free 

m = need/no. 
group 1 users 

Alloc RB – m 
> min group 

1 RB Alloc RB for all  
group 1 users - m 

Alloc RB for 
new user 

Repeat steps for 

group 2 then 

group 3 

yes 

yes 

no 

no 

end 

end 
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Figure 6: Number of users allocated using max 

RBs and min RBs in LTE mode 10. 

 
 

Figure 7: Number of users allocated using max 

RBs and min RBs in LTE mode 20. 

Figures 8 and 9 show the number of users 

allocated using max RBs and min RBs in 

mmWave modes 12 and 100, versus the dis-

tance between the user and the mmWave 

node. 

 
Figure 8: Number of users allocated using max and 

min RBs in mmWave mode 12. 

 
Figure 9: Number of users allocated using max 

RBs and min RBs in mmWave mode 100. 

 

Figures 10, 11 and 12 show the number of 

users in each technology and the allocated 

resource blocks for each application in the 

three cases of user rates shown in table (5). 
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(a) 

 
(b) 

Figure 10: (a) Number of user in each technology, 

(b) the allocated RBs for each application in case of 

user rate (chat 20: voice 10: video 10). 
 

 
(a) 

 
                                                                             

(b) 

Figure 11: (a) Number of user in each technology, 

(b) the allocated RBs for each application in case of 

user rate (chat 10: voice 20: video 10). 

 

 

 
(a) 

 
(b)  

Figure 12: (a) Number of user in each technology, 

(b) the allocated RBs for each application in case of 

user rate (chat 10: voice 10:video 20). 
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When we used LTE mode 1.4, we found that 

the number of voice users decreased from 13 

at distance 500m to 3 user at distance 2000m, 

but this number increased to 500 voice users 

at distance 500m and to 166 at distance 

2000m in LTE mode 10. 

In mmWave 12 mode, we served 40 voice 

users at distance 100m and 26 at distance 

300m, but this number increased to 2000  

users at all distances in mmWave 100 mode. 

6.3 Using Cost231 model:  
We estimated the number of users served 

using maximum and minimum radio blocks 

versus the distance between the user and the 

base station. Then we estimated the allocat-

ed radio blocks for each application, in 

three cases shown in table (5). 

Figures 13 to 51 show the number of users 

allocated using max RBs and min RBs in 

LTE modes 1.4, 10 and 20, versus the dis-

tance between the user and the LTE node. 

 

 
Figure 13: Number of users allocated using max 

RBs and min RBs in LTE mode 1.4. 
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Figure 41: Number of users allocated using max 

RBs and min RBs in LTE mode 10. 

 
Figure 41: Number of users allocated using max 

RBs and min RBs in LTE mode 20. 

 

Figures 51 and 17 show the number of users 

allocated using max RBs and min RBs in 

mmWave modes 12 and 100, versus the dis-

tance between the user and the mmWave 

node. 

 

 
Figure 16: Number of users allocated using max 

RBs and min RBs in mmWave mode 12. 

 

 
Figure 17: Number of users allocated using max 

RBs and min RBs in mmWave mode 100. 

Figures 18, 19 and 20 show the number of 

users in each technology and the allocated 

resource blocks for each application in the 

three cases of user rates shown in table (5). 

 
(a) 

 
                (b) 

Figure 18: (a) Number of user in each technology, 

(b) the allocated RBs for each application in case of 

user rate (chat 20: voice 10: video 10). 
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(a) 

 
 (b) 

Figure 19: (a) Number of user in each technology, 

(b)the allocated RBs for each application in case of 

user rate (chat 10: voice 20: video 10). 

 

 
(a) 

 
(b) 

Figure 20: (a) number of user in each technology, 

(b) the allocated RBs for each application in case of 

user rate (chat 10: voice 10: video 20). 

When we used LTE mode 1.4, we found that 

the number of video users decreased from 3 

at distance 500m to 2 users at distance 

2000m, but this number increased to 250 
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video users at distance 500m and to 166 at 

distance 2000m in LTE mode 10. 

In mmWave 12 mode, we served 13 video 

users at distance 100m and 10 at distance 

300m, but this number increased to 1000 us-

ers at distance 100m and 666 users at dis-

tance 300m in mmWave 100 mode. 

 

7. Discussion 
In this paper, we proposed a new resource 

scheduling algorithm based on application 

requirements. We estimated the number of 

users served with maximum radio blocks 

(RBs), or with minimum RBs for each appli-

cation. We used three radio propagation 

models, which are Okumura Hata, and 

Cost231, to evaluate their effect on the pro-

posed algorithm. 

We found that the number of users decreased 

when the distance from user to the eNode 

incresaed, because they need more resources.  

When we used Cost231 propagation model in 

LTE mode 1.4, we found that the number of 

chat users decreased from 120 at distance 

500m to 60 user at distance 2000m. But 

when we used Okumura Hata model, the 

number of users was only 60 user at 500m 

and decreased to 15 user at 2000m. 

In mmWave 12 mode, we served (10 to 7) 

video users in Cost231. But this number de-

creased in Okumura Hata to a value between 

4 and 2. 

We also estimated the allocated resource 

blocks for each application in case of 40 us-

ers classified in video, voice and chat with 

different user rates. We found that LTE gives 

RBs that are between 5 and 8 for chat users, 

between 28 and 34 for voice, and 163 for 

video. Since it was 3 for chat, 11 for voice, 

and between 16 and 85 for video. 

 

Conclusion  
In this paper, we studied radio propagation 

models and resource scheduling algorithm to 

propose a new radio resource algorithm that 

takes into account application requirements. 

We evaluated our proposed algorithm using a 

proposed 5G network, built using NS3 simu-

lator. We studied the performance of our al-

gorithm in case of served users and allocated 

resource blocks in each application, using 

three propagation models which are Okumu-

ra Hata and Cost231.    

 

Reference  
1. Zarin N. and Agarwal A. 2021 - Hybrid 

Radio Resource Management for Time 

Varying 5G Heterogeneous Wireless Ac-

cess Network. IEEE Transactions on Cog-

nitive Communications and Networking, 

June, Vol. 7, Issue 2, pp. 594-608. 

2. Samidi F. and et. al, 2021 - 5G New Ra-

dio: Dynamic Time Division Duplex Ra-

dio Resource Management Approaches. 
IEEE Access, August, Vol.9, pp. 113850 – 
113865. 

3. Munir, H. et al. 2018 – Computationally 

Intelligent Techniques for Resource 

Management in mmWave Small Cell 

Networks. IEEE wireless 

Communications, August, Vol. 25, Issue 

4, pp. 32-39. 

 

4. Xiao, B. et al. 2018 – Talking about 5G 

Mobile communication Technology. 

Journal of Networking and 

Telecommunications, pp. 20-26. 

5. Mezzavilla, M. et al. 2017 – End-to-End 

Simulation of 5G mmWave Networks. 

IEEE Communications Surveys & 

Tutorials, May, 25 p. 

6. Fazliu, Z L 2017 - Resource and Power 

Management in Next Generation 

Networks, PhD Thesis, Politecnico Di 

Torino, 141 p. 

7. Maaz, B 2017 - Radio resource allocation 

in 5G wireless networks, PhD Thesis, 

Universite Paris-Saclay, 128 p. 

8. Singh, D and Singh P 2013 - Radio 

Resource Scheduling in 3GPP LTE: A 

Review. International Journal of 

Engineering Trends and Technology 

(IJETT), Vol. 4, Issue 6, pp. 2405-2411. 

9. Singh, Y 2012 - Comparison of Okumura, 

Hata and COST-231 Models on the Basis 

of Path Loss and Signal Strength.  

https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6687307
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6687307
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=9448571


 2222والثلاثون ـ العدد الثالث ـ  الثامنمجلة جامعة دمشق للعلوم الهندسية  ـ المجلد 

 

15 
 

International Journal of Computer 

Applications, Vol. 59, No 11, pp. 37-41. 

10. Osman, E 2018 - Device Discovery 

Methods In D2D Communications For 

5G Communications Systems. Master 

Thesis, Tallinn University Of Technology, 

85 p. 

 

 

 


