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Abstract - Nowadays, a threefold real time traffic system is
developing where voice, video and data traffic coexist in cellular
networks. Since there are alimited number of resources, some of
the traffic cannot be served in the real time. For example when
all channels are occupied the remaining user equipments (UES)
requesting the service are blocked. Therefore a resource
allocation optimization for real time traffic needs to be studied
in this context. Significant studies have been conducted with a
common objective of maximizing data rate and adaptive channel
borrowing, however they don’t mitigate the problem of network
coverage at the cell edge and spectrum is not shared efficiently
among data and voice traffic. In this paper we propose three
resource allocation methods for voice/data integrated in cellular
network. In the First case, both voice and data traffic are
assigned separate resources and the communication is in a
dedicated mode. In the second case, we assign different
resources but we alow the reuse of one of the traffic resources
either voice or data provided that the interference is well
managed. Thirdly we propose the method of borrowing the idle
resources depending to the UE transmitting power of new call
arrival. Our resource allocation schemes were developed based
on blocking probability and weighted cell utilization mathematic
model. MATLAB simulation results show that the performance
of our proposed schemes in terms of UE blocking probability
and cell weighted utility is better compared to cellular alone.

Keywords - Resource Optimization, LTE, Real-Time Traffic,
Cell utility.

I. INTRODUCTION

The increasing demand for higher data rates for local area
services and gradually increased spectrum congestion have
triggered research activities for improved spectral efficiency and
resource alocation management. In order to meet the
requirement of the higher data rate transmission in mobile
communication, the spectrum alocated to  mobile
communication systems must be used efficiently. Since;
traditional cellular networks are designed mostly according to
peak traffic demands in order to guarantee quality-of-service
(Qo0S), even in the worst case, sharing between voice and data
traffic need to be envisaged.

In principle, the network is responsible for the resource
allocation and can alocate the resources either dynamically or
statically. The analysis shows that, dynamic allocation utilizes
the radio resources more flexibly at the cost of heavy control
overhead while the converse is true for static alocation. In [1],
these two methods have been discussed mainly focusing on the

use of device to device (D2D) discovery, and static allocation
seems appropriate.

According to [2], four methods of resources alocation have
been proposed taking in consideration the use of D2D
communication. All these methods are focusing on the use of
D2D communication, to optimize the network resources which
are few and far from the reality when the long distance between
users is required. Moreover they never consider the real time
traffic, either voice or data streaming. Some of the previous
works are proposing different methods of resource alocation. In
[3], optimality is discussed under practical constraints such as
minimum and maximum spectral efficiency restrictions, and
maximum transmit power or energy limitation. Resource
Allocation for Heterogeneous Applications is discussed in [4].
They jointly consider resource allocation and power control with
heterogeneous QoS requirements from the applications, namely
streaming-like and file-sharing-like.  Different resource
alocation strategies can be applied to alocate the spectrum and
to adjust the transmit power to optimize the overall system
performance [5]. Significant studies have been conducted with a
common objective of maximizing the aggregated data rate and
adaptive channel borrowing for quality of service in wireless
cellular networks[6], [7].

Our focus is to manage the existing resources in cellular
network, by proposing new methods of resources allocation
taking in consideration real time traffic either voice or data. The
new generations of cellular networks however have long
supported heterogeneous applications, which have highly
diverse Quality of Service (QoS) specifications. For example,
file sharing applications generally demand high data rate but can
smoothly adapt to a wide range of data rates. However,
maximizing the overall data rate without differentiating the
needs of these applications can often lead to under- or over-
provisioning. Moreover, since these works are not considering
whether the UE is on the cell edge or not, they don’t resolve the
problem of the network coverage on the cell edge for voice or
data traffic. Therefore, our research aims at provisioning of the
resources we have and share them among voice and data traffic
users, such that the network coverage is improved at the cell
edge.

II. RELATED WORK
A lot of works have been done on this topic but most of them
did not considered the user is near of far from the base station
(BS), neither voice nor data. Many researchers are introducing
D2D communication in cellular to improve the data rate. As
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long as D2D communication is concerned, Resource sharing
can be done by either assigning a separate resource to D2D pairs
or by reusing the same resource of the cellular users and use
some strategies to avoid the interference. There are two kinds of
resource allocation schemes, the first one is BS assisted and the
second one is BS controlled[8].According to [9], the available
resources in cellular networks with D2D links can be allocated
in four modes such as Cellular mode, dedicated resource mode,
reusing the resource of only one cellular user and reusing the
resources of more than one cellular user.

The area of resource allocation optimization has received
significant interest. In [9], the seminal network utility
maximization problem is presented. The network utility
maximization problem allocates the resources among users
optimally based on bandwidth proportional fairness by using
Lagrange multiplier methods of optimization theory. An
iterative algorithm based on the dua problem has been proposed
to solve the resource allocation optimization problem [10]. The
applications considered in early research work, as in [8] and
[10], are only delay tolerant Internet traffic for wired
communication networks. However, for current cellular
networks both rea-time and delay-tolerant applications are
considered. In this work we used the cell splitting into two parts
the inner part and the outer part where we assign resources
depending to which traffic concerned. Moreover we suggest a
new method: “Orthogonal sharing method” in each part and we
assign priority to either voice or data depending to whether a UE
islocated in inner part or the outer part of the cell. Thisimprove
the network coverage at cell edges since voice traffic are
prioritized in outer part. The blocking probability is reduced
since only UESs closer to the BS (Base station) are allowed to use
both data and voice traffics

I1l. SYSTEM & MATHEMATICAL MODEL
A.  System Model
In our methodology we consider the heterogeneous traffic

with the system model in Fig.1 which is compared with the
traditiona cellular network alone. The UEs in inner part can use
either data or voice communication where the data traffic has a
higher priority compared to voice traffic. That is, if two UEs are
requesting the resources for communication one of them with
data traffic will be served at the first place. If there are ill
enough resources the later can be served as well. For the UEsin
outer part, we only allow voice communication. Since they are
far from the BS, their network coverage can be improved if we
assume they are using only voice traffic with few resources
blocks, without competing with the data traffic UEs.
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Fig.1: Heterogeneous traffic in cellular network.

As shown in figure 1, traditional cellular usersin inner part
are from UEl to UE4 and can use either data of voice
communication where the data traffic has a higher priority
compared to voice traffic. That is, if two UEs are requesting the
resources for communication one of them with data traffic will
be served at the first place. If there are still enough resources the
later can be served as well. The UEs from UE5 up to UEn areiin
the outer part and only voice communication is alowed for
them.

In order to guarantee that radio resources are sufficiently
alocated to data UEs in cell inner region, voice UESs located in
cell outer region preferentially use the radio resource which
cannot be used by voice UEs located in cell inner region. Figure
2, shows the procedure of how BS alocates the radio resources
to data UEs in the proposed scheme.

B. Mathematical model
Our purpose in this section is to know how much resources
can be assigned to both UEs in outer part and cellular UEs in
inner part that minimizes the network congestion. We assume
that more data traffics are generated than voice traffics in inner
part. A comparative study with the traditional communication is
envisaged.

Firstly, we use Erlang formula (1) to calculate the blocking
probability in traditional cellular alone case and Engset
distribution is used for the cellular inner (2) and outer area (3)
since we assume alimited number of UEs.

AC
BC(A) = CC! Al (1)
=071

where C is the number of channels and A is the offered traffic
load with parameter Aand H which represent the call arrival rate
and mean holding time respectively (A= A+ H ).Also i
describes the number of iterations corresponding to the current
number of channelsandisvarying fromi =0 uptoi = C.
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WhereB_, is blocking probability for the cellular inner part
and B, is blocking probability for cellular outer region.

Start

BS decideswhether UEs
with data traffic belong
toinner or outer reaion

v

Are UEswith NO
datatraffic
located in cell

inner part?

YES

A\ 4

Radio resour ces
used by BS
relaying UEsin
cell outer part
are preferentially

UEswith datatraffic usethe
frequency band except for the
resource used by BSrelaying
UEsin identical cell outer part.

allocated to UEs
with voicetraffic.

Radio resour ces used by BS

relaying UEsin cell inner part
are preferentially allocated to [«
UEswith data traffic.

l

End

Fig.2: Resource alocation procedure for datatraffic UEs

In Eq. (2) and EqQ. (3),Binner @d Bouter represent the offered
traffic per idle sources in the inner part and outer part of the cell
respectively and according to [11, pp.139], are calculated as
follow :

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

Ainner
. = Linner 4
'aner (Sc—Ainner) ( )
A
Bouter = e ®)

(SUO _Aouter)

Where, Ajpner and Agyier arethe offered traffic in inner part and
in outer part of the cell respectively and their values are obtained
from Eq. (6) and (7) below.

Ainner = (1 - a)Avoice + (a)Adata (6)
Aouter = XApoice » (7)

Where, Ajpner+Aouter = A Which is represented in Eq. (1) as
total offered traffic in the whole cell. From Eq. (6) and (7) o €
[0 1] and denotes the percentage coefficient.

Secondly, the performance analysis of the proposed schemes
was examined based on weighted cell utilization. The datarateis
calculated within cellular network based on Shannon capacity,
transformed with respect to OFDM techniques as shown in
equation (8).

Ry =B*(1-CP)*log, (1+ =) ®

Where B is
the bandwidth, CP is the cyclic prefix and fis representing the
ratio of other-cell signal to own-cell signal [12]. SNR is the
signal to noiseratio.

R, =(1-2)*B*(1-CP)* lo (14_&)
mner gz SNthe*f_l
% SNRyoice
M*a*B* log, (1 SRt ) 9)

SNRvoice
Rouer=(1-CP)*B* log, (1+ ) ao

SNRvoice *f+1
The formula of data rate is based on [4] and [13]. three kinds of
data rate are Calculated. The first is the data rate when all users
use LTE, Eq. (8). In this case, the cell is not split using our
model, and there is no priority neither for data nor voice. The
second data rate is when the cell is split in two part and usersin
inner part uses LTE for both voice and data, Eq. (9). The third
datarate is represented in Eqg. (10) which isthe one in outer part
where voice isthe only prioritized traffic.

On these equations, SNR,, isthe SNR of LTE users, SNR ;. iS
the SNR of users generating voice traffic.

Our target is then to identify the optimal strategy to allocate the
resources and to adjust the transmit power of the BS and UEs to
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maximize the weighted cell utility. The QoS-aware resource
allocation problem can be formulated as follows:

WCU = (1 = 4) * Ug* Ripper + AUy* Royter)
Subjectto P; < Py Vi € {1,2,33,
PB < Prgax ’

Given U, U, {U;, . . . ,Ug}, as the utility functions of the
cellular datain inner and voice traffic in outer part. Hered (0 <A
< 1) isthe weight assigned to the cellular utility in inner part.

Given the file size of a specific task, the utility function thus
depends on the data rate. Let R,,,,be the maximum achievable
datarate and R be the used data rate, we have the utility function
as

U=-2L

Rmax (11)
V. SIMULATION RESULT AND DISCUSSION
A. Blocking probability smulation result
In this work, we consider a single cell scenario split into inner
and out part (see Figure 1).

Table 1 Smulation Parameters

Parameters & Symbols Vaue
System bandwidth, B 10 MHz
Cell radius, R 1Km
Range of f 05,1
Percentage of dedicated BW for voice, a 0.4
Cyclic prefix percentage, CP 0.2

SNR of LTE users, SNR;;, 5t0 10
SNR of voice users, SNR ;e 10to 20
Total number of all UEsinaCell, S 200
Number of UEsin inner part, S, 148
Number of voice UEsin outer part, S, 52
Tota Offered traffic, A 1to 60
Total humber of Channels, C 60 RBs
Number of channelsin outer part,C e, 30RBs
Number of channelsininner part,C; e 30 RBs
Reuse factor 3

The experiments were done taking in consideration two factors,
blocking probability and weighted cell utility (WCU). Table 1
shows the simulation parameters to be used in three resource
alocation methods envisaged: the dedicated mode, the reuse
mode and the channel borrowing mode.
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i Result for Blocking Probability for Heterogeneous
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Fig.: Blocking probability for heterogeneous traffic 40RBsin
inner part and 20RBs in outer party.

The Figure 3 represents blocking probability when we assign
40RBs in inner part and 20RBs in outer part, where 0=0.8 in
both cases. Recall that assumed more data traffic than voice
traffic in inner party are considered as shown in Table 1 and
1RB per UE for voice is used for transmission whereas for data
we use 2RBs per UE for transmission. The result shows that our
method is more beneficial than in cellular alone. For instance,
when the offered traffic intensity is equal to 40 we can
experience a blocking probability less than 0.1. In general, these
simulation results show that the number of RBs can be
optimized so that the blocking probability may be kept at a
minimum value which is more reasonable.

ii. Blocking Probability for Heterogeneous Traffics in
reuse mode.
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Fig.4: Blocking probability for heterogeneous traffic with reuse
mode.
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The simulation results shown in Figure 4 comparing the
variation curves for cellular alone and when the cell is divided
into the inner part with data and voice traffic, whereas the outer
part is prioritized to voice traffic in reuse mode with reuse factor
of 3.

0.7
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Fig.5: Blocking probability with borrowing

The curve shows that the UEs in inner part will communicate
with minimum blocking probability compared to other. This is
an improvement since the UES in inner part are mostly using
data traffic and this will ensure the proper and fair delivery of
the routed packets or files transferred. On the other side the
voice traffic in outer part is improved, which resolves the
problem of cell edge network coverage.

iii. Blocking Probability for Heterogeneous Traffics in
Borrowing Mode

In our simulation in borrowing mode, we assume that the voice
traffic in outer can borrow a half of the resource in inner part.
This will more improve the communication in outer part. In this
case more resources are assigned to UEs in inner part which can
results in many unoccupied channels which can be borrowed.
The results in Figure 5 shows that the blocking probability is
reduced compared to cellular alone.

B. Cell Weighted Utility for Heterogeneous Traffics
simulation result
i Optimal  resource adlocation and Data rate
calculation with OFDM -based.
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Fig.6: Cell Weighted utility (WCU) versus the SNR

The simulation results are shown in Figure 6 the two curves
comparing the WCU for traditional cellular network and when
the cell is split into two parts, for either f is0.5 or 1, the datarate
increases as the target SNR increases

ii. Result for Utilization and Resource Allocation
with reuse mode.

% 10°

—&— Ite ALONE f=0.5
—&— lte data voice f=0.5
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Fig.7: Cell Weighted utility (WCU) versus the SNR with reuse
mode

As the curves show in Figure 7, the WCU with reuse mode, our
scheme is more efficient compared to cellular alone. There are
more benefits and the data rate is improved which results in
higher weighted cell utilization when the cell is split into two
part and we adopt the frequency reuse

iii. Utilization and Resource Allocation with borrowing mode
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Fig.8: Thevoicetraffic in outer part borrows the idle data
resource from inner part

For the borrowing channel mode we use the assumption that one
type of traffic either data or voice can borrow the idle resource
of the other type. In Figure.8 we assume, that the voice traffic in
outer part borrows the idle resource from inner part. For both
curves with f equals 0.5 and 1, our proposed method has a WCU
compared to cellular alone.

V. CONCLUSION

In this paper, it is presented that resource allocation
optimization schemes for real time traffic in LTE network. We
split the cell in inner part and outer part. Three resource
allocation methods were envisaged. In the First case, both voice
and data traffic is assigned separate resources and the
communication is in a dedicated mode. In the second case, we
assigned different resources but we allow the reuse of one of the
traffic resources either voice or data. Lastly we propose the
method of borrowing the idle resources depending to the UE
transmitted power of new cal arrivadl. The MATLAB
simulation results showed that the performance of our proposed
schemes is higher comparing to the existing one. In our future
work, we will explore heterogeneous traffic more in order to
know whether other techniques such as micro and femtocells can
be more efficient if used for data or voice transmission.

VI. REFERENCES

[1]. T. Peng, Q. Lu, H. Wang, S. Xu, and W. Wang., "Interference
avoidance mechanismsin the hybrid cellular and Device-to-Device
systems, " in IEEE PIMRC, 2009, pp. 617-621.

[2]. B. Wang, L. Chen, X. Chen, X. Zhang, and D. Yang, “Resource
Allocation Optimization for Device-to-Device Communication
Underlaying Cellular Networks,” in Proc.2011 |EEE 73rd
Vehicular Technology Conference, VTC 2011-Spring. Budapest,
Hungary, May 2011.

[3]. K. Doppler, C. B. Ribeiro, and O. Tirkkonen, “Resource sharing
optimization for device-to-device communication underlaying
cellular networks,” IEEE Trans. Wirel.Commun., vol. 10, no. 8,

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

pp. 2752-2763, Aug. 2011.

[4]. M. Xiaogiang, L. Jiangchuan, and J. Hongbo ,“Resource
Allocation for Heterogeneous Applications With Device-to-Device
Communication Underlaying Cellular Networks” IEEE Journal on
Selected Areas In Communications, Vol. 34, No. 1, January 2016

[5]. K. Doppler, C.-H. Yu, C. B. Ribeiro, and P. Janis, “Mode selection
for device-to-device communication underlaying an LTE-
advanced network,” in Proc. IEEE WCNC, Sydney, NSW,
Australia, Apr. 2010, pp. 1-6.

[6]. P. Janis et al., “Interference-aware resource allocation for device-
to-device radio underlaying cellular networks,” in Proc. IEEE
VTC—Spring, Barcelona, Spain, Apr. 2009, pp. 1-5.

[7]. Y.-T. Wang and J.-P.Sheu, “Adaptive channel borrowing for
quality of service in wireless cellular networks,” Int. J. Commun.
Syst., val. 19, no. 2, pp. 205-224, Mar. 2006.

[8]. X. Lin, J. Andrews, A. Ghosh, and R. Ratasuk, “An overview on
3GPP device-to-device proximity services,” IEEE Commun. Mag.,
vol. 52, no. 4, pp. 40-48, Apr. 2014.

[9]. M. Zulhasnine, C. Huang, and A. Srinivasan, “Efficient resource
alocation for device-to-device communication underlaying LTE
network”,inProc. 2010 |EEE 6th Internationa Conference on
Wirdless and Mobile  Computing,  Networking  and
Communications, WiCOM 2010. Chengdu, China, Sept. 2013, pp.
368-375.

[10].F. Kelly, A. Maulloo, and D. Tan, “Rate control in communication
networks: shadow prices, proportional fairness and stability,” in
Journa of the Operational Research Society,vol.49,  1998.

[11].M. Belleschi, G. Fodor, and A. Abrardo, “Performance analysis of
a distributed  resourceallocation  scheme for  D2D
communications,” in Proc. IEEE Workshop Machine-to-Machine
Commun., Anaheim, CA, USA, Dec. 2012, pp. 358-362.

[12].Klein S Gilhousen, Irwin M Jacobs, Roberto Padovani, Andrew J
Viterbi, Lindsay A Weaver, Jr., and Charles E W heztley 111, "On
the capacity of a cellular CDMA System", IEEE transactions on
vehicular technology, vol 40, no.2, may 1991

[13].G. Song and Y. Li, “Cross-layer optimization for OFDM wireless
networks—Part 1I:  Algorithm development,” IEEE Trans.
Wireless Commun., vol. 4, no. 2, pp. 625-634, Mar. 2005.

Angelique Mukakisine received Bsc in
Computer Engineering from Kigali Institute of
Science and technology (KIST) now
university of Rwanda, College of Science and
Technology in 2010. MSc in Information
Communication Technology from the
University of Agder (UiA) in 2104, Norway
andMsc in information systems at University of Rwanda in
2016. He is currently Assistant Lecturer at University of
Rwanda, College of Science and Technology since October
2013. Her research interests include Health informatics, software
engineering, mobile communications, and internet of things.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

159 |Page



l]RECE VOL. 4 ISSUE 3 JULY.- SEPT. 2016 ISSN:2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

FaustinAHISHAKIYE received his BSc in
Electronics and Telecommunication
Engineering from Kigali Institute of Science
and Technology (KIST) in 2010 with First
Class, GPA of 81% and the MSc in
Information Communication Technology from
the University of Agder (UiA), Norway with
GPA of 85% IN 2014. His Master’s thesis
dealt with Neighbor Discovery and Resource Allocation for
Device to Device (D2D) Communication. His research interests
include Resource alocation and D2D communication, Mobile
and computer Networks, mobile radio communications; design
of ICT infrastructure systems, and Internet protocols design. He
has publications on cellular networks published in IEEE
GLOBECOM Workshop 2014 and on signal processing,
published in JSIP, 2015. He is now an Assistant Lecturer at
University of Rwanda, College of Science and Technology.

Richard Musabe obtained his Bachelor of
Science degree in Computer Engineering and
Information Technology from Kigali Ingtitute
of Science and Technology (KIST), Rwandain
2006. In 2009, he obtained a master’s degree
in Network  Security from  Glasgow
‘ Caledonian University, Glasgow, Scotland,

UK, he received a Ph.D. degree from the same
university in 2013. Currently he is doing a Post-doc in cellular
communication and his working as alecturer at the University of
Rwanda, college of science and Technology. His research
interests include; cellular communication, VolP, Mobile
communication, Cross-layer scheduling schemes, Performance
evauation of computer systems and networks, Computer
network simulation.

Gaurav Bajpal received the B.Tech. degree in
Computer Science & Engineering from
Rohilkhand University, Indiain 2000, M.Tech.
degree in Software Engineering from Motila
Nehru National Ingtitute of Technology,
Allahabad, India and Ph.D. degree from Uttar
Pradeeh Technlcal University, Lucknow, Indiain 2006. He was
an assistant Professor in the Department of Computer Science
and Business Administration, Academy of Medical Sciences and
Technology, Khartoum, Sudan from April 2006 to March 2007.
Since March 2007, he is working as a Senior Lecturer in the
Department of Computer Engineering and Information
Technology, School of Engineering, Collage of Science and
Technology, University of Rwanda. Since 2012 he Head of the
department, His research interests include software engineering,
network routing, network hardware security and bio-medical
engineering. He has published more than 70+ International
Journal and conference papers. He is awarded a patent in
Biometric technology in 2016.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

160 |Page



