ISSN: 2277 – 9043
International Journal of Advanced Research in Computer Science and Electronics Engineering (IJARCSEE)
Volume 5, Issue 9, September 2016

Evaluation of a Model to Enhance Resource Allocated to Device-toDevice Communication in OFDM- based Cellular Systems –
Resource Capacity Analysis
NDAGIJIMANA Adonia1, MUSABERichard2,GAURAV Bajpai3
Abstract- Device-to-device (D2D) communication has
been a hot topic due to its potential advantages such as
high data rates, spectrum-efficient, energy-efficient.
D2D communication has the advantage of maximum
spectral usage and higher throughput. However, for
better quality of service (QoS), the performance of the
existing systems can be improved by introducing the
idea of device- to-device (D2D) communication in
cellular networks. This can be achieved by increasing
system capacity to accommodate more user equipment
(UEs).
This paper evaluates the Model to Enhance Resource
Allocated to Device-to-Device Communication in
OFDM- based Cellular Systems to improve the QoS for
the UEs by considering the system capacity in different
D2D communication scenarios in OFDM technology.
The system capacity is calculated, and throughput in
ideal and realistic conditions by using Shannon’s
equation for capacity calculation. The control and
discovery overhead is also considered. The results
shows that the scenarios largely improve the system
capacity compared with other studies thus QoS is
improved.
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I. Introduction
Recently, device-to-device (D2D) communication in
cellular network has become hot topic in the field of
cellular communication due to its potential advantages.
The 3rd generation partnership report (3GPP) technical
report highlights the advantages of D2D communication
in cellular network [1]. Actually, D2D communication is
not a new concept, Bluetooth for example, can be used to
send files to each other. Bluetooth is a kind of D2D
communication. However, it is new to introduce D2D
communication in cellular networks. Traditionally, if
two cellular users want to communicate with each other,
the messages start from the sender and go through the
base station (BS) and then reach the receiver[2], [3].
However, things become different if D2D
communication is introduced. The messages can then go
directly from the sender to the receiver without bothering
the base station. But since the D2D communication is
cellular-based, it is controlled by the base station [4].
That is to say, the base station knows when the
communication starts and ends. In this case, one can
findthe benefitsof this kind of cellular-based D2D
communication [5].
There are of course quite a lot of benefits. Such as D2D
can achieve a higher speed and a shorter delay when
sharing large files between UEs through cellular devices
that saves both time and energy. D2D can be used in
network offloading. There are many other use cases for
D2D communication and many of them are quite
interesting, such as advertising and public safety[6]. For
advertising, the shopping malls can be equipped with a
device that is broadcasting D2D messages all the time to
the D2D enabled end devices. The advertisements can be
conveyed in these messages. For the use case of public
safety, as some emergency occurs, the conventional
infrastructures might be destroyed, then the D2D mode
can be used for rescue.However, many problems need to
be solved before these benefitscan be enjoyed. For
instance, there is a need to consider which spectrum
should be used for D2D communication. If the D2D
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communication shares the spectrum with the current
cellular users, then consider how to reduce the
interference, the maximum distance for the D2D
communication that can ensure acceptable quality of
service. From this one can observe that there are too
many issues concerning with this topic.Atthe same time
many researchers are doing or have done a lot research
into these topics. [7] [8].
II. D2D communication in OFDM systems
D2D
communication
is
defined
as
direct
communications among mobile devices without
transferring data through a base station (BS). The most
important processes in D2D communications is device
discovery, that finds devices located nearby. In order to
determine the proximity of devices, each device
transmits a discovery message periodically, and other
devices check if the message can be received
successfully. Their system model is based on networkassisted but distributed-control D2D communications
[9].
The concept of D2D is illustrated in Figure 1, where UE
denotes User Equipment. The BS allows UE2 and UE3
to communicate directly to each other while keeping
some control over the D2D link to limit the interference
to the cellular receiver [10].

as infinite and Poisson point distribution is considered in
this case for cellular UEs.
D2D communication takes place as an underlay
communication to the cellular OFDM network, the
interference from D2D communication to the cellular
network has to be coordinated and the BS should be
aware of ongoing D2D connections. The UEs in D2D
connections are still associated to the BS and can receive
for example cellular calls. The author propose that the
D2D link initialization and the allocation of OFDM
Resource Block (RB) to the D2D links is managed by
the BS. Therefore, there is an immediate opportunity for
the BS to reduce the interference between the cellular
and D2D links. Such a scheme for sharing uplink (UL)
resources is proposed in this section. The power level of
D2D transmitters is chosen based on the cellular UL
power control information to limit the interference to the
cellular BS [10].
III. Resource
sharing
communication

methods

in

D2D

In order to meet the requirement of the higher data rate
transmission in mobile communication, the spectrum
which is allocated to mobile communication systems
must be used efficiently. 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 strategies to avoid the interference. Basically, there
are two kinds of resource allocation schemes in general:
BS assisted and BS controlled. [11].
Three resource sharing modes are Proposed in [12], the
first being non-orthogonal sharing mode where D2D
users reuse the same resource with the cellular user, but
the interference between the two links is likely to occur.
In this mode, the BS coordinates the transmit power for
both links.

Figure 1: Illustration of D2D communication as an
underlay network.

The second mode is orthogonal sharing mode, where the
D2D use a dedicated part of the whole resource and
leave the rest to the cellular user in this mode there is no
interference between cellular and D2D communication.

The system model in [11] contains the inner part and the
outer part, where the inner part consists of the traditional
UEs which communicate through BS whereas the outer
part consists of the D2D UEs that have at least one
neighbor within a targeted distance. The author assumes
that the large number of resources in inner part is taken

The third mode is Cellular Mode (CM) where the
authors in [2], [12] says that the D2D users communicate
with each other through the BS that acts as a relay node.
In this case The D2D users could not communicate
directly. This mode is conceptually the same as a
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traditional cellular system. Apart from Cellular Mode,
other modes are defined in [2], [11] that are listed below.






Dedicated resource mode: The D2D users
communicate with each other with dedicated
resource. There is no interference between
cellular
communication
and
D2D
communication since their resources are
orthogonal. There are N+1 orthogonal
transmission links at this time. The resources
which are shared by the D2D pair and cellular
users are divided into N+1 parts uniformly, and
the D2D pair uses one part of them in this
mode.
Reusing the resource of only one cellular user:
The D2D pair reuses the resource of only one
cellular user who incurs the smallest
interference between them. The resources
which are shared by the D2D pair and cellular
users are divided into N parts uniformly, and
every cellular user uses one part of them in this
method. The D2D pair reuses the resource of
one of the users.
Reusing the resources of more than one cellular
user: With guaranteeing a minimum
transmission data rate of the cellular users, the
D2D pair can reuse the resources of more than
one cellular user. The resources which are
shared by the D2D pair and cellular users are
divided into N parts uniformly, and every
cellular user uses one part of them in this
method. The D2D pair reuses the resources of
some of the users.

This case, considered both capacity and throughput of
cellular and D2D users in cellular network by
considering single allocation model defined in [2]
“Reusing the resources of more than one cellular user”.
The model is developed by splitting a single cell into
multiple cells and prove that it achieves higher capacity
compared to the existing models.
IV. Claude Shannon’s
calculation

equation

for

Shannon information transmission
Shannon’s capacity is calculated as

capacity

𝑃

𝐶 = 𝐵 log 2 (1 + 𝑁 )In bits/second

C.

(1)

Where C is the system capacity, B is the total bandwidth,
p is power of the signal and N is power of the
background noise.It is sometimes rewritten as
Capacity=bandwidth * log2 (1 +SINR) [13].
The SINR received at the base-station for UE is [14]
𝑆𝑁𝑅

𝑆𝐼𝑁𝑅 = 𝜌 +𝑓

𝜌 𝑆𝑁𝑅

(2)

Where SINR is the signal to interference ratio, SNR is
the signal to noise ratio, 𝜌 is the SINR when all the
power is received on a single path and there is no
interference from other cells and 𝑓 is the ratio of othercell signal over own-cell signal.
Substituting in (1) we obtain
𝑆𝑁𝑅

𝐶 = 𝐵 log 2 1 + 𝜌+𝑓

𝜌 𝑆𝑁𝑅

(3)

Basing on Shannon’s equation for capacity calculation,
several formulas were developed to provide increased
capacity for better performance and to increase the
quality of service to the cellular users.
V.

System model and mathematical model
 System model

In this model, a single cell is split into multiple rings and
each ring consists of multiple small cells. Two scenarios
with this model was used where the first scenario has
tworings and thesecond scenario has three rings.Since
the aim is to improve the QoS in the cellular network by
increasing the capacity, the focus is on the calculation of
the system capacity for both scenarios in the Orthogonal
Frequency Division Multiplexing (OFDM) that is based
on LTE technology.

capacity

The paper of 1948 by Claude Shannon of Bell Labs, has
become the basis of the electronic communication
industry that is called the Shannon channel capacity or
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𝐶 = 1 − 𝑎 𝐵 1 − ∆ log 2 1 +
𝑎𝐵 log 2 1 +

𝑆𝑁𝑅𝑑2𝑑
𝑆𝑁𝑅𝑑2𝑑 ∗𝑓 +1

𝑆𝑁𝑅𝑐𝑒𝑙𝑙
𝑆𝑁𝑅𝑐𝑒𝑙𝑙 ∗𝑓+1

+

(5)

Where C is the capacity, 𝐶𝑃 is the cyclic prefix, 𝐵 is the
total bandwidth, 𝑎 is the bandwidth given to D2D UEs
and f is the ratio of other-cell signal over own-cell
signal.
In this case, the system capacity is calculated as function
of SNR. Consider cellular system with the ratio of othercell signal to own-cell signal f, System bandwidth B,
Cell radius R, Number of D2D cells M, Percentage of
dedicated Band Width for D2D a, Cyclic prefix
percentage CP, SNR of cellular users SNR Cell, and SNR
of D2D users SNRD2D.
The capacity for cellular system only is calculated as
shown in the equation (6), cellular combined with D2D
is shown in the equation (7) and reference equation is
shown in the equation (5).

Figure 2: System model, cell split
For scenario 1, it is assumed that ring 0 uses BS for
communication and ring 1 use D2D communication. For
scenario 2, it is assumed that ring 0 and ring 1 use BS for
communication while ring 2 use D2D communication. In
this scenario, it is also assumed that part of D2D users
and BS users may decide to use different communication
mode, that is, part of D2D users may decide to use BS
mode and part of BS users may decide to use D2D mode
which is described as backward compatibility.


Mathematical model
a.

∆
𝑇𝑠

∗ 𝐵 ∗ log 2 ( 1 +

𝜌
𝜌∗𝑓+1

)

𝑐𝑒𝑙𝑙 ∗𝑓+1

(6)
𝑆𝑁𝑅𝑐𝑒𝑙𝑙

𝐶 = 1 − 𝑎 𝐵 1 − ∆ ∗ log 2 1 + 𝑆𝑁𝑅
𝑆𝑁𝑅𝑑 2𝑑

𝑀𝑎𝐵 log 2 (1 𝑆𝑁𝑅

𝑑2𝑑 ∗𝑓+1

𝑐𝑒𝑙𝑙 ∗𝑓−1

+

)(7)

Where 𝑆𝑁𝑅𝑐𝑒𝑙𝑙 is signal to noise ratio for cellular users.
𝑆𝑁𝑅𝑑2𝑑 is signal to noise ratio for D2D users, M is the
number of D2D cells and 𝑎 is Percentage of dedicated
bandwidth (BW) for D2D.
b. Throughput calculation

Capacity calculation

The equation [4] is used to calculate the capacity for the
OFDM system.
𝐶 = 1−

𝑆𝑁𝑅𝑐𝑒𝑙𝑙

𝐶 = 𝐵 1 − ∆ log 2 1 + 𝑆𝑁𝑅

(4)

In this equation (4), ∆ is the cyclic prefix, Ts is the
OFDM symbol duration, ρ is the SINR when all the
power is received on a single path and there is no
interference from other cells and 𝑓 is the ratio of othercell signal over own-cell signal.
In this work, the OFDM reference equation is given in
(5).

In this case, the realistic case is considered when the
D2D communication is used together with the cellular
users taking the control overhead into consideration.
Before the D2D pairs start the communication they need
to discover each other and this requires additional
resources that have also been considered in this part.
Based on the OFDM frame structure, the calculation of
the percentage used for the protocol control overhead in
LTE cellular network is required.Here, it takes some
percentage of the total spectrum used by the cellular
user, and the remaining of the spectrum can be used for
the data transmission.
In this paper, throughput is defined as total number of
resources used by the user equipment excluding the
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number of resources used for control overhead. The
throughput is calculated for both the traditional cellular
and D2D communication, then the results are compared
with the ideal case when the control overhead and
discovering mechanism were not considered. Both the
throughput for OFDM based Scenarios are compared as
realistic case to the Ideal cases.
Since the interest is in the throughput calculation and as
the capacity used by the UE for data transmission
considering the control overhead and the discovery
mechanism excluded, then the total resources shared
between cellular users (Wcell) and D2D links (WD2D) are
calculated according to equation (8) and (9) respectively.

𝐶 = 1 − 𝑎 𝑊𝑐𝑒𝑙𝑙 1 − ∆ log 2

1+
𝑆𝑁𝑅𝑐𝑒𝑙𝑙
𝑆𝑁𝑅𝑐𝑒𝑙𝑙 ∗ 𝑓 + 1

+ 𝑎𝑊𝐷2𝐷 log 2 1
+

𝑆𝑁𝑅𝑑2𝑑
𝑆𝑁𝑅𝑑2𝑑 ∗ 𝑓 + 1

(12)
VI. Results and discussion
a. Simulation results for Capacity
Calculation

Where β1 describe the percentage used as protocol

In this simulation, two different values of 𝑓 were used as
shown in the simulation parameters table. This was done
to see how 𝑓 can affect the system capacity.The
simulation parameters are shown in Table 1 for both
scenarios in OFDM technology.

control overhead and β2 is the total percentage used as

Table 1: simulation parameters (input parameters).

Wcell= (1-β_1)B(8)
WD2D=(1-β_2)B

(9)

control overhead and discovery for D2D links.
For the OFDM, the interest is in the throughput as a
function of SNR, which represents the target signal to
noise ratio when all the power is received on a single
path and there is no interference from other cells as
described in 4.2. The other parameter is f, representing
the ratio of other-cell signal to own-cell signal.
The capacity for UEs communicating through base
station (cellular) only is calculated as in equation (10)
𝑆𝑁 𝑅𝑐𝑒𝑙𝑙

𝐶 = 𝑊𝑐𝑒𝑙𝑙 1 − ∆ log 2 1 + 𝑆𝑁𝑅

(10)

𝑐𝑒𝑙𝑙 ∗𝑓+1

Both D2D and cellular UE capacity is calculated in
equation (11).
𝑆𝑁𝑅𝑐𝑒𝑙𝑙

𝐶 = 1 − 𝑎 𝑊𝑐𝑒𝑙𝑙 1 − ∆ log 2 1 𝑆𝑁𝑅
𝑆𝑁 𝑅𝑑2𝑑

𝑀𝑎𝑊𝐷2𝐷 ∗ log 2 1 𝑆𝑁𝑅

𝑑2𝑑 ∗𝑓+1

𝑐𝑒𝑙𝑙

∗𝑓−1

+

(11)

Where 𝑊𝑐𝑒𝑙𝑙 is total resources given to cellular users

and 𝑊𝐷2𝐷 is the total resources given to D2D users.
In throughput calculation, we compare our results with
the equation (12) which is referred as reference equation.

parameter

symbol

Value

System bandwidth

B

10 MHz

Cell radius

R

1 Km

Range of cell signal

𝑓

0.5, 1

Number of D2D cells
in case 1

M

Number of D2D cells
in case 2

M

Percentage of
dedicated BW for D2D

a

Cyclic prefix
percentage

CP

SNR of cellular users

𝑆𝑁𝑅𝑐𝑒𝑙𝑙

5 to 10

SNR of D2D users

𝑆𝑁𝑅𝑑2𝑑

10 to 20

6

11.875

0.1

0.1

Simulation was done using 𝑓 =0.5 and 𝑓 =1. This was
done to see how the range can affects the capacity
against SNR in both D2D and OFDM cellular network.
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OFDM mode is always better than the basic OFDM-only
and the existing scheme, this shows that this scheme is
better, the reason behind is that the resources are reused
for D2D communication in all D2D cells as once D2D
UEs are connected, no more need for BS. As explained
earlier, BS is used for devices discovery and for
connection. Once D2D UEs are connected BS is released
and as result, other UEs can get connected or use the
available resources.

7

2.2

x 10

OFDM f=0.5
OFDM d2d nonOL f=0.5
existing f=0.5
OFDM f=1
OFDM d2d nonOL f=1
existing f=1

2

Capacity(bps)

1.8
1.6
1.4
1.2
1
0.8
0.6

5

5.5

6

6.5

7

7.5
SNR

8

8.5

9

9.5

10

Figure 3: capacity against SNR in 2 ring scenario.

In Figure 3 andFigure 4, OFDM refers to the
communication when all UEs are pure cellular users that
is the communication occurs under the intervention of
BS or communication is coordinated by BS, OFDM d2d
nonOL is when UEs use both cellular mode and D2D
mode for communication, and Existing is our reference
model.
x 10

ofdm f=0.5
ofdm with d2d nonOL f=0.5
existing f=0.5
ofdm f=1
ofdm with d2d nonOL f=1
existing f=1

Capacity(bps)

2.5

2

1.5

1

0.5

5

Comparing Figure 3 with Figure 4, it can be observed
that for the same f, when using non-overlapping sharing
scheme, the capacity in scenario 2 outperforms the
capacity in scenario 1. This is due to the f that in
scenario 2 there are 11.875 small cells for D2D while in
scenario 1 there are only 6 small cells for D2D. As a
result, scenario 2 has a higher reuse benefits compared to
scenario 1.
b. Simulation
calculation

7

3

So, in the proposed model, combination of D2D and
OFDM cellular mode or D2D as an underlay of cellular
network (4G), performs better than the reference or
existing scheme and normal cellular communication
(OFDM cellular only).

5.5

6

6.5

7

7.5
SNR

8

8.5

9

9.5

10

Figure 4: capacity against SNR in 3 ring scenario

From the figure 3 and figure 4 in both scenarios, it can
be observed that for either 𝑓 is 0.5 or 1, the capacity
increases as the target SNR increases. The performances
of the existing scheme and the basic cellular
communication mode are almost the same, the two has
slight difference but has little improvement compared
with the basic OFDM-only. The capacity of D2D plus

results

for

throughput

Consider the system model as described in section V
with the idea of orthogonal sharing plus spectrum reuse.
Then calculate the throughput for the two scenarios in
which the big cell is split. In the first scenario, see Figure
2 the middle small cell is called “Ring 0”, and the rest
“Ring 1”. Users in Ring 1 can use D2D communication,
while users in Ring 0 use only cellular communication.
In the second scenario, there are three rings. Ring 0 and
Ring 1 are the same here as in scenario 1, but we have a
“Ring 2”, which has 11.875 small cells. Users in Ring 2
are possible to use D2D while users in Ring 0 and Ring 1
can use only cellular communication.
By keeping 𝑓 as 0.5 or 1 we draw two sets of curves
corresponding to different equations and the parameters
in Table 1.
From the Figure 5, for either 𝑓 is 0.5 or 1 that the
throughput increases as the target SNR increases.
However the realistic case compared to the ideal case the
throughput is not very high but still D2D plus cellular
mode is always better than the basic cellular mode and
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the reference scheme, which means that our scheme is
better compared to the existing scheme.
As defined above, comparing the cases ideal and
realistic, gives the knowledge to know the amount of
bandwidth or the capacity used for control overhead.
This means that the realistic case show the capacity used
when the amount of bandwidth used for control overhead
is removed where as in ideal case it is considered as the
capacity of the system in general.

throughputs increase as the target SNR increases.
However, when D2D communication is used together
with cellular network more control overhead is required
since the base station needs to make sure that all
signaling information has been transmitted. In addition,
the discovery mechanism also requires some percentage
as described in this paper and this also increase the cost
for the protocol control overhead. Even though the cost
increases there is still a benefit in terms of quality of
service and offloading at the base station. The users
using D2D communication will bypass the base station
after their initiation, since they need only the base station
to help them finding each other and initiate their
communication. Therefore the base station will be
concerning only for the remaining cellular users and the
resources that was designed to be used by the D2D pairs
will be beneficial to cellular users not engaged in D2D.

Figure 5a & b: Comparison for the capacity and
throughput in OFDM based scenario 1
The analysis from the Figure 6 shows that there are more
benefits in terms of capacity when D2D is used together
with cellular mode. In reality the throughput is lower
compared to the capacity in ideal case. In general all the

Figure 6a &6b: Comparison of the capacity and the
throughput for OFDM based in scenario 2.
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VII.

communication with simple power control”, VTC Spring
2009.

Conclusion

In the proposed scheme, system capacity can increase by
splitting single cell into multiple cells.On the other hand,
D2D as an underlay incellular systems achieves higher
capacity than normal cellular system. Throughput was
discussed as the total capacity used for transmission by
removing the control overhead.
In this research paper, it is a proposed model in which
the capacity of the system that can be increased in both
OFDM systems by introducing the idea of D2D as an
underlay in OFDM cellular technology. In the proposed
model, Shannon’s equation for capacity calculation was
referredand developed several equations to enhance the
system capacity in cellular systems. Both our
mathematical and system models shows that
D2Dcommunication as an underlay archives high
capacity compared to traditional cellular system.
In addition the resource reuse is also the key for capacity
enhancement in the way that reusing resources offloads
BS and then other UEs can be served hence better QoS is
archived. This indicates that our proposed scheme is
better than the existing scheme.
In the next research work we shall work on LTEAdvance to evaluate how available spectrum can be
maximized as more spectrum is needed due to the
increasing of mobile devices thus data demand increase
keeping in mind the interference problem.
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