ICIC Express Letters ICIC International (©2018 ISSN 1881-803X
Volume 12, Number 7, July 2018 pp. 731-736

AN OPTIMAL RESOURCE ALLOCATION SCHEME FOR D2D
COMMUNICATIONS UNDERLAYING 5G-BASED
CELLULAR NETWORKS

CHONGDEUK LEE

Division of Electronic Engineering
Chonbuk National University
567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea
cdlee1008@jbnu.ac.kr

Received November 2017; accepted February 2018

ABSTRACT. As with 4G-based cellular networks, 5G-based cellular networks have an ef-
fect on a heavy traffic. A heavy traffic not only causes resources interference but also
wastes buffer cache resources and link resources in 5G-based cellular networks. In this
paper the objective of the optimal resource allocation scheme is to reduce the waste of
resources and to fairly schedule the traffic requests of CUE (cellular user equipment) and
DUE (D2D user equipment) to the resources. To realize this objective, this paper pro-
poses a novel traffic detection based resource scheduling scheme called TDRAS (traffic
detection-based resource allocation scheduling) scheme. The proposed TDRAS analyzes
the forwarded active traffics or mon-active traffics from CUFEs and DUEs and detects
whether the analyzed traffics are heavy traffic causing interference. Such detected traffic
types reduce interference and stably allocate cache and link resources. We show through
simulation analysis whether the proposed scheme allocates resources optimally.
Keywords: 4G-based cellular networks, 5G-based cellular networks, CUE, DUE, Traffic
detection

1. Introduction. Recently, the 5G-based cellular network has become a hot issue in the
communication environment, and the 5G system develops NRAT (new radio access tech-
nology) through core functions of 3G and 4G system and convergence network of WLAN
(wireless local area network). In order to guarantee 5G-based communication service, var-
ious technologies such as cellular technology, handoff technology, GSM (global system for
mobile communications) technology, WCDMA (wideband code division multiple access)
technology, small cell technology must be provided [1,2]. Especially, since the 5G-based
communication service is based on the D2D communication network, the optimal resource
allocation algorithm in the D2D communication network is very important in guaranteeing
the gigabit communication service. However, until now, standardization and international
standards for 5G mobile communication services have not been presented, and 5G com-
munication technologies after 2020 are expected to evolve into 100Gbps communication
technology, which is 1000 times faster than 4G-LTE technology. In particular, the optimal
resource allocation technique underlaying D2D communication is a technology capable of
actively responding to changes in mobile communication environments and business mod-
els and is a very important technology for guaranteeing gigabit communication services
[3]. Under the 5G-based cellular network environment, the success of gigabit communi-
cation services is to reuse limited radio frequencies and to minimize the waste of radio
resources. If it does not adequately reuse the limited frequency and radio resources, then
this not only lowers the communication quality of service (QoS), but also causes serious
communication overhead. One solution for effectively operating and managing limited
frequency and radio resources is the D2D-based resource allocation scheme [4,5]. D2D
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communication technology was an important technology for inter-device communication
underlaying the existing 4G LTE communication technology environment, and this tech-
nology will so be an important scheme for insuring gigabit communication service and
improving communication service in 5G-based cellular network environment. Thus, D2D
communication technology offers the advantage of reusing frequency resources and radio
resources without constructing additional infrastructure in a cellular network. However,
D2D communication underlaying a 5G-based cellular network causes significant mutual
interference between the cellular link and D2D link due to a large number of communi-
cation devices, unlike 4G cellular communications [6,7].

In order to solve this interference problem, [8] proposed an algorithm that minimizes
the interference between the D2D terminal and the cellular terminal by using statistical
techniques. This algorithm is a technique for reducing the size of interference by using
statistical techniques. However, this algorithm has a problem that it is difficult to measure
the size of different interference for each resource. [9] proposed a time hopping algorithm
to minimize resource interference between a cellular terminal and a D2D terminal. This
algorithm is a relatively efficient technique to mitigate interference between D2D links,
but it is difficult to group D2D link resources. In addition, these algorithms are a 4G LTE
based communication technique, and when the number of terminals is rapidly increased,
resource interference due to user traffic occurs very seriously.

As a result, they cause link degradation and resource interference. Therefore, this
paper proposes an optimal resource allocation scheme to reduce link degradation and
guarantee D2D communication service under 5G-based cellular networks. The proposed
scheme ensures optimal resource allocation for both cellular and D2D links and allows
fair scheduling of limited resources. The proposed paper is expected to be applied to 5G
mobile communication services and [oT (Internet of things), and we believe that it will
further accelerate the evolution of 5G cellular technology.

The rest of this paper is as follows. In Section 2, the system model for the proposed
scheme is described. Section 3 describes the main results. Finally, conclusions are de-
scribed.

2. System Model. In this section, we consider a 5G-based cellular network consisting
of N CUEs and M DUE:s for optimal resource allocation, and also we consider link pairs
for D2D-Tx and D2D-Rx to forward the traffics from the 5G-based cellular networks to
the evolved Node B (eNB). In the 5G-based cellular network, the eNB has buffer cache
resources and link resources for analyzing and storing traffic types. The proposed system
model is shown in Figure 1.

In the system model, D2D terminals have a link pair of D2D-Tx and D2D-Rx, and it
is assumed that the transmitting and receiving terminals exist within a certain distance.
In this process, due to heavy traffic, it meets C2D (cellular-to-D2D) link interference,
D2D-to-cellular link interference, and D2D link interference. In order to reduce these
interference, we propose a resource scheduling scheme to allocate the optimal resource
according to the traffic type.

2.1. Resource allocation scheduling. The resource allocation scheduling process is to
fairly allocate buffer cache resources and link resources to DUE and CUE traffic regardless
of distance, for which we apply the scheduling threshold a. The resource allocation
scheduling process is shown in Figure 2, and the scheduling threshold « is a measure for
filtering heavy non-active traffic.

Figure 2 shows the resource allocation scheduler for s1 in Figure 1, where s1, s2, and
s3 each have RBs (resource blocks). In Figure 2, it is necessary to detect the traffic
types transmitted from UE1l, UE2, and UE3 to find the cause of resource interference.
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Therefore, the RB index for detecting the RB corresponding to the cellular link in S1 is
defined as Equation (1) [7].

Definition 2.1.

. filtering
K* = arg max min aDUE—eNB (1)
ket2.. N €2, N

Here ot is the scheduling threshold a for filtering traffic that does not satisfy the

RB between D2D and 5G cellular cells. And N represents the number of cells in the 5G
cellular cell.

2.2. Non-active traffic control. If the resource allocation scheduler RAS does not
properly control non-active traffic, non-active traffic causes resource interference prob-
lems in the buffer cache and link, which results in poor link quality. To overcome this
problem, we consider burst time and buffer cache capacity for the resource allocation
scheduler. For this, we assume the burst time and the buffer utilization rate between
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the buffer queue occupancy [Qmin, @max] and the two points {(Qmin, Qmax), Cna(N)},
{(Qminy Qmax); CA(N)}

From the viewpoint of empirical analysis, non-active traffic has a large buffer occupancy
rate and a long burst time, while active traffic has an effective buffer occupancy rate and
short burst time. Therefore, the optimal resource allocation procedure considering buffer
occupancy rate and burst time is as follows.

Non-active traffic control procedure

Inle-t: ?7 [Qminu Qmax} and {(Qmin7 Qmax); CNA(N>}7 {(Qmim Qmax)y CA(N)}
Output:_) active traffics generated by RAS
Initial P =0
// P is the newly entered active traffic or non-active traffic.
while active traffics do
fori=1to N do
filtering

K* = arg max N ODUE N
ketz..n | n€EL2 ... N

end for
counter = (
fori=1to N do
if (o < 0.6) then
Ny=1
// N4 is the number of active traffics
counter = counter + 1
end if
end for
if (a > 0.7) then
// « is the scheduling threshold
return N4
end if
end while
If Cya(N) > Quax, then non-active traffics are controlled and consequently only active
packets remain in the buffer queue. Thus, this process prevents the consumption of link
resources, and this effectively allocates resources.

2.3. Link rate. If the resource allocation scheduler RAS fails to control non-active traffic,
the resource interference degrades link quality. In this paper, we consider transmission
delay Ty and transmission rate 7, between C2D, D2C, and D2D to guarantee link rate. In
a bG-based cellular network, since the quality of the radio link is variable with burst time
and size, it is assumed that the most recently measured result is more important than the

previously measured result. This means that dgg; is more important than ?d&;

the time interval is 0 < t; < t; < t. Therefore, in order to guarantee the link quality
for active traffic which causes less resource consumption, we measure the link rate L(¢;)

based on the statistical information ?E? ; in each time interval ¢;, and the link rate L(¢;)
T\"]

when

is defined as Equation (2).

Definition 2.2.
Tu(t))
L(t)) = (1 —a) x L(tj—1) + a x =—-2 2
(]) ( ) (] 1) T’l"(t]) ( )
Here t; is the current time. Then, P, = P, x L(t;) is updated, and the stability of the
radio link and the degree of resource interference are determined according to a. If « is
close to 1, it keeps the most recent resource information. On the other hand, if « is close
to 0, the link quality degrades and resource interference greatly increases.
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3. Main Results. In this section, we have performed a simulation analysis on CUEs
and DUEs. In order to perform the simulation, we performed the simulation by setting
the moving speed of the CUEs to 3km, 3 eNBs, and the bandwidth from 300MHz to
3.4GHz. It is assumed that there are 5 RBs each in the cellular band, and 80 CUEs
and 30 DUEs are assumed in each cell. It is assumed that there are 5 RBs in each of
the cellular bands, and each cell has 30 CUEs and 10 DUEs. CUE and DUFE — T, were
assumed to be uniformly distributed in the network, and DUE — R, was assumed to
have a maximum distance of D, = 20m. In order to measure the link loss, we apply
signal power to CUE and DUE, and the signal power of CUE is limited to —50dB and the
signal power of DUE is limited to —20dB. Non-active traffic control rate was measured
based on active traffic and non-active traffic, and we used the scheduling threshold . We
limited the maximum number of retransmissions to three times. We considered the burst
time and buffer occupancy rate between the buffer queue occupancy [Qmin, Qmax] and the
two points {(Qmin, @max), Cna(N)}, {(Qmin, Qmax), Ca(N)}. Figure 3 shows the average
traffic control rate for non-active traffic when the scheduling threshold « is applied. As
shown in Figure 3, if the number of non-active traffic increases for each traffics, the mutual
interference increases proportionally.
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Figure 4 shows the simulation results for 200,000 active and non-active traffics with
three groups when « is 0.3 or more, « is 0.5 or more, and « is 0.7 or more. As shown in
Figure 4, when « is less than 0.5, it affects the buffer queue, and it can be seen that the
average link transmission rate is decreased.

4. Conclusions. Under the 5G-based cellular network, traffic interference is expected
to increase even more due to the numerous device users. In this paper, we proposed a
novel traffic detection based resource allocation scheduling (TDRAS) scheme to realize
5G communication service by reducing traffic interference in 5G-based cellular networks.
The proposed TDRAS provides fair access to eNBs regardless of their location between
CUE and DUESs by identifying active traffic and non-active traffic. The proposed TDRAS
allowed the buffer cache resource to control non-active traffic more flexibly when traffic
congestion occurs on link resources. In order to control non-active traffic, we applied the
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scheduling threshold a to control the traffics generated by eNB. Simulation results show
that the proposed TDRAS effectively controls non-active traffic that causes resource in-
terference. For future study, we will continue to work on applying the proposed technique
to real 5G cellular network environments.
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