
Message from the IWCMC 2019 Chairs 
It is a great pleasure to welcome all participants to the 15th IEEE International Wireless Communications and Mobile 
Computing Conference (IEEE IWCMC 2019) in the beautiful city of Tangier, Morocco! We are indeed delighted that this 
year’s IEEE IWCMC accomplishes its goal under the conference theme of "Connecting the IoT" and continues its 
tradition of providing a premier forum for presentation of research results and experience reporting on the cutting edge 
research in the general areas of wireless communications and mobile computing. This year, we have received many 
submissions from more than forty countries. Each paper received three or more peer technical reviews, comprised of more 
than four hundred TPC members from academia, industry and government laboratories. After carefully examining all 
review reports, the IEEE IWCMC 2019 TPC finally selected about 38% high-quality papers for presentation at the 
conference and publication in the IEEE IWCMC 2019 proceedings.  

The conference program starts on Monday June 24th with a full day of Tutorials that are free of charge to all our attendees. 
This year, we have added a new event in parallel with the Monday Tutorials: the 5G Summit. This event has more than 14 
renowned speakers from around the world presenting their opinion about 5G and discussing the most recent advances 
through panel discussions and brainstorming. On the other hand, the tutorial speakers are Prof. Fumiyuki Adachi (Tohoku 
University, Japan), Prof. Huseyin Arslan (USF, USA), Prof. Ala Al-Fuqaha (HBKU, Qatar) and Dr. Junaid (ITU—
Punjab, Pakistan). Then, each day starts with a keynote speaker chosen from renowned world-class leaders in the area – 
Prof. Latif Ladid (University of Luxembourg, Luxembourg), Prof. Abdallah Shami (Western University, Canada), and 
Prof. Magdy Bayoumi (University of Louisiana, USA), highlighting the latest research trends in the wireless 
communications, mobile computing, and networks. This year, the technical sessions reflect the continued and growing 
interests in a wide range of spectrum, including wireless communications and networks, machine learning, wireless sensor 
networks, network security, next generation networks, vehicular communications and smart cities. Outstanding papers 
will be selected for Special Issues in prestigious international journals. Our objective in the future is to broaden the 
technical coverage and make this conference very competitive and of extremely high quality.  

The Organizing Committee would like to acknowledge the hard work and dedication of many people to make this event a 
success already. We want to thank all authors who submitted their manuscripts, as well as all the Symposia and Workshop 
Chairs/Co-Chairs, TPC members, invited reviewers for all their contribution to the conference. Special gratitude goes to 
IEEE as well as the IEEE Morocco Section for their technical sponsorship and to Mohammed V University of Rabat, 
Morocco for its support.  

We hope you all enjoy IEEE IWCMC 2019 technical program and find this conference a productive opportunity to 
explore, exchange ideas, make new friends, and renew old ones. It is a pleasure to have you this year and invite you to 
come back next year and contribute to IWCMC 2020 that will be held in Beirut/Byblos, Lebanon. 

Finally, we would like to dedicate this event to the memory of Prof. Mario Gerla (UCLA, USA) who passed away 
February 2019. Prof. Gerla was a strong supporter of IWCMC since its inception more than 15 years ago. The IWCMC 
personnel and steering committee will remember Mario forever! 
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Abstract—To enable the internet of things (IoT) devices with
increased coverage and optimized power consumption, the 3rd

generation partnership (3GPP) standardizes the idea of narrow-
band IoT (NB-IoT) technology in the fifth generation (5G) of
cellular communication. Re-transmission of control and data
packets due to a poor link between user equipment (UE) and
the base station (BS), is considered as one of the key feature
in NB-IoT to ensure the data delivery of delay-sensitive applica-
tions, e.g. ambulance services and body sensor networks (BSN).
This phenomenon degrades the energy efficiency of the already
resource constrained systems. One key solution for NB-IoT UE
is to exploit the device-to-device (D2D) communication using two
hops instead of transmitting on a direct uplink, due to which the
system performance increases. In an attempt to transmit the NB-
IoT UE uplink data packet, splendid researchers have focused
towards developing a D2D communication based strategy, which
typically optimizes the expected packet delivery ratio (EDR)
and end-to-end delay (EED) through an opportunistic method.
However, such methodology imposes an additional delay due
to the unavailability of active relaying nodes and increases the
overall energy consumption of the system. This necessitates us
to design an intelligent deterministic D2D (2D2D) relay selection
strategy for delay sensitive NB-IoT UEs. The EDR and EED
have been improved using deterministic programming based
algorithm. Simulations with various parameters are carried out,
and results are presented. Simulation results show that the
deterministic algorithm gives better performance with a 10%
increase in EDR and overcomes the additional delay.

Index Terms—Device-to-device (D2D) communication, deter-
ministic D2D (2D2D) communication, end to end delay (EED),
expected delivery ratio (EDR), heterogeneous network (HetNet),
narrow-band Internet of Things (NB-IoT).

I. INTRODUCTION

INTERNET of things (IoT) is the interconnection of smart
objects which are uniquely addressed, self-configurable,

and interoperable with the capability to sense and process
data [1]. IoT has paved the way for future wireless commu-
nication and the smart world. Currently, 23 billion devices
are connected to the internet [2], these numbers will stretch
to 30 billion by 2020 [3]. The tremendous growth of con-
nected devices and audio-video data requirement shifted the
equilibrium towards multimedia data from best effort data.
The extraordinary flourishing of IoT raises huge demands
for machine type communication (MTC). MTC is further
categorized into short-range MTC (range ≤10m), medium
range MTC (10m <range<100m), and long-range MTC (range

≥100m). Traditionally IoT devices are resource constrained
concerning processing power, memory and energy resources.
Long range MTC over such resource constrained devices
enhances the need for standardizing low power wide area
(LPWA) technology.

Narrowband-Internet of Things (NB-IoT) released by 3rd

generation partnership (3GPP) was designed for improved
spectrum efficiency, extended and in-depth coverage [4]. NB-
IoT is one of the LPWA technologies intended to have a
transmission range of more than 3 km in urban and 15 km
in open area with strong penetration capabilities for MTC [4].
Its prime objective is to target the devices that are expected
to operate for ten years or more [5]. NB-IoT is a novel
narrowband radio technology that can be directly deployed
in Global System for Mobile Communications (GSM) or
Long-Term Evolution (LTE) networks to reuse same hardware
and also share spectrum to reduce deployment cost. NB-
IoT requires 180 Kilohertz (kHz) of system bandwidth for
uplink and downlink within LTE spectrum, thus promoting
the limitations of system resources [6]. Efficient use of these
scarce resources enhances the challenges for IoT deployment.

IoT devices are mostly concerned with uploading the ac-
quired data towards sink node/gateway or cloud server. Ma-
jority of IoT based research presents efficient uplink data
transmission. To enhance the coverage, data transmission
repetition is adopted by NB-IoT. But increasing data reliability
with repetitions will cause spectral efficiency loss [7]. Also,
some MTC devices are utilized in deep indoor applications, an
additional penetration loss up to 20 dB can be anticipated. To
maintain uplink coverage, both narrow-band transmission rep-
etition and massive transmission time interval (TTI) bundling
lead to vast consumption of time and energy resources [8].
Therefore, it is vital to have a mechanism that is more energy
and resource efficient for wide deployment applications.

D2D communication provides an efficient mechanism to
transmit the NB-IoT UE acquired data to the BS using near-by
cellular devices, which act as relaying nodes to support D2D
communication in duty cycles. Researchers are anticipating
sparkles between NB-IoT and D2D communication as NB-IoT
is integrated into LTE standard. Some innovative work has
been presented in [9], in this article a trust-based approach
for effectual D2D improved compliant content uploading in
NB-IoT network is proposed. Petrov et al. [10] proposed
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Fig. 1. NB-IoT Deployment Modes.

opportunistic crowd-sensing application over NB-IoT with the
help of vehicle-based relaying system. Osama et al. in [11]
investigates the impact of mutual interference in D2D NB-IoT
UE and cellular UE transmitting in the same resource block
to increase the spectral efficiency of the system. Dynamic
programming based opportunistic relay selection D2D com-
munication model has been presented in [12], which exploits
the D2D communication to select the UE from the UE relaying
group to upload the priority data to BS. Authors formulate two
optimization problems to maximize the expected delivery ratio
(EDR) and minimize end to end (two hop) delay (EED). This
scheme shows an EDR of approximately 88% while using
a power level of 1 dBm, and this can be increased while
increasing the transmission power of NB-IoT UE.

In the above-mentioned work [12], a UE is only able to
transmit on the active relaying node in the duty cycle if it gets
the opportunity. If the transmission fails, UE re-transmits on
next scheduled relay node from relaying group or the packet
drops after a certain threshold time interval. In a practical
approach, to transmit on opportunity basis and re-transmit
on failure eventually results in significant consumption of
energy resources and induces huge delay. Since for delay-
sensitive applications such as monitoring the vital sign of
a heart in smart hospitals, nuclear reactor surveillance in
smart industry, regulating heavy traffic in smart city etc.,
this amount of packet drop and delay is not tolerable. To
the best of our knowledge, none of the above-mentioned
work considered the deterministic selection of the relay node.
To deal with this issue, a deterministic D2D relay selection
approach for NB-IoT UE, exploiting D2D communication as
uplinks routing extension for NB-IoT has been presented in
this article. We name this approach as Deterministic Device-
to-device (2D2D) communication. The proposed mechanism
augments the energy efficiency by increasing data delivery
ratio and minimize end-to-end delay.

The rest of the paper is organized as follows: Section
II presents background on NB-IoT technology and D2D

Fig. 2. NB-IoT Frame Structure.

communication. Section III highlights the system model and
the proposed scheme. Performance evaluation in comparison
with baseline algorithm is presented in Section IV. Section V
concludes the overall article. Moreover, a list of symbols used
throughout the paper is listed in Table I.

II. BACKGROUND

A. Overview of Narrowband-Internet of Things

1) NB-IoT Deployment: NB-IoT requires a minimum of
180 kHz bandwidth in both uplink and downlink transmission.
NB-IoT uses one LTE Physical Resource Block (PRB) in the
frequency domain which splits into 12 subcarriers of 15 kHz
each. NB-IoT supports three different modes of operations
which can be directly deployed in the GSM or LTE spectrum
to reduce deployment costs. The deployment mode should be
translucent to the UE when it is powered on and searches for
NB-IoT carrier [13]. Fig. 1 shows the three deployment modes
of NB-IoT.

• In-Band Mode: NB-IoT is deployed within LTE carrier
that is, one or more PRB are reserved for NB-IoT. The
total evolved-NodeB (eNB) power is shared between LTE
and NB-IoT.

• Stand-Alone Mode: NB-IoT is deployed within 180 kHz
of GSM spectrum. In this mode, NB-IoT can utilize the
BS transmit power which will considerably improve the
coverage.

• Guard-Band Mode: In this mode, NB-IoT is deployed
within the resource block of LTE guard-band.

2) Uplink and Downlink Transmission: NB-IoT uses the
same frame structure and numerology of LTE to assist in
interoperability with LTE. Downlink uses the same 10 ms
long frames of LTE which are composed of 10 sub-frames
of 1 ms each. Sub-frames are further divided into two slots
of 0.5 ms each. Each slot carries seven orthogonal frequency
division multiplexed (OFDM) symbols and a normal cyclic
prefix (CP). Fig. 2 exhibits the NB-IoT frame structure. Uplink
supports single tone and multi-toned transmissions whereas,
the single tone further supports two numerologies, i.e., 3.75
and 15 kHz, the former numerology uses 2 ms slots, and the
latter is identical to LTE. Multi-tone transmission is single
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TABLE I
SYMBOL USED THROUGHOUT THE PAPER

Symbol Meaning
δ Packet uploading duration
β SNR threshold
α Gain threshold
gn Gain of user n
Rreq Residual energy threshold
Pn Received power of user n
Rsn Residual energy of user n

carrier frequency division multiple access (SC-FDMA) based
with same 15 kHz subcarrier spacing. Quadrature phase shift
keying (QPSK) or binary phase shift keying (BPSK) is used
for uplinks, while only QPSK is allowed for downlinks [14].
Typically NB-IoT supports 160-200 kbps of the data rate
for uplink transmissions and 160-250 kbps of date rate for
downlinks [4].

B. Device-to-device Communication

Device-to-device (D2D) communication provides a promis-
ing solution in the next-generation cellular network, the 5G.
D2D is a proximity-based service (ProSe) which refers to the
direct communication between nearby devices without taking
network infrastructure into account [15]. D2D was introduced
in 2012 after the introduction of LTE release 12 [16]. D2D
communication has been standardized in 3GPP to discover and
communicate between two devices. The ability of LTE radio
interface enables a D2D device to find nearby devices and
transmits data towards base-station (BS) using nearby device
resources assigned by BS as a relay when the direct link to
the BS is not possible. This will lead towards better utilization
of spectrum re-usability, and successful data transmission can
be achieved with lower transmission power.

III. SYSTEM MODEL AND PROPOSED SCHEME

A. System Model

To keep our system model more straightforward, we have
considered a two-tier HetNet, having a macro-cell base sta-
tion (MBS) surrounded by some UEs, respectively. In the
experimental setup, we have randomly generated R UEs and
have uniformly deployed them. The MBS is placed in such a
way that it is located in the centre of the cell, surrounded by
the UEs as shown in Fig. 3. A Rayleigh fading channel has
been considered between each transmitter and receiver pair.
For Rayleigh fading, the channel gain between each pair is
exponentially distributed, i.e. g = exp(γ). Furthermore, the
power received at a distance d from the transmitting device
can be calculated as:

Pr = Pt.g
−µ, (1)

where µ is the path loss exponent and Pt is the transmit power.
For this setup, we have focused on the uplink transmission of
NB-IoT UE, and assume that each NB-IoT UE has to upload

Fig. 3. System model.

the packet at a given time slot t. For the simulation purpose,
we have considered minimum one NB-IoT UE is having a
poor link with the MBS. A list of UEs is selected using our
deterministic approach, explained in the later subsection, to
relay a packet of NB-IoT UEs. Moreover, we have assumed
that NB-IoT UEs can upload their packets in two hops, i.e.
the first hop is between the NB-IoT UE and the relaying
UE whereas, the second hop is between relaying UE and the
MBS. A unique subcarrier is allocated to each UE to avoid
the cross-tier interference. The selection of UEs for relaying
the information of NB-IoT UEs strictly depends upon the
channel condition and the transmit power. For comparative
analysis, we have considered two parameters, i.e. end-to-end
delay (EED) and expected packet delivery ratio (EDR) of the
total packets transmitted by the NB-IoT UEs, and correlated
our proposed technique with a state-of-art technique available
in the literature. The EED is being calculated in hops, with
packet covering one hop is taken as 1 unit of delay, and every
missed opportunity is added as 0.35 units of additional delay,
i.e. τ . For, packet delivery ratio (PDR) every successful packet
delivered at the MBS is taken as 1 unit. Overall the average
percentage is calculated over a T time duration.

B. Proposed Scheme

An intelligent deterministic approach 2D2D is presented to
minimize the delay of NB-IoT UE traffic and to increase their
packet delivery ratio. Using our proposed scheme, the MBS
selects a group of UEs, by analysing their channel gain and
the residual energy available to facilitate D2D communication.
Based on these parameters the MBS evaluates the pilot signal
of each UE and compares them with the set threshold param-
eters, i.e. β, α and Rreq respectively (see Table I). After the
evaluation, the MBS intelligently assigns a rank to each user,
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Algorithm 1 Deterministic device to device communication
(2D2D)

1: INPUT (β, gn, α,N ,Pn,Rsn)
2: Step 1: Selection of D2D UEs
3: for a = 1, . . . , N do
4: if Pn(a) > β then
5: if gn(a) > α && Rsn(a) > Rreq then
6: Push N(a) UE in a new array Y [a]
7: Push gn(a) in a new array X[a]
8: Push Rsn(a) in a new array Z[a]
9: end if

10: end if
11: end for
12: Step 2: User sorting and rank assignment
13: for b = 1, . . . , length(X) do
14: for c = 2, . . . , length(X) do
15: if X[b] > X[c] && Z[a] > Z[c] then
16: Push value in new array K[b]
17: K[b] = Rank1
18: end if
19: end for
20: end for
21: OUTPUT List of selected users Y [ ] for D2D communi-

cation
22: Step 3: Packet uploading strategy
23: for d = 1, . . . , δ do
24: Analyze the information received from Y [a] users
25: for s = 1, . . . , length(K) do
26: Find the highest Rank in K[b]
27: Recheck the α and Rreq
28: if gK[b] > α && RsK[b] > Rreq then
29: Select Y [a] user for D2D communication
30: end if
31: end for
32: end for

using the calculated value in decreasing order, i.e. 1 for the
highest value and n for lowest value.

Algorithm 1 provides more insight into the proposed tech-
nique. Overall the algorithm works in 3 stages. For the
selection UEs to perform 2D2D communication, in step 1,
the algorithm analyses the pilot signal at MBS using the
SNR threshold β, gain threshold α, received the power of
UE Pn, and the residual energy Rsn respectively. In step 2,
the algorithm sorts the information gathered from step 1, and
intelligently assigns the selected UEs with a rank, if they fulfil
the set conditions. The output of this stage will equip MBS
with a list of UEs that can be used for 2D2D communication.
In step 3 of the algorithm, the following procedure is followed
to upload the data of NB-IoT UE at the MBS:

• The NB-IoT UE transmits a pilot signal if it has data to
upload at MBS.

• The transmitted pilot signal is received by the selected
UEs or one of the UE available for the D2D communi-
cation.

• The relay UEs that receives the pilot signal from the NB-
IoT UE updates the MBS.

• Using the artificial intelligence (AI) based ranks and the
current situation of each UE to handle the packet, the
MBS allocate a relaying UE for the NB-IoT UE.

• The designated UE will respond to NB-IoT UE, and
synchronise with it to receive its information in duty
cycles.

IV. PERFORMANCE EVALUATION

To evaluate the performance of our proposed approach, we
have performed simulations in the MATLAB. The simulation
results are compared with one of the opportunistic D2D
communication scheme [12] for NB-IoT UEs. For simulation
setup, a total number of N = 25 UEs are considered. The
coverage area of MBS is set as 150 m2. The path loss exponent
µ is set as 3.5. The SNR threshold β is selected as -120 dBm.
The transmit power of NB-IoT UEs varies from 1 dBm to 8
dBm, whereas the transmit power of relaying UEs is fixed as
10 dBm. The value of noise power density No is assumed
to be -70 dBm. For these simulations, we have calculated
the residual energy Rsn based on the assumption that rank
1 UE has more residual energy in comparison to other UEs.
For one unit reduction in received power Pn of selected UE
is considered as one unit reduction in residual energy of the
same UE. In the simulation setup, the required residual energy
threshold Rreq is similar to the SNR threshold β. The gain
threshold α is assumed as -6 dBm, whereas the gain of each
UE gn varies exponentially.

A. Simulation results

To validate our proposed model, we have calculated EED
and EDR respectively and compared our results with a state-of-
art technique available in the literature [12]. In Fig. 4, the EED
is plotted against the varying transmit power of an NB-IoT UE.
It is quite evident that our proposed scheme shows a stable two
hop delay even for a low transmit power. This trend can be
explained from the fact that using the 2D2D approach the NB-
IoT UE does not face any extra delay due to unavailability of
free slots in the duty cycle of the relay UEs. Moreover, an
extra precaution in terms of channel gain and residual energy
is considered for the selection of relaying UE to perform D2D
communication. In comparison, the variation of delay in [12]
can be explained using the opportunistic approach of the NB-
IoT UE, while transmitting a packet. In [12], the relaying
UEs facilities the packets of NB-IoT UEs whenever there
is a free slot in their duty cycle. Moreover, the total energy
consumption can be reduced by avoiding the unnecessary re-
transmission of the packets by the NB-IoT UEs.

In Fig. 5, we have shown a trend of end-to-end packet
delivery ratio with varying transmit power of an NB-IoT UE.
For this experimental setup, we have transmitted 100 packets
from an NB-IoT UE at varying transmit power levels. The
increasing trend in both curves can be explained using the
variation in transmit power levels. The increase in transmits
power to increase the received signal strength at the MBS and
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Fig. 4. Estimation of end-to-end delay experienced by the NB-IoT UE to
upload the data at the MBS by using varying transmit power levels.
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Fig. 5. Estimation of end-to-end packet delivery ratio over a given time
interval experienced by the NB-IoT UE to upload the data at the MBS by
using varying transmit power levels.

hence results in increased packet delivery. In comparison to
[12], our scheme shows an improved performance by 10%.
Furthermore, for low transmit power of 1 dBm, our scheme
shows a packet delivery ratio of 90%.

V. CONCLUSION

In this paper, we exploit a D2D communication approach
as a routing extension to NB-IoT which enables the two-
hop route to serve NB-IoT UE. A deterministic D2D (2D2D)
algorithm is proposed to maximize the EDR and to minimize
the EED. Simulation results illustrate that proposed 2D2D
algorithm outperforms the state-of-art technique available in
the literature. Our approach results in an increased packet
delivery ratio for NB-IoT UEs even with low transmit power.
Hence, making 2D2D approach an excellent candidate for
the energy efficient and delay sensitive NB-IoT applications
incorporating the D2D communication. Moreover, the EED is
restricted to two hops by ensuring the availability of relaying
UEs to support NB-IoT UEs. In the current version of the
proposed 2D2D algorithm, re-transmission is not considered.
Efficient re-transmission techniques need to be investigated for
improving EDR. Further, implementation of machine learning
based relay selection is expected to be our future work.
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