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ABSTRACT
Internet of Things (IoT) enables the connection of physical objects to the internet for exchanging
information. Due to the massive number in IoT devices, cellular traffic is increasing exponentially
in the wireless networks. IoT devices require low latency, high reliability and massive connectivity.
Fifth Generation (5G) networks are expected to provide promising solutions to meet the demands
and improve the performance of IoT systems. 5G offers low latency, high reliability, and efficient
data transmissions for large number of connected IoT devices. IoT systems employ gateways for effi-
cient connectivity of various devices. Gateways have capabilities of integrating various protocols,
handling data storage temporarily, analyzing the data, and transmitting that data between edge
devices and cloud. IoT devices transmit data in frequent intervals, causing the gateway to be active
all the time, leading to the increase in power consumption of the gateways. In this article, we focus
on applying Discontinuous Reception (DRX) mechanism to IoT gateways. The proposed DRX at IoT
gateways reduces the power consumption and improves the energy efficiency of IoT gateways. The
work improves the energy efficiency of gateways by almost 30%compared to Relay Energy Efficiency
(REE) based scheme.
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1. INTRODUCTION

IoT connects various deployed sensors and devices to
the cellular networks for transmitting information. Cisco
prediction report shows that the massive increase in the
number IoT devices such as, smart traffic sensors, wear-
ables, smart homes, smart health care, retail business, and
smart agriculture will reach to 500 billion in 2030 [1].
With the increasing number of IoT devices, cellular traf-
fic demand will be increase and will require high data
rates. Fourth Generation (4G) cellular systems experi-
ences significant challenges while supporting wide range
of IoT applications [2]. 5G technology is a paradigm shift,
which includes mmWave frequencies, extreme densifi-
cation, directional interface, cloud technologies etc. to
offer ultra-high data rate, better coverage, higher quality
user experience, massive connectivity and extremely low
latency [3]. It has a potential to support different appli-
cation class like Ultra-Reliable Low Latency Communi-
cation (URLLC), enhanced Mobile Broadband (eMBB),
and massive Machine Type Communication (mMTC).

5G technology envisions to provide great connectivity
to the IoT devices. Unfortunately, IoT devices tend to
consume a large amount of power, draining their bat-
tery rapidly [4]. To increase the energy efficiency of
the IoT devices in cellular networks, 3GPP standards

propose Discontinuous Reception (DRX) mechanism in
LTE. DRX allows IoT devices to move to sleep state, and
save power, in case there is no intimation of arrival of data
packet [5]. However, the current LTE DRX is not suitable
for 5G networks due to its directional air interface [6].
Devices have to search and align to the best beam pairs
between the transmitter and the receiver, before trans-
mitting the data. Therefore, DRX mechanism for saving
the battery of the 5G-enables IoT devices needs to be
investigated.

The IoT architecture typically consists of sensing layer,
gateway API layer, and application layer. The gateway
connects the physical objects to the cloud via. gateway
API layer [7]. The IoT gateway performs several func-
tions such as the device integration, protocol adaptation,
cleaning and preparing data, security, and data manage-
ment. Gateway allows IoT devices to collect and transmit
data periodically to the cloud network. Hence, it remains
in active all the time in order to receive and transmit data.
This increases the power consumption of IoT gateways.
Energy efficiency thus becomes an important considera-
tion while designing IoT applications and IoT gateways
[2]. Most of the research works until now only focus on
energy efficiency of IoT devices [4,5]. However, it is also
important to save the energy of IoT gateways.
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In this article, we attempt to design and analyze the power
saving of the 5G-enables IoT gateway network. Precisely,
the major contributions of this article are as follows:

• We propose a beam-aware based DRXmechanism for
IoT gateway in 5G networks, to save energy of the IoT
gateways.

• We analyze the DRXmechanism usingMarkovmodel
to estimate the power consumption of gateways during
the transmission and reception of data.We propose an
algorithm to calculate the delay and energy efficiency
of the IoT gateway.

• Ourwork shows that DRX at the IoT gateway saves the
energy by almost 30% compared to Relay Energy Effi-
ciency (REE) based DRX mechanism. Additionally,
the analysis results show that the increase in activity
timer reduces the delay observed by IoT devices.

The remainder of the paper is organized as follows.
Section 2 discuss about the recent works related to power
saving mechanisms of IoT device. Section 3 elaborate
the IoT gateway model and DRX mechanism. Then, we
describe our proposed work, which is beam-aware DRX
mechanism in IoT gateways. The performance of DRX
with IoT gateway using different parameters is described
in Section 4. Our paper is concluded in Section 5.

2. RELATEDWORKS

Famous British technology lead, KevinAshton coined the
term IoT to describe the network of connected objects in
the physical world, to the Internet for sharing the infor-
mation [8]. These objects can assign IP addresses to wide
variety of devices, inclusive of home automation devices,
health care apparatus, security cameras, and traffic mon-
itoring sensors. IP-based communication protocols facil-
itate ubiquitous connectivity for IoT devices [9]. Few
traditional communication protocols in IoT include Wi-
Fi, LTE/LTE-A, Z-wave, Bluetooth, and ZigBee. Many
IoT applications use Wi-Fi, which can exchange the data
within 100m range. Wi-Fi protocol suffers from inter-
ference with the increasing number of connected IoT
devices. Bluetooth connects the IoT devices having very
short transmission range. This protocol avoids interfer-
ence and consumes very low power. However, Bluetooth
has problem of loosing connection due to short commu-
nication range and poor security settings. Hence, these
communication protocols fail to connect the large num-
ber of IoT devices for ubiquitous connectivity.

Gateway is the new paradigm to emphasize devices con-
nectivity to the internet. Zhong et al. [10] developed a
five layer IoT gateway architecture for better connectivity.

These layers include (1) Presentation layer, (2) Applica-
tion support layer, (3) Network transmission layer, (4)
Network access layer and (5) Perception layer. The gate-
way is located in the middle of perception layer, net-
work transmission layer, and network access layer among
these five layers of IoT architecture. IoT gateway allows
the communication between the IoT devices and cloud.
Gateway can be installed at the edge of the IoT net-
work. It provides downstream connectivity to multiple
devices via Ethernet, Wi-Fi, or Zigbee protocols. For
the upstream traffic gateway use LTE/5G base station or
any other available near by networks. Gateway hardware
unit uses high-level embedded Micro-Controller Unit
(MCU), which performs low level device management,
cloud server role, and remote computation services. Sin-
gle MCU cannot perform the various tasks like big data
analysis, system management, and real-time data deliv-
ery. Hence, a powerful architecture for Industrial-IoT
(IIoT) was proposed by Wang et al. [11], which saves
the device power. This architecture comprises of sensors,
service hosted networks, a cloud, and edge applications.
The proposed architecture includes three layers, namely,
sense, gateway, and control layer. This substructure sup-
ports the network traffic load and increases the life span
of networks.

IoT applications require IoT devices to be deployed
under sea, inside human bodies, forests, or far-flung
places. Usually, IoT devices are active all the time, to
collect and transmit the data. Hence, IoT gateways also
need to be in active mode to communicate between
IoT devices and the cloud. The main challenge in these
areas is the replacement of battery for the IoT devices
and the gateways. Wang et al. address the battery power
drainage problem by maximizing the energy saving in
the hybrid energy powered cellular networks for power
grids [12]. Moreover, these authors also proposed a base
station sleeping algorithm tomodify the sleeping or non-
sleeping state of base station in real-time traffic condi-
tions. Zhong et al. adopted the DRX mechanism to save
the device power [13]. DRXmechanism allows the device
to sleep in the absence of data. The existing studies show
the utilization of DRX to save the energy only for IoT
devices [14,15]. However, to our best knowledge DRX
mechanism is not used in gateways until now. Power sav-
ing in the IoT gateway is also essential, because gateways
have to handle many additional functions like proto-
col translation, big data analysis, management of IoT
network, handling real-time traffic, and security.

Recently, the gateway power saving problem is focused by
few researchers. Chen et al. [16] proposed a multi-MCU
system of IoT gateways that can reduce the real-time
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power consumption. Authors in [17], developed a multi-
tier framework for Trans-active Energy (TE) manage-
ment system. This architecture consists of edge gateways,
local fog nodes, and cloud server. Moreover, they also
developed CoAP/HTTP nodes for gateways, which can
collect the data from the customer devices and can carry
to gateway. Authors also proposed an openADR proto-
col to be executed on the gateway, which furnishes the
details about energy usage of customers and power con-
sumption of each device in LTE network [17]. However,
due to the immense amount of IoT devices and real-
time applications, LTE is not suitable to support current
IoT networks. Hence, 5G networks are efficient to sup-
port large number of IoT devices and big data produced
by numerous IoT applications. Saxena et al. [2] devel-
oped a 5G gateway with efficient compression schemes.
This gateway improves the resource utilization of IoT
gateway.

3. SYSTEMMODEL

This section briefly describes the IoT gateway network
model, the DRX mechanism in LTE/LTE-A, and Beam-
aware DRX mechanism in 5G networks. We proposed
Beam-aware DRX mechanism for IoT gateways in 5G
network. Additionally, we analyze the performance of
proposed work using Markov model.

3.1 NetworkModel

Figure 1 shows the IoT network model, which consists
of various IoT devices connected via gateway and eNB
to the cloud. These devices can perform sensing func-
tions and transmit the sensed data to the eNB via gate-
way. The interface between IoT gateway and sensors

keeps the track of all the connected devices. IoT gate-
way connects the devices to cloud, using 5G wireless
network.

3.2 DRXModel

DRX mechanism in LTE/LTE-A is handled by Radio
Resource Control (RRC) in eNB. If there is no transmis-
sion/reception for a certain period of time, IoT device
can turnoff its radio circuitry to save the power. LTE
DRX has two working states, (1) RRC connected and (2)
RRC idle [5]. During RRC idle state, IoT device mon-
itors the paging signals, and in RRC connected state
these devices transmit or receive the data. We will con-
centrate on DRX in RRC connected state, The device
transmits/receives the data only in RRC connected state.
The main parameters in LTE DRX mechanism are:

(1) Short DRX sleep cycle (tss): The device moves to the
short sleep cycle, if there is no exchange of data but,
expects data transmission in near future.

(2) Long DRX sleep cycle (tls): After the expiry of short
sleep timer, the users transits to long sleep cycle and
saves power.

(3) DRX inactivity timer (tin): Refers to the period of
time when the user and no data to transmit or
receive.

Each sleep cycle consists of OFF period and very short
ON period.

Similarly, DRX in 5G requires the IoT devices to search
for best beam pairs in addition to sleep cycles. Kwon et al.
suggest the DRX mechanism for 5G, where device sleeps
andmeasures right beam pairs in OFF period [18]. How-
ever, in the ON time device sends a feedback to the eNB

Figure 1: IoT network model with gateway
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Figure 2: Beam-aware DRX model

and receives the data packets. Although, the knowledge
of best beam pairs is crucial in 5G communication but
it increases the latency and power consumption of IoT
devices. In case of non-availability of suitable beam pairs
in the ON time, the incoming packets are not served and
device has to wait for the next ON period.

3.3 Beam-aware DRXMechanism for 5G

Beam-awareDRXwas proposed in [19], where a device is
ON, it gets the information of the best beam pair through
the control channel and serves the packet. In this arti-
cle, we propose a beam-aware DRX mechanism for IoT
gateway. Figure 2 represents the beam-aware DRXmech-
anism in IoT gateway, where B1,B2 . . . ,Bn are the differ-
ent beam patterns of eNB. For, instance, B1 being the best
beam pair aligns to the gateway, to transfer D data pack-
ets. After the expiry of short DRX sleep cycle, the gateway
transits to ON state after getting an information of the
best beam pairs. The gateway wakes up time is denoted
by (tw), and check for data packets in this time period.
Gateway only transits to the active state after getting data
and the information of best beam pairs. Otherwise, it fol-
lows the next short DRX sleep cycle. Gateway will follow
the same procedure until short DRX sleep cycle timer
expires. After that the gateway switches from short DRX
sleep cycle to long DRX sleep cycle. In long DRX sleep
cycle, gateway transits to active mode if there is an indi-
cation of incoming data, else gateway transits to idle state
after predefined number of long sleep cycles.

3.4 MarkovModel for Beam-aware DRX

This section covers the Markov model-based analysis of
our proposed scheme. As shown in Figure 3, Markov
model consists of three states: (1) active state SA, (2) short

Figure 3: Markov model

sleep state SS(i), and (3) long sleep state SL(j). Short sleep
state can vary from i = 1 to Ns, similarly long sleep state
can ranges from j = 1 to NL.

Algorithm 1 represents the flow of our proposed scheme.
If any data packet arrives at the gateway before inactivity
timer expires, gateway remains in the active state. After
receiving the information about the best beam pair over
the control channel and it serves the packets. Once the
packet is served the inactivity timer again initializes [20].
However, if there is no data packet in the buffer and the
inactivity timer (tin) expires, the gateway can transit from
Active state SA to Short Sleep State SS(i). If in case, the
data packet arrives, it transits from Sleep state SS(i) to
Active state SA and serves the packet. If there is no intima-
tion of packet arrival, the gateway transits from the state
SS(i) to SS(i + 1), until short sleep cycle timer expires, i.e.
tss = tin × Ns. If no data packet arrives until the expiry of
DRX short sleep cycle timer, the gateway switches from
short sleep state SS(i) to long sleep state SL(j) and saves
power. If case of arrival of data packet, the gateway tran-
sits from state SL(j) to state SA, receives the information of
best beam over the control channel and serves the packet.
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Algorithm 1 Delay calculation E[D] and energy effi-
ciency η for IoT gateway
1: Input: tin, tss, tls, ton,Ns
2: if Data is in buffer then
3: Check control channel for best beam and serve

the packets
4: else
5: Wait for tin
6: Initialize Ns
7: if tin = 0 and buffer data = 0 then
8: Go to Short sleep State
9: At the expiry of Short sleep time tss
10: Check for packets
11: if Data is in buffer then
12: Go to 3
13: else
14: Go to 8
15: if Ns = 0 then
16: Go to Long Sleep State
17: At expiry of Long sleep time tls
18: Check for data
19: if Data is in buffer then
20: Go to 3
21: else
22: Go to 16
23: End
24: End
25: End
26: Calculate: E[D] and η using Eq. 11 and 12

However, if there is no packet in the buffer it remains in
state SL(j) for tls duration.

Let πA, πS(i), and πL(j) represent the steady-state prob-
ability of the states SA, SS(i), and SL(j). We con-
sider periodic IoT data modeled with Poisson distri-
bution. We consider the data arrival rate (λ) as posi-
tive. The state transition probability of each state can be
calculated as:

PA,A = P[T ≤ tin] = 1 − eλtin (1a)

PA,S1 = P[T > tin] = e−λtin (1b)

PS(i),S(i+1) = P[T > tss] = e−λtss (1c)

PS(i),A = P[T ≤ tss] = 1 − e−λtss (1d)

PS(Ns),L(1) = P[T > tss] = e−λtss (1e)

PL(j),L(j+1) = 1 (1f)

PL(NL),A = P[T ≤ tls] = 1 − e−λtls (1g)

To calculate the steady-state probability πA, πS(i), πL(j),
we can solve the balance equations

πA = πS(1)

PA,S(1)
(2)

Ns∑
i=1

πS(i) = π(1,1)
1 − e−λtssNs

1 − e−λtls
(3)

πL(j) = π(1,1)
e−λtssNs

1 − e−λtls
(4)

π(1,1) =
[

1
e−λtin

+ e−λtssNs

1 − e−λtss
+ NL

e−λtssNs

1 − e−λtls

]−1

(5)

3.5 Power Consumption of Gateway

Wewill now calculate the power consumption of the gate-
way during transmission and reception of data packets.

3.5.1 Power Consumption in Reception of Packets
The gateway receives the data from many IoT devices
during the ON state. First, we compute the average time
spend in ON period of the gateway. An average ON time
of gateway with n dependent devices is as follows,

TON(n) = πA(n)
tin
tss

+
Ns∑
i=1

πS(i)(n)
tw
tss

+ πL(j)(n)
tw
tls

(6)

During the ON period gateway consumes maximum
power and the power consumption depends on the num-
ber of IoT devices. The power consumed by IoT gateway
during TON is calculated as:

Pr = PONTON(n) + Psleep(1 − TON(n)) (7)

where Psleep and PON are the amount of power consumed
by the gateway in the sleep time and the ON time, respec-
tively. Power consumed by the gateway during the sleep
period depends on the short sleep cycle and long sleep
cycle used

Psleep =
Ns∑
i=1

πS(i)(n)(Pbm + Pfb) + πL(j)(n)(Pbm + Pfb)

(8)

where Pbmand Pfb are the power consumption of gateway
during beam measurement period and feedback period.

3.5.2 Power Consumption in Transmission of Packets
Relation between transmitted bits and the Signal-to-
Noise Ratio (SNR) is calculated in accordance with Shan-
non’s theorem,C = TtrWlog2(1 + S/R), whereC is num-
ber of bits to be transmitted, Ttr is time taken for trans-
mission, W is bandwidth of the channel in MHz. The
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relation between SNR and transmission power Pt is given
by Pt = S/R + PN0 + PL, where, PN0 denotes the noise
power. The path loss between gateway and devices is
denoted as PL. We use the path loss model called NYU
RMa model described in [21]. This is an empirically-
based CIH RMa path loss model for Line of Sight (LOS)
and Non Line of Sight (NLOS) communications and
given as:

PL[dB] = 32.4 + 20 log10(fc)

+ 23.1
[
1 − 0.03

(hBS − 35
35

)]
log10 (d)

+ χσLOS (9)

PL[dB] = 32.4 + 20 log10(fc)

+ 30.7
[
1 − 0.049

(hBS − 35
35

)]
log10 (d)

+ χσNLOS (10)

where hBS is the base station height, χσLOS and χσNLOS
are the shadowing random variable for LOS and NLOS,
respectively.

3.6 Average Delay in Gateway

The packets arriving at gateway have to wait before being
served, which causes the delay. The reasons for delay are:
(1) due to DRX sleep states i.e. short and long sleep states
and (2) delay experienced by the queue of data pack-
ets. Delay due to sleep states causes the devices to wait
for some time until the gateway transits to the ON state.
Delay arising due to queue of data causes the gateway
not to serve large amount of data packets at the time of
arrival. The data should wait in the queue for transmis-
sion or reception. The average delay due to DRX can be
calculated as:

E[D] =
Ns∑
i=1

π(1,i)
tss
2

+ π(2,j)
tls
2

(11)

3.7 Efficiency of Gateway

The efficiency of gateway depends upon the number of
devices to be served by the gateway and the data rate of
these devices. The efficiency is given as:

η =
∑

j∈Si λjCj

Pr + Ttr
∑

j∈Si λjPt
(12)

4. SIMULATION RESULTS

In order to analyze the performance of our proposed

Table 1: Simulation parameters
Parameters Values

Data arrival rate λ 0.1, 0.2, 0.3, 0.4
DRX inactivity time (ms) tin 1, 2, 5, 6, 8, 10
Short DRX sleep cycle (ms) tss 2, 4, 6, 8, 10
Long DRX sleep cycle (ms) tls 5, 10, 15, 20
Wake up time (ms) tw 4
Time taken for transmission(ms) Ttr 27
Frequency (GHz) fc 2
Number of short cycles hBS 1–20
Bandwidth of the channel (MHz) W 2

Figure 4: Energy efficiency of gateway vs. number of short cycles

work, we performed a simulation in MATLAB for dif-
ferent parameters. The parameters we used in our work
are listed in Table 1. Figure 4 demonstrates the energy
efficiency of the gateway against the number of short
cycles. The efficiency of the gateway decreases with an
increase in short cycles. Energy efficiency of the gate-
way varies from 81.34 to 77.67 Kbps/mW, when λ =
0.2. Figure 4 also shows the comparison of our work
with Relay Energy Efficient (REE)-based relay selection
scheme [20]. Energy efficiency of the proposed work is
30% higher as compared to REE-based relay selection
scheme.

Figure 5 shows the delay of the gateway against inactivity
timer with different number of short cycles. Figure 5(a)
demonstrates that the delay decreases with increase in
inactivity timer, because the gateway stays in activemode
for long time and serves all the incoming data packets.
The delay varies from 0.52 to 0.36 ms. Figure 5(b) points
out the relation between delay and number of short cycles
with different data arrival rates. The delay increases with
increase in number of short cycles and turns to a con-
stant value. This is due to the fact that with increase in
number of short cycles, gateway can sleep longer and
the data packets gets stacked in a queue. Delay varies
from 0.15 to 0.45 ms when λ = 0.1 while it varies from
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Figure 5: Delay of the IoT gateway. (a) Delay vs. inactivity timer and (b) delay vs. number of short sleep cycles

Figure 6: Power consumption by IoT gateway. (a) Power consumption vs. inactivity timer, varying λ and (b) power consumption vs.
inactivity timer, varying Ns

0.15 to 0.18 ms when λ = 0.4. The delay in our anal-
ysis varies from 150 to 400 ms depending on the data
arrival rate λ and the number of short sleep cycles, as
shown in Figure 5(b). For instance in [22], the delay
associated with smart grid applications, like smart meter-
ing is within the delay obtained by our analysis. Hence,
our proposed scheme can address the delay sensitive
application.

Figure 6 shows the power consumption against inactiv-
ity timer with different data arrival rates, and number
of short sleep cycle. Figure 6(a) depicts that the power
consumption of the gateway increases with the increase
in inactivity timer and data arrival rate, as gateway stay
in active mode for long time to serve all the packets.
The power consumption varies from 131.725 to 131.82
mWwhen λ = 0.4. Figure 6(b) delineates the power con-
sumption in the same environment as above but with
different number of short sleep cycle values. As per our
expectations, the power consumption rises with incre-
ment in the number of short sleep cycles due to delay
caused by short sleep cycles. The power consumption
varies from 131.703 to 131.723 mW for Ns = 8, with
varying inactivity timer.

5. CONCLUSION

In this paper, we proposed Beam-aware DRXmechanism
in 5G for IoT gateway. It is observed that the amount
of power consumption of gateway is reduced by using
beam-aware DRX mechanism. We exploited Markov
model to analyze expected delay and energy efficiency
of IoT gate way. Our proposed algorithm improves the
efficiency of IoT gateway by almost 30% compared to
REE-based relay selection scheme. Analysis results reveal
that the delay observed by the IoT devices decreases with
increase in the inactivity timer.
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