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Abstract— The fifth-generation mobile introduced the use of
higher frequency wave with the purpose of increasing the network
speed as well as the data rate. The aforementioned purpose
enables a range of new applications and services like portable
virtual reality (VR), augmented reality (AR) and Health. There
are many challenge points for mobile devices in 5G and one of
the most critical is power consumption. Energy efficiency is a key
performance indicator in 5G networks for both User Equipment
(UE) and base station side. Numerous power saving techniques
are being studied since the initial 5G specifications. Connected
mode discontinuous reception (C-DRX) is a power-saving tech-
nique in 5G where networks attempt to bring a balance between
QoS and power consumption. This paper presents the analysis of
C-DRX power saving technique in a laboratory environment and
how relevant this feature is, when it comes to save battery power
of 5G mobile devices. The results showed that when C-DRX is
enabled, the Device Under Test (DUT) battery consumption was
20% lower than when this feature was disabled, considering the
DUT in Radio Resource Control (RRC) connected state.

Keywords— C-DRX, Power saving, Power consumption, 5G,
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I. INTRODUCTION

C-DRX techniques allow mobile devices to save energy
when they are connected and there is no user data traffic. The
discontinuous reception (DRX) feature was first introduced
in LTE and the 3GPP Release 16 presented a couple of
enhancements to existing techniques applied for 5G networks
[1].

Mobile devices such as smartphones, are generally limited
in size, being powered by a battery with a capacity limited by
the size of the equipment itself [2]. With the adoption of 5G
networks, a series of applications and services were introduced
and improved for these devices, such as voice and video
calls with more quality, games, high-definition video streaming
and higher data transfers [2]. To meet the demands of such
applications with good quality of service (QoS), the use of
advanced signal processing techniques and high bandwidth
in NR networks is essential [3]. This demands increase UEs
performance as well as the power consumption, draining more
battery power from 5G devices [2].

When compared to the great evolution in the semiconductor
industry, the evolution of batteries during the last decade has
provided an insignificant improvement in the energy density

of mobile devices, therefore energy saving methods such as
C-DRX are crucial to extend the use of the functionalities of
5G mobile devices [4].

As battery saving optimization has being a determining
factor for 5G networks and the future of mobile network, many
researches have being performed to improve power saving
using 5G networks on both base station and UE side. From
base station perspective, the authors in [5] analyzed the power
consumption model and introduced four basic power consump-
tion strategies, symbol shutoff, channel shutoff, carrier shutoff
and deep sleep. The strategies introduced, showed significant
energy-saving gain. In [6], the authors presented power saving
techniques and key feature on UE side like Flexible Reference
Signal Design for Efficient Sleep Mode, Bandwidth adaptation,
DRX mechanism, control channel design for 5G and beyond.

The challenging facet of power saving techniques is about
managing to have power saving gain while the performance
remain the same or increase. The authors in [7] emphasize
radio latency and reliability lost due to a certain 5G new radio
power saving feature.

In [8], the authors carried out a research analyzing bat-
tery consumption during a video call using Video over LTE
(ViLTE) and Video over NR (ViNR), however without en-
abling C-DRX feature. The authors used Keysight UXM 5G
E7515B equipment to generate a simulated network and they
compared the battery consumption between ViLTE and ViNR
technologies, the experiment was carried out in 3 steps, first,
the battery consumption is measured with Airplane mode on
for 20 seconds. Next, the airplane mode is turned off and
attach procedure is performed for 40 seconds, at the end of
the experiment the video call is initiated and last 60 seconds.
The results show that UE in idle mode presented more than
20% reduction in consumption on NR networks compared to
LTE networks. During the video call, the reduction was more
than 7%.

Despite the large number of research regarding power saving
in 5G a few of them performed an analysis about C-DRX
technique. Therefore diverging from other studies, this re-
search aims to analyze the C-DRX power saving technique in a
laboratory environment, thgrouh experiments performed using
Rhode&Schwarz CMX500 equipment to generate simulated
5G network, comparing different scenarios with and without
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C-DRX feature enabled.
The paper is organized as follows: In Section II, the

background on 5G networks, ViNR calls, device power con-
sumption and C-DRX feature are presented. The experimental
methodology used in the laboratory employed in this study
is outlined in Section III. The data collected in laboratory
experiments and results obtained are presented in Section IV.
Finally, the conclusion is presented.

II. BACKGROUND

A. 5G NR Architecture and voice services

The Fifth Generation of Mobile Networks (5G networks),
which is being deployed worldwide, has brought with it sup-
port for greater connection density, different types of devices,
functionalities, and services. The core of the 5G network
operates as a Service-Based Architecture (SBA), which in
turn is formed by Network Functions (NF’s) and Service-
Based Interfaces (SBI’s). Figure 1 illustrates the main network
functions found in the 5G core architecture: Access and
Mobility Management Function (AMF), Session Management
Function (SMF), User Plane Function (UPF), Policy Control
Function (PCF), Unified Data Management (UDM) [9].

Fig. 1. 5G architecture simplified

AMF is the function responsible for establishing the con-
nection with the Radio Access Network (RAN) and the UE
through interface N1. SMF function performs mobile access
management on the 5G network, manages sessions by estab-
lishing, modifying and updating the Protocol Data Unit (PDU).
The UPF include data forwarding and is also responsible for
applying QoS considering appropriate usage traffic. PCF is
responsible for providing service rules for network functions.
These rules are QoS, network access and they can modify the
decisions of the UPF, SMF, and AMF. UDM is responsible for
managing registers and authorization access to the network as
well as user profiles, signatures and authentication [10].

B. Power Consumption/Saving on 5G devices

Energy efficiency is one of the most important aspect about
5G networks deployment. It is challenging to improve user
equipment experience in other performance facets without
affecting battery life of 5G handsets [6]. As described in [11],
energy efficiency measured by bits per Joule is the most widely

adopted green design metric for wireless communication sys-
tems. Power saving techniques are applied in both UE side
and network side. Regarding power saving on UE side, some
power saving schemes like DRX [12] mechanism are inherited
from 4G LTE. In addition to DRX, other techniques as flexible
reference, signal design, efficient sleep modes, bandwidth
adaptation, RRC inactive state, control channel design and
cross-slot scheduling are also used for power saving in 5G.

C. Connected mode Discontinuous Reception

When there is a data transfer between the UE and the base
station with both Signaling Radio Bearer (SRB) and Data
Radio Bearer (DRB) active, the UE is in the RRC Connected
state. Equivalently, when there is no data transfer between the
UE and the base station for a long duration, so both SRB and
DRB are released and this state is called RRC Idle state [13].
In RRC Idle state, UE sleep and doesn’t listen to any signal
from base station, consequently when UE wants to transmit
or receive data, the base station has to first change UE’s state
back to RRC Connected [13]. This change occurs through
base station sending a paging signal to UE, but since UE in
RRC idle state sleeps and is unreachable, UE has to wake up
periodically, stay awake for a small duration and go back to
sleep to monitor paging signal. The cycle of UE staying awake
and going to sleep periodically is called DRX [12]. The awake
and sleep states are called DRX active and DRX inactive
respectively. When the previous cycle takes place in RRC
connected state, it named Connected mode Discontinuous
Reception also known as C-DRX. After a specified duration
called Inactivity timer UE enters in C-DRX mode [14]. C-
DRX operation has two mode, short DRX and long DRX.
Short DRX has a smaller sleep time than long DRX and
consequently save less energy.

III. METHODOLOGY

A. Experimental Environment

The experiment in this work was conducted in a con-
trolled telecommunications laboratory environment, inside of
a shield room to avoid interference from external sources. The
equipment used for this research was the CMX500 5G one-
box signaling tester, a radio communication tester solution
developed by Rhode&Schwarz. This instrument is used to
reproduced 4G and 5G network environments, as well as other
services like the IP Multimedia Subsystem (IMS) network,
which is a feature to provide multimedia communication
services for mobile devices, allowing the creation of different
test scenarios. The Power monitor (HMC804) was used to
measure battery consumption. The measurements from the
Power Monitor are generated as a sequence of data and can be
exported using a removable disk and then visualized through
a computer. Both CMX500 and Power monitor equipment are
connected to the DUT, the figure 2 shows the configuration of
the equipment used.

The CMX500 5G test equipment established communica-
tion with the DUT’s RF antennas through conductive cables,
and the Power monitor is connected directly to the USB-C
input using a specific charging cable. For our experiment,
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Fig. 2. Setup Configuration

seventeen thousand data points were set. The technical speci-
fications of the DUT used in the experiment are described in
Table I.

TABLE I
DUT TECHNICAL SPECIFICATIONS

DUT Components Hardware Specifications

Chipset Snapdragon 8 Gen 3
Modem-RF Snapdragon X70
Baterry 5000mAH

Operating System Android 14, One UI 6.1

B. Experimental Scenario

Table II shows the network parameters configured on the
equipment for our experiment. The 5G band used was n78 with
100MHz as bandwidth, the frequency used was 3500Mhz, and
-80dBm as the cell power level (RSRP).

TABLE II
NETWORK PARAMETERS

Network Parameters 5G Cell

Band n78
BandWidth (BW) 100MHz

Frequency 3500MHz
Power Tx -80dBm

SCS 30KHz

To analyze the battery consumption behavior of the device,
it was necessary to carry out the bypass charging procedure
with the DUT connected to the DC power monitor. This
procedure allows the device to ignore its original battery and
start using power supply only from the DC power monitor. The
experiment was divided into a cycle with 4 steps, described
below:

• Step 1 (Power off) - Simulate the power-off state on the
device via airplane mode activated for 20 seconds;

• Step 2 (RRC connected 1) - After disabling airplane
mode, the device performs attach procedure in 5G and
then IMS network, this trigger the RRC Connected state,
remaining in this state during 40 seconds;

• Step 3 (Video Call) - In step 3, a ViNR call is performed,
starting with the call setup procedure, till establishes the
video call. DUT remains with the ViNR ongoing for 50
seconds;

• Step 4 (RRC connected 2) - In step 4, the video call is ter-
minated, and the device returns to only RRC Connected
state for 60 seconds.

The total time for each measurement procedure was 170
seconds, where the experiment was conducted with C-DRX
enabled and then with C-DRX disabled, the difference in
power consumption mainly occurs in steps 2 and 4 due to C-
DRX feature. Check in the Table III the C-DRX parameters
configured in DUT for the experiments.

TABLE III
C-DRX PARAMETERS

C-DRX Parameters Values

On Duration Timer 6 ms
Inactivity Timer 1280 ms

Harq RTT Timer (DL/UL) 56 symbols
Retrasmission Timer (DL/UL) 16 slots

Long DRX Cycle 10240 ms
Start Offset 0 ms

During the experiments, the current consumption were col-
lected for each one of the 4 steps described, first using C-DRX
feature enabled and then using C-DRX disabled. The current
value increases a lot when each step is triggered in DUT, for
example when the device is registering on network or starting a
video call. Therefore, to obtain the mean current consumption
values considering only the performance of C-DRX technique,
we excluded from the calculations the peak current values
obtained during the beginning of each step. Check below the
time instants considered for calculating the mean values:

• Step 1 (Power off) - From the second 0 to 19;
• Step 2 (RRC connected 1) - From the second 26 to 60;
• Step 3 (Video Call) - From the second 72 to 109;
• Step 4 (RRC connected 2) - From the second 117 to 170.

IV. RESULTS AND DISCUSSION

This section presents the results collected using the method-
ology described previously. Two essays of power measurement
have been performed with C-DRX disabled and enabled re-
spectively. The graph of Figure 3 displays the difference of
power consumption for the same UE when C-DRX is enable
and disable.

The major difference occurs in steps 2 and 4, where C-DRX
acts. In both steps, the device is in RRC connected mode, i.e.
connected to the network without performing any other action.
This difference is due to the fact that there was no constant
signaling activities during these RRC Connected mode, so
after a short period of inactivity the DUT enters in sleep mode
to save energy when C-DRX is enable. The Table IV shows
the average current values in the different steps. To calculate
the measurement mean values obtained in each step, the peak
values at the beginning of each stage were disregarded.

With C-DRX enabled, the DUT consumed 23.9% less
energy than when C-DRX is disabled in the state of RRC Con-
nected 1 and 26.5% less energy in RRC Connected 2. Despite
the fact that ViNR call occurred in the RRC connected mode,
the power consumption for C-DRX enabled and disabled mode
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Fig. 3. Power consumption comparison with C-DRX enable and disable

TABLE IV
MEAN CURRENT FOR C-DRX ENABLED AND DISABLED

Procedure Mean (Enabled) Mean (Disabled)

Power Off 100.7 (mA) 104.6 (mA)
RRC Connected 1 219.9 (mA) 289.0 (mA)

Video Call 500.6 (mA) 516.6 (mA)
RRC Connected 2 220.5 (mA) 300.0 (mA)

is quit similar, this is justified by the fact during ViNR call
there is constant signaling activity, and C-DRX is activated
after a short period of inactivity in the RRC connected mode.
Since there is no inactivity period while performing ViNR call
the DUT couldn’t enter in sleep mode when C-DRX is enable
that is why there is no variation of power consumption in step
3 comparing to step 2 and 4.

The figures 4 and 5 show the results of the measured current
values through statistical boxplot and violin graphs, to ana-
lyze the distribution, symmetry, concentration and dispersion
obtained.

Fig. 4. Comparison with C-DRX enable and disable to RRC 1 and RRC 2
states

Analyzing the graphs with C-DRX enabled for the RRC1
(blue color) and RRC2 (red color) states in figure 4, both
RRC1 and RRC2 density curves and boxplot are very similar
and they both shown a median current value equal to 216 mA,
mean value next to 220 mA (219.9 mA for RRC1 and 220.5

mA for RRC2) and standard deviation (σ) equal to 0.016 for
RRC1 and 0.019 for RRC2. It can be observed that the 1st
quartile (Q1) has a current value of 206 mA, which represents
that 25% of the data are below this value, and the 3rd quartile
(Q3) has 228 mA, which represents that 25% of the data are
higher than this value both for RRC1 and RRC2 steps with
C-DRX enable.

Regarding the graphs with C-DRX disabled for the RRC1
and RRC2 states in figure 4, the density curves shown that
all measured current values are well above when compared to
the results obtained using the enabled C-DRX. The median
current value obtained is 288 mA for RRC1 and 299 mA for
RRC2, the mean value is 289 mA for RRC1 and 300 mA for
RRC2 and σ is equal to 0.015 for RRC1 and 0.010 for RRC2.

Fig. 5. Comparison with C-DRX enable and disable to Video call procedure

It is notable that the C-DRX feature does not bring any im-
provement during the video call procedure, which is expected
according to the specifications established by 3GPP standards,
since this C-DRX operates when there is no constant signalling
in RRC connected state.

V. CONCLUSIONS

The evolution of mobile network technologies more specifi-
cally 5G use cases introduced concerns about energy consump-
tion. This work presented a study of the battery consumption
behavior of a commercial mobile device analyzing C-DRX
feature in two scenarios: the first with inactive C-DRX and the
second with active C-DRX, both attached to the 5G network
in a controlled laboratory environment.

The results of the experiment confirm the reduction of
power consumption when the mobile device is attached to
the 5G network in RRC connected state and C-DRX active,
the approximate average value of consumption in the RRC
Connected 1 was 219.9 mA and in the RRC Connected 2
was 220.5 mA, both with C-DRX activated. While for C-DRX
disabled, this values were approximately 289 mA for RRC1
step and 300 mA for the RRC2 step, which brings a reduction
of 23.9% and 26.5% for RRC1 and RRC2, respectively. The
consumption pattern showed very similar values in the step 1,
when there is no signaling activity and when constant signaling
activity is performed respectively, as well as in the Step 3,
when a video call was established.
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The boxplots and violin ghraps in figure 4 shown that
density curves are very similar for both RRC1 and RRC2
steps. The RRC connected states with C-DRX feature activated
brings lower values for measured current values. Nevertheless,
analyzing the graphs of video calls in figure 5 with C-DRX
enabled and disabled, the density curves shown that they are
many convergent data points, with the data of C-DRX enabled
values containing more dispersed data, but not so different than
the values obtained with C-DRX disabled.

C-DRX doesn’t interfere only in power saving, there is
a close relationship between C-DRX and latency. Since the
mobile device enter periodically in a sleep mode in RRC
connected state when there is no signalling traffic, the latency
can be higher when C-DRX is activated. In futures works an
analysis can be performed to study how C-DRX can impact
directly the network latency.

AKNOWLEDGEMENTS

This paper is a result of the Research, Development &
Innovation Project (AMAN) performed at Sidia Institute of
Science and Technology sponsored by Samsung Eletrônica
da Amazônia Ltda., using resources under terms of Federal
Law No. 8.387/1991, by having its disclosure and publicity in
accordance with art. 39 of Decree No. 10.521/2020.

REFERENCES

[1] G. R. 16, “Study on User Equipment (UE) power saving
in NR,” 3rd Generation Partnership Project (3GPP), Technical
Specification (TS) 38.840, 2019, version 16.0.0. [Online]. Available:
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetail
s.aspx?specificationId=3502

[2] P. K. D. Pramanik, N. Sinhababu, B. Mukherjee, S. Padmanaban,
A. Maity, B. K. Upadhyaya, J. B. Holm-Nielsen, and P. Choudhury,
“Power consumption analysis, measurement, management, and issues:
A state-of-the-art review of smartphone battery and energy usage,” IEEE
Access, vol. 7, pp. 182 113–182 172, 2019.

[3] S. Rostami, K. Heiska, O. Puchko, J. Talvitie, K. Leppanen, and
M. Valkama, “Novel wake-up signaling for enhanced energy-efficiency
of 5g and beyond mobile devices,” in 2018 IEEE Global Communica-
tions Conference (GLOBECOM), 2018, pp. 1–7.

[4] M. Lauridsen, P. Mogensen, and T. B. Sorensen, “Estimation of a 10 gb/s
5g receiver’s performance and power evolution towards 2030,” in 2015
IEEE 82nd Vehicular Technology Conference (VTC2015-Fall), 2015, pp.
1–5.

[5] H. Zhang, H. Guo, and W. Xie, “Research on performance of power
saving technology for 5g base station,” in 2021 International Wireless
Communications and Mobile Computing (IWCMC), 2021, pp. 194–198.

[6] Y.-N. R. Li, M. Chen, J. Xu, L. Tian, and K. Huang, “Power saving
techniques for 5g and beyond,” IEEE Access, vol. 8, pp. 108 675–
108 690, 2020.

[7] A. A. Esswie, “Power saving techniques in 3gpp 5g new radio: A
comprehensive latency and reliability analysis,” in 2022 IEEE Wireless
Communications and Networking Conference (WCNC), 2022, pp. 66–71.

[8] W. B. Conde, Y. H. S. Barbosa, B. R. X. R. Faria, J. J. A. Arnez,
C. B. B. de Souza, and B. P. T. de Sousa, “Vilte and vinr: Battery
consumption comparison between video calls over ims technologies,”
BRAZILIAN SYMPOSIUM ON TELECOMMUNICATIONS AND SIG-
NAL PROCESSING, 2023.

[9] M. I. T. Training, “5G System Architecture,” Mpirical, Reference
Document, 05 2020, fist puplished by Mpirical Limited in 2020.

[10] S. Jing and H. Wang, “Design and implementation of a 5g network
architecture based on software defined network,” in 2023 IEEE 3rd
International Conference on Electronic Technology, Communication and
Information (ICETCI), 2023, pp. 1444–1449.

[11] Q. Wu, G. Y. Li, W. Chen, D. W. K. Ng, and R. Schober, “An overview of
sustainable green 5g networks,” IEEE Wireless Communications, vol. 24,
no. 4, pp. 72–80, 2017.

[12] 3GPP. (2024) Medium access control (mac) protocol specification
(3gpp ts 38.321 version 16.14.0 release 16). [Online]. Available:
https://www.etsi.org/

[13] ——. (2024) Radio ressource control (rrc) protocol specification
(3gpp ts 38.331 version 17.7.0 release 17). [Online]. Available:
https://www.etsi.org/

[14] S. C. Sundararaju, M. Balasubramaniam, and D. Das, “Novel c-drx
mechanism for multi sim multi standby ues in 5g and b5g networks,”
in 2020 IEEE 3rd 5G World Forum (5GWF), 2020, pp. 318–323.


