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Abstract: The growing need for the use of user equipments (UE) has increased the necessity to investigate the power consumed in the switching
process and to develop a method to reduce the power loss incurred in the system. Discontinuous reception mechanism DRX is a methodology
proposed in Long Term evolution-LTE networks to achieve this desired effect. Although DRX mechanism introduces latency in the system, the
power that can be saved in active and background traffic is comparatively good. This work focuses on power saving in UE and latency
introduced in the process. Moreover, scheduling the DRX parameters can result in optimization of latency and power. Thereby, better quality of
service and enhanced lifetime of the UE can be achieved.
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INTRODUCTION

I.

Nowadays, the use of mobile phones have increased
extensively .The development of smart phones has grabbed the
attention of the people as data transmission was made easy by
the enhanced facilities offered by the phone. Such
improvements increased the need to transmit the data as
quickly as possible. The growing demand for high speed data
transmission has led to the proposal of Long Term Evolution
by 3GPP.LTE mainly focusses on increasing the capacity and
speed of the wireless data networks. The LTE standard
supports high downlink rate of 300 Mbit/s and uplink rate of
74.6 Mbit/s. LTE also provides peak throughput than High
Speed Packet Access.
In order to achieve higher data rates using LTE, the User
Equipment consumes more power in the process. This results in
frequent charging and discharging of the battery. This
eventually reduces the battery life. To avoid this problem and
to reduce the power consumption a mechanism called
Discontinuous Reception (DRX) [1]is introduced. Usually, the
UE is turned ON all the time to monitor the network to decode
PDCCH. DRX mechanism when there is no traffic, monitoring
is not required and the UE can enter into power saving mode.
Though DRX mechanism saves power[2], it also induces delay
into the system. The delay is tolerable in case of background
data traffic but for active data traffic this can result in loss of
data.
II.

DRX MECHANISM

transmission ends, the device moves to idle state after the
expiry of a timer called RRC Inactivity timer. The timer is reset
every time there is a data exchange. There is no transmission or
reception of data during idle state. An UE in idle performs
selection and reselection of geographic site. Paging is a
procedure to wake up the UE for data activity and is triggered
by eNB in Radio Access Network to establish a connection
between the UE and the base station.
The user equipment monitors the Physical Downlink
Control Channel for any data activity. Discontinuous reception
is a mechanism to reduce the power loss incurred in the system
and at the same time extend the battery life. DRX mechanism
also uses a timer to drive the UE into the sleep period. The
sleep period is classified into light sleep and deep sleep to
employ effective power saving.
Light sleep: The LTE device uses a timer called DRX short
cycle timer to wake the device after short sleep to check the
PDCCH for any packet activity. If the device detects any
downlink data during the ON time, the device moves to
connected state and the exchange of data is initiated. In other
case, the device sleeps until the next ON time.
Deep sleep: Similarly, the LTE device uses a timer named
DRX long cycle timer to check PDCCH for packet activity
after long sleep. The Timer starts running after device has been
in many cycles of light sleep. The device sleeps if there is no
packet activity until the next ON time.

LTE devices can be in one of the states of either idle state or
connected state. As long as there is data activity either uplink or
downlink, the device stays in connected state. Once the data
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MATHEMATICAL MODEL
(4)

The arrival of the data packets [3] is considered to follow semi
Markov method and other parameters are opted as indicated in
Table .1. The UE stay’s in any of the state’s S1,S2or S3.
P12
P11

The probability that the UE in state S1 continues to be in
state S1 is given by

P23

S1

S2

S3
(5)

P21

The probability that the UE in state S1 enters into state S2
after inactivity timer has expired is given by

P31

Fig.1
1.

2.

(6)

S1 is the state in which the UE continuously
receives data packets and is the active state where
the UE consumes power during data activity.
S2 is light sleep state in which the UE is in short
DRX cycle .When there is no packet activity for
time tinact after the after the reception of data
during the state S1.

3.

S3 is deep sleep state in which the UE is in long
DRX cycle .The UE enters state S3 after several
occurrences of short DRX cycles [13] and the UE is
said to be in power saving mode.
Table .1
Distribution
Parameter
Mean value
Model
Inter-session idle
Exponential
1/ Lis
time is tis
Number of packet
calls per session
Geometric
Upc
Npc
Inter-packet call
Exponential
1/ Lipc
idle time tipc
Number of packets
Geometric
Up
per packet call Np
Inter-packet
Exponential
1/ Lip
arrival time tip
Let Upc be the number of packets arriving per session, then
the probability that next packet belongs to the current session
(case 1) is given by

When the DRX inactivity timer expires, the UE enters into
state S2 and the DRX short cycle timer is activated [6]. If there
is a packet activity before the expiry of the DRX short cycle
timer, the timer is cancelled and the UE is pushed back to
active state S1. The probability that the packet arrives before
the expiry of DRX short cycle timer (tn) [7] is given by
For case 1,
(7)
For case 2,
(8)
The probability that the UE in state S2 moves to state S1 is
given by
(9)
When the UE in state S2 expires no packet activity for one
or several short DRX cycle based on the formulation of
parameters, the UE moves into Long DRX cycle i,e state S3.
The probability that the UE in state S2 moves to state S3 is
given by
(10)
The state transition probability matrix is shown below

(1)
The probability that the next packet is the initial packet of
the subsequent session (case 2) is given by
(2)
The probabilities are based on the memory less property of
the geometric distribution. The state transition probabilities are
given below:
The probability that the packet arrives before the inactivity
period (ti) expires for case 1 is given by

If Pi represents the probability that the UE is in the state Si,
then the
(11)
Let Hi the holding time in the state Si. The holding time in
state S2 is given by

(12)

(3)
For case 2 it is given by
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The holding time in state S2 is given by

(13)
Let t be the ON duration for which the UE checks for
packet activity during the DRX cycle. So the effective sleeping
time during the short and long DRX cycles is given as tds-t and
tdl-t
So the effective sleep time of the UE in short and long DRX
cycles are given below equation

ISSN: 2321-2152

This is because the ON period for which the UE monitors the
Physical downlink control channel-(PPDH) is constant and the
time spent by the user equipment in sleep mode is increased as
DRX long cycle increases, thus saving more apparent power
when compared to active and DRX short cycle.
Fig.3 shows the variation of mean wake up delay with
respect to Long DRX cycle. The graph shows that the delay
incurred in the system due to the DRX mechanism increases
proportionally with DRX long cycle. Delay is introduced in the
system by the worst case probability that the call arrives during
the Long DRX sleep. As the sleep time increases the time
required to establish a call also increases proportionally. This is
because the call is detected only in the next ON period of long
DRX cycle.

ds-t) (14)

(15)

The power saving factor P [7] is defined by the ratio of the
effective sleep time of UE in short and long DRX cycle to the
holding time of[6] UE in short and long DRX cycle .
(16)

The mean wake up delay is also analyzed. The data may
arrive during slight sleep or tight sleep .The probability of the
packet arriving during the ith DRX cycle is given by equation
below:

Fig.4 shows the variation of power saving with DRX short
cycle [6]. The comparison of power saving versus DRX short
and long cycle shows that, UE spends more time in the sleep
mode in DRX long cycle than in DRX short cycle. Therefore,
the power that be saved in an UE is more in DRX long cycle
compared to DRX short cycle. Similar to that of Long DRX
cycle, the power saving increases as DRX short cycle increases
and the ON duration for which the UE checks for PDCCH is
kept constant.
Fig.5 shows the variation of mean wake up delay with
respect to DRX short cycle. The graph shows that delay
introduced into the system during a DRX short cycle is less
compared to that in DRX long cycle. As the DRX short cycle
i.e the sleep time increases, the delay also increases. The
duration for which the UE monitors the PDCCH is constant,
and the delay increases as the sleep time increases. This is
because the call arrival is known only during the next ON
duration. Therefore, if the sleep time increases the delay also
increases.

(17)
As the inter packet idle time and the inter packet session
time is exponentially distributed, the packet call arrivals are
supposed to be Poisson distribution [11].

The mean wake up delay [13] is derived as
(18)
Fig.2 Lip=10,Lipc=1/30,Lis=1/2000,Upc=5,Up=25,
tn=40,tdl=20,N=1,t=.1,t1=2

IV.

SIMULATION RESULTS

The variation of power saves with respect to long and short
DRX cycles are shown in the Fig.2. The power saving versus
DRX long cycle is a Concave down increasing graph. Power
saving increases with increasing values of Long DRX cycle.
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the system which is also studied in the paper. In order to
compromise between the two obtained characteristics of the
system, a relation is developed between power saving factors
and the delay incurred in the system.

REFERENCES

Fig.3 Lip=10,Lipc=1/30,Lis=1/2000,Upc=5,Up=25,
tn=10,tdl=2,N=1,t=.1,t1=2

[1] Fang-wei Li, Ya-qing Zhang and Liang-wei Li “Enhanced
Discontinuous Reception Mechanism for Power Saving
in TD-LTE” ,PP 682-686,IEEE Transaction 2010.
[2] J-H. Yehet al., “Performance Analysis of Energy
Consumption
in
3GPP
Networks,”Wireless
Telecommunication Symp., pp.67–72, May 2004.
[3] S-R. Yang et al., “Modeling UMTS Power Saving with
Bursty Packet Data Traffic,” IEEE Transaction. Mobile
Comp., vol. 6, no. 12, pp. 1398–1409,Dec. 2007.
[4] S-R. Yangnd Y-B. Lin, “Modeling of UMTS
Discontinuous Reception Mechanism,” IEEE Transaction.
Wireless Comm., vol. 4, no. 1, pp. 312–19,Jan. 2005.
[5] Sadayuki Abeta, Radio Access Network Development
Department NTT DOCOMO, INC. Toward LTE
Commercial Launch and Future Plan for LTE
Enhancements,pp.146-150, IEEE Transaction. 2010.
[6] Baek, Sangkyu, and Bong Dae Choi. "Analysis of discontinuous
reception (DRX) with both downlink and uplink packet arrivals
in 3GPP LTE", Proceedings of the 6th International Conference
on Queueing Theory and Network Applications - QTNA 11
QTNA 11, 2011

[7] Zhou, Kaijie, Navid Nikaein, and Thrasyvoulos Spyropoulos.
"LTE/LTE-A Discontinuous Reception Modeling for Machine
Type Communications", IEEE Wireless Communications Letters,
2012.
Fig .4 Lip=10,Lipc=1/30,Lis=1/2000,Upc=5,Up=25,tn=10,
t1=2,tds=2,N=4,t=.04

Fig.5 Lip=10,Lipc=1/30,Lis=1/2000,Upc=5,Up=25,tn=120,
tdl=20,N=104,t=1,t1=2

V.

CONCLUSION

The DRX mechanism in LTE drives the UE into sleep mode
if there is no packet activity for long period. It proves to save
the battery power to the maximum probable extend. As the
charging and discharging of battery is reduced, the battery life
is also extended. But the mechanism also induces a delay into
RES Publication © 2012
www.ijmece.org

[8] 3GPP TS 36.304, “E-UTRA: User Equipment Procedures
in Idle Mode,” Rel. 8, v.8.2.0, May 2008.
[9] Kari Aho, Tero Henttonen and Jani Puttonen “User
equipment energy efficiency verses LTE network
performance” IJAT, vol 3 - 4,pp. 140-151, April 2011.
[10] Kari Aho, Tero Henttonen and Jani Puttonen “Trade-off
Between Increased Talk- time and LTE Performance”,
IEEE Computer Society , pp. 371–375, Jan. 2010.
[11] Lei Zhou. "Performance Analysis of Power Saving
Mechanism with Adjustable DRX Cycles in 3GPP LTE",
2008 IEEE 68th Vehicular Technology Conference,
09/2008.
[12] Chandra S. Bontu and Ed Illidge, Nortel “DRX
Mechanism for Power Saving in LTE”, pp 48-55, June
2009.
[13] Yu, Yu-Ping, and Kai-Ten Feng,"Traffic-Based DRX
Cycles Adjustment Scheme for 3GPP LTE Systems", 2012
IEEE 75th Vehicular Technology Conference (VTC
Spring), 2012.
[14] P.Arunagiri and G.Nagarajan, “Functional mechanism of
DRX parameters for power saving and latency in LTE
network” International Journal of Knowledge Engineering
and Soft Data Paradigms” International Journal of
Knowledge Engineering and Soft Data Paradigms
(IJKESDP), Vol. 5, No. 3/4, 2016.

Page| 155

International Journal of Modern Electronics and Communication Engineering (IJMECE)
Volume No.-6, Issue No.-6, November, 2018

AUTHOR’S BIOGRAPHIES
P.Arunagirir Received his B.Tech in
Electronics
and
Communication
Engineering from Pondicherry University,
Puducherry in 2001 and M.E in
Communications Systems in the year 2006.
He is currently a research scholar at
SCSVMV University Kanchipuram cum
Associate professor at sri manakula
vinayagar engineering college and has got 16 years of teaching
experiance. His research includes exploring different power saving
possibilities in LTE networks and wireless Communications.
Dr.G.Nagarajan completed his B.E in
Electronics and Communication Engineering
from Madurai Kamaraj University, in 1989. He
obtained his M.Tech degree in Communication
systems from Pondicherry Engineering College,
Puducherry in 1996. He have authored 5 Text
books for Graduate level namely Basic
Electrical, Electronics and Computer Engineering, Electronic Devices
and Circuits, Linear Integrated Circuits, Electronics and
Microprocessors and Video and Television Engineering. Presently he
is in Pondicherry Engineering College as Professor in Electronics and
Communication Engineering. His Current area of interest includes
Wireless Communication, VLSI circuits and Mobile Computing.

RES Publication © 2012
www.ijmece.org

ISSN: 2321-2152

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Page| 156

