
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 03, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 911 

Optimizing Idle State Configuration to Improve Power Saving for M2M 

Communication over LTE Networks 
Mugisha Robert

1 
Pravin R Patil

2 

1
P.G Scholar 

2
Professor  

1,2
Department of Computer Engineering 

1
Gujarat Technological University, Gujarat 

2
PICT, pune

Abstract— M2M communication has gained popularity 

because of its endless possibilities, and when it is conducted 

over more advance networks like the 3GPP LTE/LTE-A 

which deliver higher throughput and can handle more active 

devices with a cell the possibilities even become greater. 

LTE networks were mainly designed for H2H 

communication meaning that we cannot just use M2M 

communication over it without any changes. M2M devices 

are usually sensors or actuators meaning that they have a 

limited power source. LTE networks have a power saving 

mechanism known as Discontinuous Reception (DRX). 

M2M devices spend most of their time in the idle state 

therefore more optimization needs to be carried out in the 

idle state. In this paper, an analysis of the available power 

saving mechanisms like reducing the RRC Inactivity timer 

and extending the DRX paging cycle is carried out. Then a 

DRX configuration switching mechanism is proposed, 

implemented and analyzed so as to save battery power but 

also ensure that delay (latency) is controlled at the same 

time for delay sensitive traffic. The results show that the 

switching mechanism actually helps to reduce the delay 

significantly as well as save power at the same time but if 

the sole purpose is to save battery power only then reducing 

the RRC Inactivity timer is the best approach. 
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I. INTRODUCTION 

Machine to Machine communication (M2M) also known as 

MTC (Machine Type Communication) is the main enabler 

for the new technology known as Internet of Things (IoT). 

In M2M communication, machines directly communicate 

with each other almost in a similar way as humans do. M2M 

is also a major driver for the growth of cellular networks 

such as 3GPP LTE (Long Term Evolution) because now 

days more packet data than voice is sent over cellular 

networks. 

LTE networks have many benefits that include high 

throughput, high data transfer rates, can support more active 

devices and also work better in high mobility situations 

among others. However LTE networks are created mainly 

for H2H (human to human) communication, therefore some 

optimizations have to be made on the current protocols and 

mechanisms to enable M2M communication over it [15]. 

One of the most important requirement that needs to be 

optimized is battery power consumption since M2M devices 

mainly involve sensors and actuators that depend on a 

limited power source (battery). 

Due to the high production of low cost sensors and 

actuators, there has been an increase in the innovations 

using M2M communications over 3GPP LTE networks. 

There are various applications in the market today but 

however all these can be categorized into five groups; e-

Health, Smart environment (home, office, and industry) [4], 

Intelligent transportation, Security and public safety and 

Other futuristic applications [4][15]. 

M2M communications can be categorized in three 

domains; M2M device domain, application domain and the 

network domain. LTE network provides the network 

domain. LTE is a standard for wireless data communications 

technology and an evolution of the GSM/UMTS standards 

developed by 3GPP (3rd Generation Partnership Project). 

The main goal of LTE was to increase the capacity and 

speed of wireless data networks and to redesign the network 

architecture to a simpler IP-based system with significantly 

reduced transfer latency compared to the 3G architecture.  

M2M devices usually generate a short burst of 

traffic at relatively long inter-arrival time (IAT) periods on 

average meaning that they are more tolerant to delay than 

H2H communications. The IAT of M2M traffic burst can 

either be fixed with values of a few seconds to several hours 

or exponentially distributed with average of a few seconds 

to several hours [5]. Each data traffic burst has a few bytes 

to 10 Kbytes of data [7]. The M2M traffic is mostly UL (Up 

Link) but it can also be DL (Down Link) in certain 

scenarios, such as an M2M server asking M2M devices for 

specific data updates, broadcast of system information,  

providing software updates or receiving data from other 

M2M devices are all DL M2M traffic[15]. 

Since the traffic characteristics of M2M 

communication are different from those of H2H 

communication, there is always going to be challenges in 

implementing M2M communication over LTE networks [2]. 

These include overload and signaling control, the 

architecture, fulfilling the service requirements among 

others [1][2]. 3GPP has tried to handle most of the 

challenges through their continuous releases as they draw 

closer to fully implementing M2M communication over 

LTE networks [11][10]. But there are still some challenges 

that have not yet been fully addressed and require further 

research [2]. This research work is drawn from the challenge 

of Device power consumption optimizations to prevent 

battery drain (which results from frequent changes between 

idle and connected modes or too long periods in connected 

mode). 

The rest of the paper is organized as follows. The 

problem statement is in section II.  An overview of DRX 

power saving mechanism in LTE is given in section III. The 

proposed DRX configuration switching mechanism is 

introduced and explained in section IV. Performance 

evaluation is carried out in section V. Section VI contains 

the observations and discussions from the results obtained. 

Conclusion of the paper is in section VII. 
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II. PROBLEM STATEMENT 

In LTE networks, a power saving mechanism called 

Discontinuous Reception (DRX) is used to save battery 

power. But this is intended for H2H communications with 

very small idle periods, therefore there is need to optimize 

the DRX mechanism to improve battery power saving so as 

to facilitate M2M communication over LTE networks. 

Therefore a good power saving Scheme that also considers 

the control of buffering delay in M2M communication over 

LTE network is required.  

III. DRX MECHANISM IN LTE 

Discontinuous reception (DRX) is a power saving scheme 

used in LTE networks to enhance device power saving 

[3][9][7][5][12]. In DRX mode, the UE (User Equipment) 

powers down most of its circuitry when there are no packets 

to be transmitted or received. During this time, the UE 

listens to the downlink (DL) occasionally and may not keep 

in sync with uplink (UL) transmission depending on 

whether the UE is registered with an evolved node-B (eNB) 

or not [3]. 

UE devices can have various states, when the 

device is first powered on the UE is in De-Registered state. 

Once the device is registered with the network, the radio can 

be in either of the two different radio states called RRC 

(Radio Resource Controller) Connected and RRC Idle 

[9][3][12]. When a device is registered and enters the 

network, the UE starts in Connected state, where it can 

listen to the network and receive or transmit data, and thus 

consumes higher power [8][5]. After a period of data 

inactivity (which depends on the RRC Inactivity Timer 

configured by the network operators), the device enters the 

Idle state. 

A. DRX in Connected State: 

LTE DRX mode can be enabled in both RRC_IDLE and 

RRC_CONNECTED states. In RRC_CONNECTED state, 

DRX mode is enabled during the idle periods between 

packet arrivals, when there are no new packets to be 

transmitted or received, eNB/UE may initiate the DRX 

mode [3]. The Connected state is the most active state in 

LTE where devices receive and transmit data, monitor 

physical downlink control channel (PDCCH), and listen to 

broadcast channel frequently. 

B. DRX in Idle state: 

M2M devices once registered with the network can either be 

in connected or idle state at the Radio Resource Control 

(RRC) level. In this research we are not going to consider 

the RRC_CONNECTED state because M2M devices spend 

little time in it, however we will look at RRC_IDLE state in 

detail and device optimizations to improve power saving. 

Due to long inter-arrival time (IAT) between traffic 

bursts, M2M devices spend most of their time in the idle 

state which is designed as a low power state in the LTE 

network [15]. In this state, the UE is registered with the 

mobility management entity (MME) but does not have an 

active session. Here the UE can be paged for DL traffic and 

the UE can also initiate UL traffic by requesting RRC 

connection with the serving eNB. Devices sleep in the idle 

state to save battery and wake up periodically to check for 

any system information (SI) update or downlink (DL) 

packet arrival by listening to the PDCCH for paging 

message broadcast by LTE network [5]. The periodicity of 

wake up depends on a parameter called DRX Paging cycle. 

During the idle state, the mobility is fully 

controlled by UE, since the network is not aware of the UE 

existence continuously. UE should perform the signal 

quality measurements with respect to the serving and 

neighboring eNBs according to measurement thresholds 

recommended by the serving eNB. Based on the signal 

quality measure, the UE selects a new serving eNB when 

UE moves away from the current serving eNB. When the 

system information advertised by the new serving eNB does 

not include its tracking area, UE will perform a tracking area 

update to indicate its presence so that the network knows 

where to page the UE in case of DL data transfer [3]. 

 
Fig. 1: UE State Based On DRX Cycle and Inactivity Timer 

in Idle State [15] 

The DRX parameters associated with the idle state for a 

given M2M device as shown in Fig.1 are as follows; 

 DRX Cycle, this is the sleep time plus the on 

duration time (when the device wakes up to listen 

to the PDCCH). 

 On Duration timer, is the number of frames (time) 

over which the UE will read the PDCCH in every 

DRX cycle before entering the power saving mode. 

 RRC Inactivity Timer, the time taken to transit a 

device from the connected state to the idle state 

when there is no packet activity. It is also known as 

the connected-to-idle transition tail time. 

IV. PROPOSED MECHANISM 

The discontinuous reception (DRX) mechanism that is used 

to enhance device power saving in LTE is not enough since 

it is optimized for H2H communications. Available Power 

saving mechanisms or optimizations for M2M 

communication includes; 

 Reducing the Connected to idle transition tail time 

(i.e. RRC Inactivity Timer). 

 Extending the DRX paging cycle during the idle 

state.  

 Maximize the time when LTE radio is turned off in 

between the traffic bursts. 

The above mechanisms have their merits, but if they are 

optimized accordingly, it will improve battery power but 

will increase delay (latency). Therefore a balance is needed 

between power saving and allowable delay because a M2M 

devices have the capability of sending or receiving different 

types of traffic.  In this section a DRX configuration 
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switching mechanism is introduced, the mechanism must be 

able to save more battery power and also strike a balance on 

what acceptable delay can be allowed in order for M2M 

communication to occur over LTE networks. 

A. DRX Configuration Switching Mechanism: 

It’s the work of the eNB to select the power scheme to use 

during transmission even without first consulting the UE. 

However the UE knows best the different types of traffic it 

normally sends or receives and also how much battery 

power is left. 

In 3GPP release 11 [12][14], a UE assistance 

information called the power preference indication (PPI) 

was introduced so that the UE can help in the selection of 

the power mode to use. How to signal the PPI was left to the 

device vendor and how to read the PPI was left to the 

network provider. PPI uses a single bit to indicate the power 

preference i.e. PPI=0 indicates that that the traffic is delay 

sensitive and PPI=1 indicates that the low power mode can 

be used. 

DRX configuration switching mechanism will use 

two sets of configurations; one for low power and the other 

set for delay sensitive traffic and the parameters that will 

change will be the RRC Inactivity Timer and the DRX 

paging cycle values. The power preference indication (PPI) 

will be used by the M2M device to indicate to the eNB 

which preference it wants to use. 

 
Fig. 2: Flow Chart Showing DRX Configuration Switching 

Mechanism 

Fig. 2 shows the process that will take place during the DRX 

configuration switching mechanism and algorithm 1 is the 

algorithm that will be used to switch between the two sets of 

configurations, note that the M2M device will only signal 

the PPI value if it has changed to avoid over signaling, but 

the eNB will always check the PPI value before sending 

data as long as the device is still connected. 

Algorithm 1 DRX Configuration Switching 

DRX_Config ← { RRC_Inactivity_Timermax , 

DRX_Cyclemin } 

while connected do 

         iat ← PPI from M2M device 

         if iat > 20 then 

              ppi ← 1 

               DRX_Config ←  { RRC_Inactivity_Timermin , 

DRX_Cyclemax } 

         else 

              ppi ← 0 

               DRX_Config ←  { RRC_Inactivity_Timermax , 

DRX_Cyclemin } 

         end if 

         return ppi, DRX_Config 

 end while 

For the DRX configuration switching mechanism, we 

consider inter arrival time (IAT) of the data traffic as the 

switching parameter to be used to switch between the two 

sets of optimized values where by IAT less than or equal to 

20s will be for delay sensitive traffic and IAT greater than to 

20s will be for low power. Therefore the respective DRX 

configuration sets will be chosen and used as well as the PPI 

will also be set according to the IAT. 

V. PERFORMANCE ANALYSIS 

Several simulations have been carried out using ns3 LTE 

module [14] after modifications that include taking the RRC 

state back to IDLE mode whenever there is no packet 

activity, of course after the RRC Inactivity timer has 

expired. Both the RRC Inactivity timer and DRX cycle have 

been implemented by scheduling the simulation by that 

particular time value. 

Also a simple LTE power consumption model has 

been developed and implemented to help us obtain the 

power consumption in the different RRC states and has been 

aligned with Table I below [5][8]. 

State Power (mW) 

sleep screen off 0 

Connected (Data Tx/Rx) 1680 

Idle (Screen off) 11.4 

LTE Transition 1088.4 

RRC Inactivity Timer 0.0917 

Table-1: Power Consumption Values for Various States of 

M2m Devices 

The simulation is setup for Down Link transmission such 

that a remote server can send 1Kb of data packets after a 

specific time period known as inter arrival time (IAT). The 

packets are sent over the internet to the LTE network down 

to the M2M device. 

A. Selected Results for Short IAT: 

In this test scenario, we considered small or short IAT of 

data packets. The selected results are for IAT = 20s to 

represent small IAT for various RRC inactivity timer of 1s, 

10s and 15s for various DRX cycle length. 

 
Fig. 3: Device Power Consumption versus DRX Cycle for 

Various RRC Inactivity Timers with IAT Of 20s 
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The obtained results are represented in Fig.3. The power 

consumption decreases a lot when we increase the DRX 

Cycle RRC Inactivity Timer of 15s as increase in the Cycle 

also increases sleep time in each cycle. Once DRX Cycle is 

longer, further increment does not improve power saving 

significantly. The first data point of these graphs is for the 

Paging Cycle of 2.56s, the maximum DRX Cycle allowed in 

current 3GPP specification. The initial gain in power saving 

is mainly due to the factor that as the DRX cycle increases 

also the idle state duration increase due to increased 

buffering delay. Also note that for a small RRC inactivity 

timer, the power consumption is low because the UE transits 

to idle state much faster but the power improvement is not 

significant even when the DRX cycle is increase because it 

spends much less time in the connected state. 

Fig. 4. below shows the average buffering delay for 

various RRC inactivity timers due to extending the DRX 

cycle. Clearly, the delay increases with increase in cycle 

length and the IAT does not seem to have much impact on 

buffering delay for the considered values of RRC Inactivity 

Timers because RRC Inactivity Timers are much less than 

both IATs. The delay is slightly less for the case of longer 

RRC Inactivity Timer because in some cases next packet 

may arrive during the Connected-to-Idle transition tail time 

for longer RRC Inactivity Timer. 

 
Fig. 4: Downlink Buffering Delay versus DRX Cycle for 

Various RRC Inactivity Timers with IAT Of 20s 

B. Selected Results for Long IAT: 

In this scenario, big or large Inter Arrival Time (IAT) of 

data packets are considered. The selected results are for IAT 

= 200s to represent the long IAT for various RRC inactivity 

timer and various DRX cycle length 

 
Fig. 5: Device Power Consumption versus DRX Cycle for 

Various RRC Inactivity Timers with IAT Of 200s 

Similarly in Fig. 5, extending the DRX cycle and using a 

shorter RRC inactivity timer also improve power saving for 

the case of big IAT. However it must be noted that for big 

IAT the overall power consumption is less as compared to 

small IAT because most of the time is spent in the idle state 

since there is a big gap between packets arrivals. 

 
Fig. 6: Down Link Buffering Delay versus DRX Cycle for 

Various RRC Inactivity Timers with IAT Of 200s 

Fig. 6 above shows that also the delay increases with 

increase in cycle length and the RRC Inactivity Timers seem 

to have very little effect on the delay, however the delay is 

slightly less for the case of longer RRC Inactivity Timer. 

C. Selected Results for Switching Mechanism: 

Here various values for DRX Cycle and RRC Inactivity 

Timer have been set according to the desired optimization as 

shown in Table II below. IAT of 20s has been chosen as the 

switching point where by data traffic with IAT below or 

equal to 20s will use delay sensitive values and data traffic 

with IAT above 20s will use power saving values. 

Optimization 
RRC Inactivity Timer 

(s) 

DRX cycle 

(s) 

Power Saving 1 150 

Delay Sensitive 15 30 

Table-2: Optimization Values 

By using the switching mechanism with the switching point 

at IAT = 20s, it can be seen from Fig. 7, that below 20s of 

IAT the power consumption is very high because by using 

RRC Inactivity Timer of 15s, the M2M device spends most 

of its time in the connected state and also more packets are 

being received since the IAT is relatively short. However 

when the IAT is greater than 20s, the power consumption 

decreases significantly since the RRC Inactivity Timer is 

very short and the DRX cycle timer is high meaning that the 

UE spends most of its time in the idle state. Also in addition, 

there are a few packets being received since the IAT is very 

relatively very large. 
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Fig. 7: Device Power Consumption versus IAT for DRX 

Configuration Switching Mechanism 

 
Fig. 8: Down Link Buffering Delay versus DRX Cycle for 

DRX Configuration Switching Mechanism 

The DRX configuration switching mechanism improves the 

delay for delay sensitive traffic with IAT less or equal to 20s 

as shown in Fig. 8. When the data traffic is less than RRC 

Inactivity Timer i.e. 15s, the M2M device never leaves the 

connected state therefore the only delay incurred is the 

channel delay which is normally less than 1s.  

VI. OBSERVATIONS 

Generally higher power consumption is observed for smaller 

IAT because the UE will spend more time in connected state 

as compared to bigger IAT.  Between the two approaches, 

decreasing the RRC Inactivity Timer is a better approach it 

does not add any noticeable buffering delay in order to save 

power as compared to increasing the DRX paging cycle 

because when we consider RRC Inactivity Timers 1s and 

15s for DRX cycle of 40s, 84.8% power is saved for IAT of 

20s and 74.9% for IAT of 200s.Also if we consider DRX 

cycles of 2.56s and 40s for RRC Inactivity Timer of 10s, 

46.3% power is saved for IAT of 20s and 21.9% for IAT of 

200s. Therefore using a smaller RRC Inactivity Timer gives 

us better power saving. The IAT does not seem to have 

much effect on delay for the considered values of RRC 

Inactivity Timers in the first two scenarios because their 

values are much less than both IATs. When the DRX Cycle 

length is very high (say > 150s), there is no much 

improvement in power consumption by further increase it 

because the connected state time is already low. However, 

the average delay keeps increasing significantly for any 

increase in the DRX Cycle. Therefore, extending DRX 

Cycle beyond a certain limit (which usually depends on 

packet IAT) does not help in reducing power consumption. 

The DRX configuration switching mechanism 

really solves the delay issue for delay sensitive traffic and 

also improves power saving at the same time. However on 

average using a smaller RRC Inactivity Timer (say 1s) only, 

has better power saving if compared with the switching 

mechanism. If RRC Inactivity Timer was set to 20s (same as 

the IAT), the only delay incurred would be channel delay 

which is relatively very small. 

VII. CONCLUSION 

Two main battery power saving mechanisms for M2M 

communication over LTE networks have been evaluated in 

this paper. The results indicated that by reducing the RRC 

Inactivity Timer or by extending the DRX paging cycle will 

improve power saving but also increase buffering delay. 

Therefore we proposed a DRX configuration switching 

mechanism to handle the delay in case we have delay 

sensitive traffic. The switching mechanism actually helps to 

reduce the delay significantly as well as save power at the 

same time but if the sole purpose is to save battery power 

only then reducing the RRC Inactivity timer is the best 

approach. When more battery power is saved, it means that 

the device will last longer in the network without need for 

human intervention. 
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