
 

 

 

IImmppaacctt  ooff  DDRRXX  oonn  VVooIIPP  
PPeerrffoorrmmaannccee  aanndd  BBaatttteerryy  LLiiffee          

iinn  LLTTEE 
Waqas Ahmad Khan 

In cooperation between 

Blekinge Institute of 
Technology, Sweden 
School of Engineering 

                   and 

University of Kalmar, Sweden 
Department of Technology 

http://images.google.com/imgres?imgurl=http://www.its.bth.se/exjobb/bth_logo.gif&imgrefurl=http://www.its.bth.se/exjobb/InbjudanXjob051104.html&usg=__p7vFvdzB_3hvGbz7h9C0jQcvXz0=&h=350&w=350&sz=10&hl=en&start=1&um=1&tbnid=0LcmDJR6o_zAPM:&tbnh=120&tbnw=120&prev=/images?q=bth+logo&um=1&hl=en&sa=N


                                    

 

 

 

 

 

 
Impact of DRX on VoIP Performance and Battery 

Life in LTE 
 

 

 

 

 
Waqas Ahmad Khan 

Novenmber, 2008 

 

 

 

 

 

 

 

 

 

ii 
 



 

 

iii 
 



 

 

 

 

 

Abstract 

Along with higher data rates and application-enriched user terminals, 
LTE has even higher requirements to conserve the battery power in 
mobile devices compared to the WCDMA terminals. In LTE, 
Discontinuous Reception (DRX) has been introduced as one of the key 
solutions to conserve battery power in mobile terminal. It is very 
meaningful to investigate the possible impact of DRX on power 
consumption and also the VoIP performance.  This study evaluates 
several different parameter settings for DRX, and tries to find a 
reasonable trade-off between VoIP performance and battery life.  

This study report proposes DRX parameter setting to achieve 
maximum possible power saving with minimum VoIP degradation. 
Based on the assumed power saving model and simulation scenario 
presented in chapter 4 and chapter 5 of this report respectively, the 
proposed parameter settings can achieve up to ~60% of the terminal 
power saving. Furthermore, it is concluded that longer DRX cycles are 
not suitable for VoIP traffic since they introduces longer delays and 
degrades the VoIP performance particularly in downlink. 
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Chapter 1 

Introduction 
The power consumption of User Equipment (UE) has always been a 
serious issue for wireless data transmission. In existing systems such as 
Global System of Mobile Communications (GSM), associated protocol 
states are defined to allow the UE to work in power saving mode. 
Correspondingly, the transition between these states is triggered by a 
series of state timers or signaling. From the first draft of high level 
requirements [1] for Long Term Evolution (LTE), it is obvious that 
terminal power consumption is being considered to be an important 
issue for the future mobile technology. The idea of Discontinuous 
Reception (DRX) is presented in [2] as one of the solutions for power 
saving in LTE. 

A mobile terminal is supposed to monitor the control signals 
continuously to be able to send and receive actual data. In LTE, these 
control signals are sent on Physical Downlink Control Channel 
(PDCCH). But monitoring PDCCH becomes a waste of radio resources 
and battery power particularly in the case when no uplink (UL) or 
downlink (DL) transmission is scheduled for longer periods.  
Discontinuous Reception (DRX) is one possible solution to avoid this 
situation, which means that a UE stays asleep and wakes up only at 
particular interval of times to monitor PDCCH for any data transfer.  
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1.1 Problem Definition  

LTE system not only benefits users from higher data rates in UL and DL, 
but also enriches the applications in terminal. This will increase the 
power consumption significantly. Since battery lifetime is one of the key 
resources for the user terminal, how to decrease the power consumption 
and increase the battery lifetime is a very important problem to solve. 
As described earlier, DRX is one of the key solutions. Battery life in UE 
is related to the battery current consumption in active state and DRX 
determines the activity behavior of UE. It is very meaningful to 
investigate the gain in battery lifetime with the use of DRX. 
Furthermore, different parameter settings in DRX will possibly show 
different DRX behaviors. For example, a sleep period that is too long 
may result in unnecessary or even unacceptable levels of delay in 
reception. On the other hand, a short sleep period will reduce the power 
saving.  Thus, it is also interesting to compare different gains of battery 
saving with different parameter settings, and propose the best 
parameter setting for the DRX feature in terms of battery lifetime. 

With DRX, the packet transmission delay is likely to be increased 
which possibly degrades the user performance especially for delay-
sensitive applications, such as VoIP. So, the possible outcome of DRX is 
expected to be two fold: reduced power consumption in the UE and 
improved or reduced VoIP performance. It becomes interesting to study 
the possible impact of DRX on the performance of real-time applications 
especially VoIP applications.  

Some previous studies show capacity enhancement in VoIP using 
different techniques. For instance, [3] investigates efficient scheduling 
algorithms for mixed traffic scenarios in HSDPA system. It is shown 
that for a mixed traffic scenario with VoIP and file downloading, the best 
performance is achieved when using a delay scheduler for VoIP and a 
proportional fair (PF) scheduler for FTP. Whereas with simultaneous 
VoIP and real-time video, the best performance is achieved when both 
services utilize a delay scheduler.  

For VoIP, the most important service requirements are quality, 
coverage and capacity. In [4], it is shown that coverage and quality can, 
in simulations, be shown to be at least as good as CS speech according to 
3GPP Rel. 99 specifications. Similarly, capacity evaluations show that 
VoIP over HSPA has the potential of matching or exceeding CS speech 
capacity, depending on scenario. 
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There are a few studies that suggest that the DRX cycle should be 
adjusted dynamically based on certain conditions. For example, [5] 
proposes an adaptive DRX scheme where the DRX cycle is updated 
automatically based on available battery power in mobile terminal. It is 
suggested that UE with available battery power lower than a certain 
threshold can be assigned longer DRX periods in contrast to a UE with 
higher available battery power, thus reducing power consumption. 
Another adaptive DRX scheme is presented in [6], where the DRX cycle 
is dynamically adjusted based on arrival pattern of data packets.   

To sum up, the current study is intended to answer the following 
major questions: 

1. How much gain can be achieved in terms of battery life in UE 
using DRX? 

2. What is the impact of varying DRX parameter settings and which 
settings show the best result? I.e. settings for On-duration Timer, 
Inactivity Timer, and DRX cycle length. 

3. What is the impact of DRX on VoIP performance in terms of 
capacity, packet delay and packet loss? (Both UL & DL are 
considered) 

The answers to the above mentioned questions are provided in 
chapter 6 and chapter 7 of this report. For those readers who are 
interested to find out the results without going through all the 
background information and the details about the simulation 
environment can jump directly to chapter 6 and skip rest of the report.  
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1.2 Thesis report outline 

The rest of this report is organized as follows. Chapter 2 provides an 
introduction to LTE, looking briefly into the requirements set for the 
future mobile technology. This is followed by a brief discussion about 
LTE MAC and LTE Physical layer, which is intended to provide the 
reader with related background. Chapter 3 describes DRX functionality 
and DRX working procedure. Furthermore, a discussion about DRX 
timer behavior and current implementation of DRX on the System 
Simulator is also included. Chapter 4 describes the study methodology. 
It includes a description of System Simulator and the power saving 
model which is used to calculate the power consumption in UE. A 
discussion about the modifications that are made in the simulator for 
the purpose of current study is also presented in this section. Chapter 5 
includes simulation results and their analysis. Chapter 6 presents 
conclusions and suggestions for further studies in this area. Chapter 7 
summarizes the report.  
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Chapter 2 

Long Term Evolution (LTE) 

2.1 Background 

In order to ensure the competitiveness of UMTS in the future, in 
November 2004, Third Generation Partnership Project (3GPP) began a 
project to define the Long-Term Evolution (LTE) of UMTS cellular 
technology. The specifications related to this effort are formally known 
as the evolved UMTS terrestrial radio access (E-UTRA) and evolved 
UMTS terrestrial radio access network (E-UTRAN), but are more 
commonly referred to by the project name LTE. LTE represents the 
future of the UMTS standard as it evolves from an architecture that 
supports both circuit-switched and packet-switched communications to 
an all-IP, packet-only system. The first version of LTE is documented in 
Release 8 of the 3GPP specifications.  

LTE has ambitious requirements for data rate, capacity, spectrum 
efficiency, and latency. In order to fulfill these requirements, LTE uses 
new multiple access schemes on the air interface: Orthogonal Frequency 
Division Multiple Access (OFDMA) in downlink and Single Carrier 
Frequency Division Multiple Access (SC-FDMA) in uplink. Furthermore, 
MIMO antenna schemes form an essential part of LTE. In order to 
simplify protocol architecture, LTE brings some major changes to the 
existing UMTS protocol concepts. LTE includes a Frequency Division 
Duplex (FDD) mode of operation and a Time Division Duplex (TDD) mode 
of operation.  

2.2 Requirements for UMTS Long Term Evolution 

Release 7 of the 3GPP specifications included the study phase of LTE. As 
a result of this study, main requirements for the design of an LTE 
system were identified and captured in 3GPP TR 25.913 [7]. Some of the 
key requirements can be summarized as follows: 
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Data Rate: Peak data rates target 100 Mbps (downlink) and 50 
Mbps (uplink) for 20 MHz spectrum allocation, assuming 2 receive 
antennas and 1 transmit antenna at the terminal.  

Throughput: Target for downlink average user throughput per 
MHz is 3-4 times better than release 6 HSDPA. Target for uplink 
average user throughput per MHz is 2-3 times better than release 6 
Enhanced Uplink. 

Spectrum Efficiency: Downlink target is 3-4 times better than 
release 6 HSDPA. Uplink target is 2-3 times better than release 6. 

Latency: The one-way transit time between a packet being available 
at the IP layer in either the UE or radio access network and the 
availability of this packet at IP layer in the radio access network/UE 
shall be less than 5 ms. Also C-plane latency shall be reduced, e.g. to 
allow fast transition times of less than 100 ms from camped state to 
active state. 

Bandwidth: Scaleable bandwidths of 1.25, 1.6, 2.5, 5, 10, 15, 20 
MHz shall be supported.  

Inter-working: Inter-working with existing UTRAN/GERAN 
systems and non-3GPP systems shall be ensured. Multimode terminals 
shall support handover to and from UTRAN and GERAN as well as inter-
RAT measurements 

Mobility: The system should be optimized for low mobile speed (0-15 
km/h), but higher mobile speeds shall be supported as well including 
high speed train environment as special case. 

Spectrum allocation: Operation in paired (Frequency Division 
Duplex / FDD mode) and unpaired spectrum (Time Division Duplex / 
TDD mode) is possible. 

Co-existence: Co-existence in the same geographical area and 
collocation with GERAN/UTRAN shall be ensured. Also, co-existence 
between operators in adjacent bands as well as cross-border coexistence 
is a requirement. 

Quality of Service: End-to-end Quality of Service (QoS) shall be 
supported. VoIP should be supported with at least as good radio and 
backhaul efficiency and latency as voice traffic over the UMTS circuit 
switched networks 
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Network synchronization: Time synchronization of different 
network sites shall not be mandated. 

Similar to other modern communication systems, data processing in 
LTE is structured into different protocol layers. Following section of this 
chapter contains a brief description of LTE MAC and LTE Physical 
Layer. The information is intended to provide the reader with the 
necessary background knowledge. Some key processes and functionality 
is discussed here, detailed description about these layers can be found in 
[2] and [8]. 

2.3 LTE MAC layer 

Medium Access Control (MAC) layer is a sub-layer of Layer 2(others 
being RLC and PDCP). Main tasks performed by MAC layer include 
logical channel multiplexing, HARQ retransmissions, and uplink and 
downlink scheduling. The scheduling functionality is located in eNodeB 
for both uplink and downlink. 

2.3.1 Logical channels 

MAC offers services to RLC layer in form of logical channels. These 
services include: 

• Data transfer 

• Radio resource allocation 

Each logical channel type is defined by what type of information is 
transferred. A set of logical channels defined for LTE are described as 
follows: 

• Broadcast Control Channel (BCCH): network transmits control 
information to all mobile terminals using this channel. 

• Paging Control Channel (PCCH): used for paging of mobile 
terminals. 

• Dedicated Control Channel (DCCH): used to transmit control 
information to and from mobile terminal. Individual configuration 
messages such as handover messages are sent through this 
channel. 
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• Dedicated Traffic Channel (DTCH): used for the transmission of 
user data to and from a mobile terminal. 

• Multicast Traffic Channel (MTCH): Downlink transmission of 
MBMS services is provided by this channel. 

2.3.2 Transport channels 

MAC layer uses services from physical layer in from of transport 
channels. In LTE, data on transport channels is organized into transport 
blocks. Depending on whether spatial multiplexing is used or not, one or 
more transport blocks can be transmitted during each Transmission 
Time Interval (TTI). A set of transport channels defined for LTE is given 
by: 

• Broadcast Channel (BCH): used for transmission of paging 
information 

• Downlink Shared Channel (DL-SCH): used for transmission of 
downlink data. 

• Uplink Shared Channel (UL-SCH): used for transmission of user 
data in uplink. 

• Multicast Channel (MCH): used to support MBMS  

2.3.3 Channel mapping 

The MAC layer is responsible for mapping logical channels onto 
transport channels both in uplink and downlink. In the downlink, logical 
channels can be mapped to transport channels as described in Figure 2-
1. 

 

Figure 2-1: Downlink channel mapping 
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In uplink, channel mapping is performed as shown in Figure 2-2. 

 

 

Figure 2-2: Uplink channel mapping 

One of the basic features of LTE radio access is that time-frequency 
recourses are dynamically shared between users in both uplink and 
downlink. The scheduler resides in MAC layer and handles the 
assignments of uplink and downlink resources. Similar to HSPA, LTE 
exploits the idea of channel dependent scheduling. One advantage of 
LTE over HSPA is that LTE can take channel variations into account 
not only in time domain, as HSPA, but also in frequency domain. In 
LTE, scheduling decisions are taken as often as every 1 ms. This allows 
for relatively fast channel variations to be tracked by scheduler.  

2.3.4 Downlink scheduler 

Downlink scheduler, during each TTI, determines which users are 
supposed to receive DL-SCH transmission and on what resources. DL 
scheduler also determines the transport block size and modulation 
scheme to be used for a particular DL user data transmission. Multiple 
users can be scheduled in parallel; each is mapped to set of unique 
frequency resources. Resources are assigned to users in form of Physical 
Resource Blocks (PRB), which will be discussed later in this document.  
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2.3.5 Uplink Scheduler 

Similar to downlink, scheduling of uplink resources is done by eNodeB. 
The eNodeB assigns certain time/frequency resources to the UEs and 
informs UEs about transmission formats to use. Similar to downlink, 
resources are assigned to users in form of resource blocks. The 
scheduling decisions may be based on QoS parameters, UE buffer status, 
uplink channel quality measurements, UE capabilities, etc.  

Similar to downlink scheduler, uplink scheduling decisions are taken 
once in every 1 ms interval to determine which terminals are supposed 
to get UL grant for this TTI.  

2.4 LTE Physical layer 

2.4.1 Downlink transmission scheme OFDMA 

The downlink transmission scheme for E-UTRA FDD and TDD modes is 
based on conventional OFDM. In an OFDM system, the available 
spectrum is divided into multiple-carriers, called sub-carriers. Each of 
these sub-carriers is independently modulated by a low rate data 
stream. Figure 2-3 shows a representation of an OFDM signal of 5 MHZ 
bandwidth.  

 

Figure 2-3: Representation of an OFDM signal [9] 

In E-UTRA, downlink modulation schemes QPSK, 16QAM, and 
64QAM are available. In the time domain, a guard interval may be 
added to each symbol to combat inter-OFDM-symbol-interference due to 
channel delay spread.  
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In contrast to an OFDM transmission scheme, OFDMA allows the 
access of multiple users on the available bandwidth. Each user is 
assigned a specific time-frequency resource. As a fundamental principle 
of E-UTRA, the data channels are shared channels, i.e. for each 
transmission time interval of 1 ms, a new scheduling decision is taken 
regarding which users are assigned to which time/frequency resources 
during this Transmission Time Interval (TTI). 

2.4.2 Frame structure 

LTE uses a generic frame structure same for both uplink and downlink. 
Two frame structure types are defined for E-UTRA: frame structure type 
1 for FDD mode, and frame structure type 2 for TDD mode. [10] 

For the frame structure type 1, the 10 ms radio frame is divided into 
20 equally sized slots of 0.5 ms, numbered from 0 to 19. A sub-frame 
consists of two consecutive slots, so one radio frame contains ten sub-
frames. This is illustrated in Figure 2-4. 

 

 

Figure 2-4: LTE frame structure type1 [10] 

For the frame structure type 2, the 10 ms radio frame consists of two 
half-frames of length 5 ms each. Each half-frame is divided into five sub-
frames of each 1 ms, as shown in Figure 2-5. All sub-frames which are 
not special sub-frames are defined as two slots of length 0.5 ms in each 
sub-frame. The special sub-frames consist of the three fields DwPTS 
(Downlink Pilot Timeslot), GP (Guard Period), and UpPTS (Uplink Pilot 
Timeslot). These fields are already known from TD-SCDMA and are 
maintained in LTE TDD. DwPTS, GP and UpPTS have configurable 
individual lengths and a total length of 1ms. 
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Figure 2-5: LTE frame structure type2 [10] 

To each OFDM symbol, a cyclic prefix (CP) is appended as guard 
time. One time slot consists of 6 or 7 OFDM symbols, depending on 
whether extended or normal cyclic prefix is configured, respectively. The 
extended cyclic prefix is able to cover larger cell sizes with higher delay 
spread of the radio channel. Figure 2-6 represents one time slot with 
normal cyclic prefix. 

 

 

Figure 2-6: LTE one time-slot with normal cyclic prefix 

The sub-carriers in LTE have a constant spacing of 15 kHz. In the 
frequency domain, 12 sub-carriers form one resource block. Depending 
on which type of cyclic prefix is used, a resource block consists of 84 or 
72 resource elements. The resource block size is the same for all 
bandwidths Figure 2-7 shows a representation of downlink resource 
grid.  
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Figure 2-7: Downlink resource grid [11] 

2.4.3 Downlink data transmission 

Data is allocated to the UEs in terms of resource blocks, i.e. one UE can 
be allocated integer multiples of one resource block in the frequency 
domain. These resource blocks do not have to be adjacent to each other. 
In the time domain, the scheduling decision is done in the base station 
(eNB) every transmission time interval (TTI) of 1 ms. The scheduling 
algorithm has to take into account the radio link quality situation of 
different users, the overall interference situation, Quality of Service 
requirements, service priorities, etc. The user data is carried on the 
Physical Downlink Shared Channel (PDSCH). 
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2.4.4 Uplink data transmission 

Uplink resource block size in the frequency domain is 12 sub-carriers, 
i.e. the same as in downlink. The uplink transmission time interval is 1 
ms (same as in downlink). User data is carried on the Physical Uplink 
Shared Channel (PUSCH). By use of uplink frequency hopping on 
PUSCH, frequency diversity effects can be exploited and interference 
can be averaged. The UE derives the uplink resource allocation as well 
as frequency hopping information from the uplink scheduling grant that 
was received on PDCCH four sub-frames before.  

2.4.5 Downlink control channels 

The Physical Downlink Control Channel (PDCCH) serves a variety of 
purposes. Primarily, it is used to convey the scheduling decisions to 
individual UEs, i.e. scheduling assignments for uplink and downlink. 
More specifically the transmission on PDCCH includes: 

DL-related scheduling messages: These messages are needed for a 
scheduled UE to be able to properly receive, decode and demodulate DL-
SCH. Moreover, information about DL-SCH resource allocation, 
transport format and information about hybrid ARQ are also included. 

UL-related scheduling messages: These messages contain scheduling 
grant information. These are intended to inform a scheduled UE what 
uplink resources and transport format to use for UL-SCH. The PDCCH is 
located in the first (up to three) OFDM symbols in the first slot of a sub-
frame. 

An additional Physical Control Format Indicator Channel (PCFICH) 
carried on specific resource elements in the first OFDM symbol of the 
sub-frame is used to indicate the number of OFDM symbols for the 
PDCCH. PCFICH is needed because the load on PDCCH can vary, 
depending on the number of users in a cell and the signaling formats 
conveyed on PDCCH. 
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2.4.6 Uplink control channel 

The Physical Uplink Control Channel (PUCCH) carries uplink control 
information (UCI), i.e. ACK/NACK information related to data packets 
received in the downlink, channel quality indication (CQI) reports, pre-
coding matrix information (PMI) and rank indication (RI) for MIMO, and 
scheduling requests (SR). The PUCCH is transmitted on a reserved 
frequency region in the uplink which is configured by higher layers. 
PUCCH resource blocks are located at both edges of the uplink 
bandwidth, and inter-slot hopping is used on PUCCH.  For TDD, 
PUCCH is not transmitted in special sub-frames. 
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Chapter 3 

Discontinuous Reception (DRX) 

3.1 DRX functionality 

Discontinuous Reception (DRX) is a method to conserve battery power in 
mobile phone. Each mobile device is assigned a periodic wake (ON) 
period during which it listens to the network and on other times it turns 
its receiver off and goes into power saving mode. The length of the wake-
period and many other parameters, which will be discussed later in this 
report, are decided by the network and could be assigned to mobile 
terminal when it first registers with the network. Downlink data 
transfer happens only during wake time.  

DRX Cycle: This represents the periodic repetition of DRX On-
Duration followed by the period of inactivity. Two types of DRX cycle, 
long DRX cycle and short DRX cycle are specified in 3GPP TS 36.321 V8. 
The term DRX cycle is a general term and may be used to refer to 
anyone of them. Length of On-Duration combined with length of 
inactivity period determines length of a DRX cycle. (See Figure 3-1) 

 

 

Figure 3-1: Representation of a DRX cycle 
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Active time: This represents the total amount of time when UE is 
awake. When DRX is enabled, it includes time for On-Duration, time 
when UE is continuously monitoring PDCCH due to Inactivity Timer, 
time when UE is monitoring PDCCH for UL grant reception, and time 
when UE is monitoring PDCCH due to Retransmission Timer. 

The functionality of DRX is realized by several timers. While few of 
these timers are periodic, others are non-periodic and triggered only 
upon certain conditions. Following sections describes the behavior of 
different DRX timers as specified in [2], if there is any difference 
between the specification and current implementation on the simulator; 
it is stated in this document. 

On-Duration Timer: represents the On-Duration during a DRX 
cycle. On-duration Timer is a periodic timer which always starts with 
the start of DRX cycle and expires after its specified period. Every 
mobile terminal will listen to the PDCCH during On-Duration even if 
there is no data transfer. This timer also defines the minimum average 
awake time of a UE. 

Inactivity Timer: specifies the number of consecutive TTIs during 
which UE shall monitor PDCCH after successfully decoding a PDCCH 
indicating a UL or DL data transfer for this UE. Inactivity Timer is 
triggered on the following occasions: 

• PDCCH indicates downlink transmission  

• Uplink grant received indicating uplink transmission  

The idea of this timer is to keep UE awake for a certain period 
during data transfer even if the On-Duration is expired. In DL, 
Inactivity Timer is usually triggered within On-duration period. If On-
duration period is longer, Inactivity Timer may start and expire within 
in the awake-period thus not contributing to the average awake time of 
the terminal. Also note that Inactivity Timer is only triggered for new 
transmissions both in uplink and downlink and not for retransmissions. 
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SR-pending Timer: according to the specifications [2], a scheduling 
request shall be considered pending until UL grant is received and UE 
shall monitor the PDCCH whenever UL grant is expected. This 
functionality is implemented using SR-pending Timer in the System 
Simulator. SR-pending Timer is triggered ON whenever a scheduling 
request is made by UE and it keeps the UE awake as long as it has 
received the UL grant from the eNB. The duration of this timer is 
flexible in the sense that it could be as short as one TTI during low 
traffic load scenario where UE actually can receive grant in 1ms. 
Whereas, in cases of high traffic load, it may take as many as several 
TTIs for UE to receive the uplink grant which results in longer awake 
time. Since SR-pending Timer is independent of On-duration Timer and 
any UE can send a scheduling request independent of its DRX status, it 
may trigger ON anytime during DRX cycle. This scenario is shown in 
Figure 3-2. 

 

 

Figure 3-2: SR occurring during period of inactivity 

UL retransmission Timer: according to 3GPP specifications [2], 
UE shall monitor PDCCH when it expects UL grant for retransmission. 
This functionality is implemented in the System Simulator using UL 
retransmission Timer. This timer is triggered 4 sub-frames after the 
uplink transmission.  

DL retransmission Timer: one retransmission timer is configured 
for every HARQ process in the downlink which means eight 
retransmission timers. Main purpose of this timer is to keep UE awake 
when it expects retransmissions on DL-SCH. Retransmission is 
triggered ON 8ms after a downlink HARQ process is NACKED. The 
period of retransmission timer is kept long enough so that to avoid the 
case where during DL retransmission arrives but UE is sleeping. 

18 
 



Short cycle timer: an optional timer which is only configured when 
short cycle is configured. It defines the number of TTIs before a new 
short cycle begins. 

 

Figure 3-3 shows the behavior of On-Duration Timer and Inactivity 
Timer. Note that Inactivity Timer starts after 1ms (decoding delay) of 
PDCCH indicating DL transmission. Furthermore, Inactivity Timer is 
not triggered for retransmissions. 

 

 

Figure 3-3: DRX configuration with On-duration and Inactivity Timer 

Figure 3-4 shows DRX behavior of HARQ RTT Timer and 
Retransmission Timer. Similar to Inactivity Timer, HARQ RTT timer is 
started after 1ms (decoding delay) of the PDCCH indicating a DL-SCH 
transmission. The current implementation of HARQ RTT Timer is a bit 
different than the specification. In the current implementation, HARQ 
RTT Timer is started only when a process is NACKED. The expiry of 
HARQ RTT Timer triggers Retransmission Timer. 

In specifications, HARQ RTT Timer is started for every DL-SCH 
transmission and the decoding result (ACK or NACK) is checked after 
HARQ RTT Timer is expired and Retransmission Timer is started if 
required. 
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Figure 3-4: DRX configuration with HARQ RTT Timer and Retransmission Timer 

Figure 3-5 shows DRX behavior when both Long and Short cycles are 
configured. DRX Short Cycle allows UE to monitor PDCCH more 
frequently. Note that in the current study only DRX Long Cycle is 
configured. 

 

 

Figure 3-5: DRX configuration with both Long and Short DRX cycles. Expiry of Short 
cycle Timer triggers On-duration Timer of DRX Short cycle 
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3.2 DRX procedure 

DRX working procedure is defined in 3GPP TS 36.321, Release 8T [2] as: 

When a DRX cycle is configured, the UE shall follow procedure for each 
TTI:  

• Whenever a new DRX Cycle begins, the On Duration Timer is 
started.  

• If a DL assignment has been configured for this TTI start the 
HARQ RTT Timer.  

• If the On Duration Timer or DRX Inactivity Timer or DRX 
Retransmission Timer is running; or  

• If an UL grant for a retransmission can occur:  

o UE shall monitor the PDCCH;  

o If the PDCCH is successfully decoded:  

 If the PDCCH indicates a DL transmission:  

• Start the HARQ RTT Timer.  

o If On Duration Timer or DRX Inactivity Timer is running 
and the PDCCH indicates a new transmission:  

 Start or restart the DRX Inactivity Timer.  

• If the DRX Inactivity Timer expires in this TTI:  

o Start DRX Short Cycle Timer if configured;  

o Use the short DRX cycle if configured else use the long DRX 
cycle.  

• If DRX Short Cycle Timer or the On Duration Timer expires in 
this TTI:  

o Use the long DRX cycle.  

• If HARQ RTT Timer expires in this TTI:  

o UE shall start or restart the DRX Retransmission Timer.  
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Regardless of whether the UE is monitoring PDCCH or not the UE 
receives and transmits HARQ feedback when such is expected [2].  
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Chapter 4 

Study Methodologies 

4.1 Power saving model 

The power saving in UE is one of the main objectives of this study. 
Discontinuous reception provides one way for UE to save receiver power 
by turning the receiver OFF during the period of inactivity. Longer the 
period of inactivity, more the opportunity to save receiver power. In 
other words receive power is directly proportional to the average awake 
time of the terminal.  

A simple model for power saving calculation could be to divide 
terminal into three parts: Transmitter, Receiver, and Baseband. The 
total power consumption in terminal is then sum of power consumption 
in these three parts respectively.  

Mathematically, this can be presented as follows: 

)()()( BBnRXnTXnPower bbrxtx ×+×+×= ---------------------- (1) 

Where    

• txn represents transmitter activity and is calculated by 
average number of transmissions per TTI.  

• rxn represents the receiver activity. When DRX is enabled, 
this value is taken to be equal to average awake time of 
terminal whereas in no-DRX case it is assumed to be equal to 
1 

• bbn represents the baseband activity. For VoIP application 
baseband is typically ON all the time, so this value is assumed 
to be 1. 
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Whereas for RX, TX, and BB, following normalized values can be 
used. These numbers are based on Ericsson platform extrapolated to 
LTE.  

• RX=1 

• TX= [1.5, 1.7, 2.2, 3.3, 5.6, 6.4, 7.1, 8.1] for TX power [<0 5 10 
15 20 21 22.5 24] dBm 

• BB=0.4 

Equation 1 is used for power calculation in UE for both cases i.e. 
with and without DRX. Note that the above presented model is valid for 
services below 100 kbps. For higher data rates power consumption in 
baseband parts is increased. The new value for BB, to be used at higher 
throughputs, is given as: 

• BB=0.4+ (0.05 - 0.1)*n where n is Mb/s.   

4.2 System Simulator 

System Simulator is a java based radio network simulator developed at 
Ericsson Research. This is an event based simulator, which implements 
end-to-end cellular network with some simplifications to avoid to much 
computational requirements but still, keeping the performance as close 
to real time scenario as possible. For every, time-related, specific event, 
a java event object is created and inserted in an event queue. Later 
these events are executed in a sequential way, either directly or at their 
specified time.  

The simulator implements a modular structure where each module 
represents a process or an entity in a cellular network such as radio 
network, base station, user creation, traffic model, propagation model 
etc. This modular structure provides possible exchange and reuse of 
these modules in different simulation scenarios. Each of these modules 
contains several variables which can be configured as per requirement of 
a certain simulation case. Furthermore, every module contains variables 
that are used to collect data during the simulation. These output 
variables, commonly referred to as log items, can be configured as per 
requirement before starting a certain simulation process. Figure 4-1 
shows a simplified structure of the system simulator. 
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Figure 4-1: Simplified structure of the system simulator 

The following pages describe some of the key processes/entities which 
formulate an end to end communication system. These processes are 
described in the context of the current simulation scenario.  

4.2.1 User creation 

In System Simulator, user creation can be performed in many ways. 
Either all users can be created at the same time at start of simulation or 
they can be created randomly during the entire simulation time. A user 
generator module generates a chain of user creation events (see Figure 
4-2 ). Upon the execution of each event, one or more users are created. 
These events can be distributed in time according to the requirement of 
a simulation scenario. 

user generator

user generator user

user

Timeevents

 

Figure 4-2: User creation process in the system simulator 
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A user object is created for each user which holds the statistics of the 
simulated user from the time it appears in the simulation until it is 
finished. Similar to the creation process, a user’s life time can be 
selected among many possible options such as fixed life time, 
exponential life time, normal, lognormal, and so on. For the current 
study all users are created in the beginning with fixed life time 
distribution. That means all the users remain active from the start to 
the end of the simulation. 

4.2.2 Traffic model 

3GPP proposes different traffic models for the performance evaluation of 
UTRA and EUTRA which are presented in Table 1. Depending on 
whether the traffic is real-time or non real-time, these traffic models are 
grouped under two categories: Best Effort Packet Service and Packet 
Service with Conversational Services.  

Table 1: Traffic models [12] 
Traffic Models Model applies to 
Best Effort Packet Service  

FTP DL or UL with TCP feedback 
HTTP DL with TCP feedback on UL 
Packet Service with 
Conversational Service 

 

VoIP DL and UL 
Streaming DL and UL 
Video Conferencing DL and UL 
Gaming UL 

The System Simulator can simulate different traffic models such as 
VoIP traffic, Web traffic, mixed traffic etc. For the current study, only 
VoIP traffic model is used both for uplink and downlink. Voice frames 
are produced using the Adaptive Multi-Rate (AMR) speech codec. The 
AMR codec is standardized for GSM, and is also chosen by 3GPP as the 
mandatory codec for 3G systems. It is a multi-mode codec with 8 speech 
modes with bit rates between 4.75 and 12.2 kbps. The sampling 
frequency is 8 kHz and processing is done on 20 ms frames, i.e. 160 
samples per frame. Three of the AMR modes are already adopted 
standards of their own, the 6.7 kbps mode as PDC-EFR, the 7.4 kbps 
mode as TDMA-EFR, and the 12.2 kbps mode as GSM-EFR. Further 
details can be found in 3GPP TR 26.090. 

Table 2 shows the total number of speech bits for different AMR 
speech codec modes.  
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Table 2: Bit count of AMR coding algorithm for 20ms frame [13] 

Mode Number of bits per frame 
12.2 kbps (GSM-EFR) 244 
10.2 kbps 204 
7.95 kbps 159 
7.40 kbps (TDMA-EFR) 148 
6.70 kbps (PDC-EFR) 134 
5.90 kbps 118 
5.15 kbps 103 
4.75 kbps 95 

The AMR payload format is designed to be flexible, ranging from 
very low overhead to an extended format with the possibility to increase 
bit error robustness and pack several speech frames in one packet. 

VoIP traffic follows an ON OFF pattern where one user talks and 
other listens. Typically voice activity factor remains around 50%. System 
Simulator allows adjusting voice activity factor and SID frame 
generation. In the current study AMR 12.2 kbps mode is used with voice 
and SID frame size of 256 and 56 bits respectively. Voice activity factor 
is set to be 50% which means each user remains silent for about half of 
the time during which SID frames are sent. This scenario is depicted in 
Figure 4-3. 

 

 

 

Figure 4-3: VoIP traffic representation with 50% voice activity factor. SID frames are 
sent every 160 ms during the silence period 
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In the System Simulator VoIP delay is measured at the two 
communicating ends. One entity at UE side is communicating with 
another entity at the network side. The DL VoIP traffic is from the 
network side to UE side, while UL VoIP traffic is from UE side to 
network side. So, the packet delay is basically counted as the sum of the 
voice encoding delay, the network transmission delay, RAN transmission 
delay, decoding delay, and also the 20ms voice frame interval. One VoIP 
packet is seemed as lost if this packet cannot be received at the peer 
entity after the VoIP session period. 
 

4.2.3 Deployment 

All simulations are run on a hexagonal grid with multiple numbers of 
base stations. Every base station is associated with three cells. The 
number of base stations and cell radius can be set according to the 
requirement for a certain simulation. . In the current study a network of 
7 base stations has been used. To get most accurate results, even larger 
cluster can be used but that can be done on cost of simulation time. 
Figure 4-4 shows hexagonal deployment with 7 sites and 3 cells per site. 

Cell radius

 

Figure 4-4: Deployment according to regular hexagonal pattern. 3 cells per site 

Users are randomly distributed along the hexagonal grid which may 
lead to some cells containing slightly larger number of users than others.  
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4.2.4 Radio channel 

Three types of channel models, Typical Urban channel model, Rural 
Area channel model, and Hilly Terrain channel model are presented in 
3GPP TR 25.943 based on different deployment area. These models are 
named as Tux. RUx, and HTx, where x represents mobile speed in km/h. 
Table 3 represents the channels models with the default UE’s speeds. 

Table 3: Channel models with respective mobile speeds [14] 
Channel model Mobile speed 
TUx 3 km/h 

50 km/h 
120 km/h 

RAx 120 km/h 
250 km/h 

HTx 120 km/h 

The System Simulator allows selecting multi-path fast fading 
channel and the UE speed according to simulation requirement. Current 
study uses TU3, 3GPP Typical Urban with UE speed of 3km/h, channel 
model for all simulations.  

4.2.5 Propagation 

The Okumura Hata propagation model is used for all the simulations 
performed in the current study. The Okumura model is one of the most 
widely used propagation models to predict path loss along the link of 
cellular transmission in built up areas. This model takes a few 
parameters such as base station antenna height, UE’s antenna height, 
distance between base station and UE, and so on as input to predict the 
total path loss.  

Basically path gain depends on distance gain, antenna gain, and 
shadowing gain. The attenuation factor is set to be 3.76. Distant 
dependent path loss is calculated using the distance between 
transmitter and receiver. Minimum distance between UE and cell is set 
to be 35m which means that a UE which is closer that this distance will 
still have a path loss as if it was 35 meters away. All the propagation 
parameters are based on 3GPP case1 parameters with some 
modifications such as cell radius and bandwidth are set to 500 m and 5 
MHz instead of 166.66 m and 10 MHz respectively. 
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4.3 DRX implementation on the System Simulator 

DRX impacts the scheduling decisions both in uplink and downlink. Two 
scenarios are considered here. 

In the downlink scheduler, when preparing priority queue, each user 
is assigned a weight based upon certain conditions such as buffer 
estimate, whether the receiving UE is awake or not, and available cell 
resources etc. If all other conditions are met and the receiving UE is 
sleeping at the time of scheduling, this user can not be scheduled during 
this TTI for downlink transmission. Figure 4-5 represents the simplified 
process flow in the downlink scheduler.  

 

 

 

Figure 4-5: Simplified process flow in downlink scheduler 

In principle, a user can receive downlink assignment only during 
awake periods. If only On-Duration timer is running and no other timers 
configured, a user will have to wait until next On-Duration to get 
scheduled for the downlink. This scenario is shown in Figure 4-6.   
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Figure 4-6: A representation of delays introduced by DRX in receiving DL 
assignments 

This situation may cause longer delays in DL or data loss in case 
when due to some error when the synchronization between eNB and UE 
is lost. 

In the uplink scheduler, once again while preparing the priority 
queue a user is assigned weight zero if it is sleeping. In other words a 
user cannot receive uplink grant as long as it is sleeping (see Figure 
4-5). To send data in the uplink a mobile terminal has to wait until the 
next awake period.  

The only difference that can be seen in the uplink is Scheduling 
Request (SR) process. This process can be summarized as follows: 

- For a UE 

• If uplink data available  

o Send a scheduling request 

o SET SR-pending 

• Monitor PDCCH 

• If UL grant received 

o RESET SR-pending  
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The SR-pending Timer keeps UE awake from when a scheduling 
request is made until when the UL grant is received. It must be noted 
that since SR is independent of On-Duration time, it may occur during 
the sleep period and thus may increase the average awake time of the 
terminal. Figure 4-7 represents the SR process flow. 

 

 

Figure 4-7: Scheduling request process in uplink 

4.4  Modifications in DRX implementation 

In the default implementation of DRX in the simulator, all the network 
users start their DRX cycle at the same time. This scenario combined 
with the fact that all users are created in the beginning, results in a 
situation where many users try to get scheduled at the same time, which 
degrades the overall network performance. Moreover, this does not 
represent a realistic situation either. A more practical implementation 
should be to distribute users in time so that not all the users start their 
DRX cycle at the same time. This is done by modifying the current 
implementation.  

In the new implementation, every user is assigned a random offset to 
start their DRX cycle. This random offset is chosen within the range of 
the DRX cycle length. For example if a 20 ms cycle is used, a random 
offset between 0-19 ms can be selected. The minimum difference 
between any two offsets can be 1ms (related to TTI length). This way 
users are distributed randomly along the DRX cycle. This scenario is 
presented in Figure 4-8. 
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Figure 4-8: Representation of improved DRX implementation 
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Chapter 5 

Simulations and Performance 
Analysis 

5.1 Simulation Parameter Setting 

Previous chapter discussed simulation environment and key processes in 
the context of current study. Table 4 summarizes all important 
simulation parameters and values in one place.  

Table 4: Simulation parameter settings 

Parameter Value Comment 
Simulation time 30.5 s  
Number of base stations 7  
Number of cells 21  
Cell radius 500 m  
Carrier frequency   
UL/DL bandwidth 5 MHz  
UE speed 3 km/h  
Multi-path fading channel 3GPP Typical 

Urban 
 

Traffic model VoIP traffic   
Speech codec AMR 12.2 kbps  
RLC mode UM Unacknowledged mode 
SID frame True SID frames are sent 

during silence period at 
1/8th frequency of speech 

Voice Activity Factor 50% User is silent half the time 
ROHC header 
compression 

True ROHC model, commonly 
4 bytes compressed 
header for RTP+UDP+IP 
header 

User life time distribution Fixed All users stay active from 
start to end of simulation 

Delay requirement 140 ms Maximum allowable delay  
from network node to the 
terminal node 
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UL/DL scheduler Round Robin Round Robin scheduling 
algorithm is used [15] 

UL/DL grants & 
assignments 

3 3 users can be scheduled 
simultaniously in one TTI 

Handover model LTE ideal 
handover 

Simplified HO model 
which assumes that there 
is no packet drop during 
hand over 

5.2 Simulation Results 

Results are organized under three main categories: 

• Case1: tuning On-duration Timer  

• Case2: tuning Inactivity Timer  

• Case3: tuning DRX cycle  

Key evaluation parameters include VoIP capacity, both in uplink and 
downlink, and average awake time of terminal under different 
simulation scenarios. As it was discussed in section 4, average awake 
time actually represents the receiver activity or the receiver power 
consumption. Additional results about packet delays, DRX timer’s 
activity, transport block size, and so on are added wherever needed to 
further clarify and support the analysis. Note that all the simulation 
results presented in this report are based on 3GPP case1 parameters 
(same propagation model) but with larger cell radius i.e. 500 m. Using a 
cell radius of 166.66 m, as it is specified in 3GPP case1, may produce 
different results.   

5.2.1 Tuning On-duration Timer 

For a constant value of DRX cycle, On-duration Timer is varied to see 
how it affects the overall performance. Specific parameter settings for 
this case are presented in Table 5. 

Table 5: Specific simulation parameter settings for Case1 
Parameter Value 
DRX cycle length 20 ms 
On-duration Timer 1 ms, 2 ms, and 4 ms 
Inactivity Timer 2 ms 
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Figure 5-1 shows downlink VoIP capacity. Downlink capacity 
decreases when DRX is enabled. This is because of the delays introduced 
by discontinuous reception (see Figure 5-7). A user can only be scheduled 
when awake and this situation limits the scheduling opportunities. It 
should be noted, however, that for 2ms on-duration and above that the 
capacity loss is not so high. For 2ms On-duration period, the capacity 
loss is 7% compared to no-DRX case and it decreases further with the 
increase of On-duration period. On the other hand, for On-duration less 
than 2ms, for example 1ms, the capacity loss is quite significant (36 %). 
This suggests that the minimum value to be used for On-duration period 
in the current scenario is 2ms.  

 

Figure 5-1: Downlink VoIP capacity for different On-duration periods 

Another observation from the Figure 5-1 is that increasing the On-
duration above 2ms will not increase the capacity with the similar ratio 
as it will increase the total awake time of the terminal. Figure 5-2 shows 
average awake time of UE. 
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Figure 5-2: Average awake time of UE 

Note that average awake time remains almost constant until 80 
users/cell and shows a gradual increase after that. This increase is due 
to SR timer which tends to take longer time at high traffic loads. 
However, since this increase in SR timer starts to happen far above the 
uplink capacity (see Figure 5-4 & Figure 5-5), the average awake time 
should be read below the traffic load of 80 users/cell.  

Figure 5-3 shows a comparison of downlink VoIP capacity and 
average awake time of UE for different On-duration periods.  
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Figure 5-3: Comparison of Downlink VoIP capacity and average awake time of UE 
for different On-duration periods 

As it was discussed earlier, the increase in average awake time by 
increasing the On-duration from 2ms to 4ms is much higher (net 
increase ~=36%) compared to the gain achieved in downlink capacity for 
the same increase in On-duration period. From the power saving 
perspective, 4ms On-duration period will allow higher power 
consumption without allowing a comparable gain in capacity. This 
suggests that 4ms On-duration period is not suitable for the current 
scenario. 

To understand how different DRX timers contribute to the total wake 
time of terminal, it is important to know the behavior of each timer. This 
is shown in Figure 5-4. 
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Figure 5-4: Timers activity for 20ms DRX cycle and 2ms On-duration case 

Note that Figure 5-4 represents only 2ms On-duration case, which is 
why On-duration Timer shows a constant value of 10% (of one DRX 
cycle).  Apart from the On-duration Timer, Inactivity Timer and UL 
retransmission Timer show major contribution, 9% and 4%, to the total 
awake time of terminal. As it was said earlier, SR Timer stays below 1% 
until traffic load is 80 users/cell after which it increases significantly 
(14% at 110 users/cell). This gradual increase in SR Timer is because at 
high traffic loads the average time to receive uplink grant after sending 
a scheduling request is increased. In other words UE has to wait longer 
to receive an uplink grant at high traffic. 

Figure 5-5 shows the uplink VoIP capacity. The degradation in 
uplink capacity is relatively higher than the same in the downlink. This 
is because uplink capacity suffers from UL frame fragmentation. If the 
radio conditions are not good, VoIP frame will be fragmented, sometimes 
in two and sometimes maybe even in more segments.  
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Figure 5-5: Uplink VoIP capacity for different On-duration periods 

UE will always be able to receive the first grant since it is awake due 
to the SR-pending Timer. After the first segment is received, the SR-
pending Timer will be triggered OFF and the Inactivity Timer will be 
triggered ON. For the terminal to be able to receive the remaining 
segments of the grant, they must be sent within the time window 
defined by the Inactivity Timer, i.e. 2ms. Once the Inactivity Timer 
expires, UE will go back to sleep and the UL grant can not be received 
until the UE is awake again. This will increase the packet delay and 
affect the overall VoIP performance.  

Average transport block size for UL is shown in Figure 5-6. It is clear 
from the figure that average transport block size is less than the size of 
one MAC-PDU size for VoIP frame (354 bits), which suggests that on 
average UL VoIP data frame will be sent in two fragments. The 
transport-block size remains same for both no-DRX and DRX case; 
however a user without DRX will not be affected by this situation as 
much as a user with DRX. This is because no-DRX user is awake all the 
time and fragmented grant can be received anytime. 
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Figure 5-6: Average transport block size in the uplink 

Figure 5-7 shows downlink packet delay comparison for different On-
duration periods. Note that the packet delay decreases with the increase 
of On-duration period. 

 

Figure 5-7: Downlink packet delay for different On-duration periods 
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5.3 Tuning Inactivity Timer 

Basically the simulations from Case1 are repeated with a new value of 
Inactivity Timer (4 ms). Table 6 presents DRX related settings for 
Case2. 

Table 6: Specific simulation parameter settings for Case2 
Parameter Value 
DRX cycle length 20 ms 
On-duration Timer 1 ms, 2 ms, and 4 ms 
Inactivity Timer 4 ms 

Figure 5-8 shows the downlink VoIP capacity 

 

Figure 5-8: Downlink VoIP capacity for new value of Inactivity Timer 

Figure 5-8 show that an increase in Inactivity Timer shows a small 
gain for downlink capacity. This is because in the downlink, On-duration 
Timer plays more important role than Inactivity Timer. Inactivity Timer 
is usually triggered within On-duration period and only after receiving 
the downlink assignment for the first HARQ transmission. Inactivity 
Timer helps more in cases when there is frame fragmentation.  In that 
case it can keep a user awake, even if On-duration is expired, to receive 
the remaining fragments. However, note that since Inactivity Timer is 
triggered with in On-duration period, for larger On-duration periods it 
may have an overlap of 100% and does not affect the total awake time at 
all. 
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Figure 5-9 shows the uplink VoIP capacity, whereas Figure 5-10 
shows a comparison of uplink capacity for two different values of 
Inactivity Timer.  

 

Figure 5-9: Uplink VoIP capacity for new value of Inactivity Timer 

 

Figure 5-10: Uplink capacity comparison for two different values of Inactivity Timer 
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It is clear that an increase in Inactivity Timer has improved the 
uplink capacity significantly. For example for 2ms On-duration case the 
uplink capacity has improved from 52 users/cell to 62 users/cell (gain 
~=19%). As discussed earlier, the uplink capacity suffers from the frame 
fragmentation and an increase in Inactivity Timer has increased the 
chances to receive the remaining fragments with smaller delay, which 
has improved the overall VoIP capacity. 

Figure 5-11 presents a comparison of uplink packet delay after 
increasing the inactivity Timer. It is clear from the figure that uplink 
delay has been improved with changing the period of Inactivity Timer. 
Note that Figure 5-11 shows the delay comparison for only 2ms On-
duration case.  

 

Figure 5-11: Uplink packet delay comparison for two different values of Inactivity 
Timer 

Figure 5-12 shows the total active time of the terminal for different 
On-duration periods. Figure 5-13 shows a comparison of average awake 
time for different Inactivity Timer periods. 

0 1 2 3 4 5 6 7 8 9 10
87%

88%

89%

90%

91%

92%

93%

94%

95%

96%

97%

98%

99%

100%

Delayed Packet Ratio [%]

C
D

F

Uplink Packet Delay Comparison 

 

 

No-DRX
DRX 2ms ON-Duration, Inactivity Timer 4ms
DRX 2ms ON-Duration, Inactivity Timer 2ms

44 
 



 

Figure 5-12: Average awake time of UE 

 

Figure 5-13: Comparison of average awake time of UE for different values of 
Inactivity Timer 
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Overall the total awake time has increased due to the increase in the 
Inactivity Timer period. However, this increase is relatively greater at 
smaller on-duration periods. For example for 1ms On-duration period 
the total awake time has increased from 19% to 29% whereas for 4ms it 
increases from 30 to 37. This is because at smaller On-duration periods 
the probability of overlap of the two timers is much smaller.  

 

5.4 Tuning DRX Long Cycle 

Different DRX-cycle lengths are evaluated under this case. On-duration 
period is kept relative to the cycle length (10% of the DRX-cycle). The 
10% value was chosen on the basis of early simulation results where 
2ms and 4ms On-duration with respective 20 ms and 40 ms DRX-cycle 
showed almost comparable results both in terms of battery life and VoIP 
capacity. So it was decided to test the same threshold (10% On-duration) 
for other cycle lengths. Table 7 presents DRX related settings for Case3. 

 
Table 7: Specific simulation parameter settings for Case3 

 

 

Figure 5-14 shows a comparison of downlink VoIP capacity for 
different DRX cycle lengths with relative on-duration periods. Note that 
the downlink capacity decreases with increase in cycle length. This is 
due to fact that longer DRX cycle introduces longer delays. For VoIP 
traffic where voice frames are generated every 20 ms, this delay 
degrades the performance. For example for 60 ms DRX cycle every user 
has around 3 packets waiting to be scheduled and the first packet has to 
wait for almost 60 ms before it can be scheduled. Figure 5-14 suggests 
that a 20 ms cycle is best suited for VoIP traffic. Although 40 ms cycle 
can also be used with small degradation in capacity but increasing 
further degrades the capacity considerably. However, as it was said 
earlier in this document, this conclusion is based on simulation result for 
current case i.e. with a cell radius of 500 m. Using longer DRX cycle may 
produce different results for another simulation scenario.  

Parameter Value 
DRX cycle length 20 ms, 40ms, 50ms, 60ms 
On-duration Timer 2 ms, 4 ms, 5ms, 6ms 
Inactivity Timer 2 ms 
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Figure 5-14: Downlink VoIP capacity for different DRX cycle lengths 

Figure 5-15 shows the total awake time of the terminal. It should be 
noted that there is very smaller difference in total average time for 
different DRX cycle periods. This is because the relation between DRC 
cycle and On-duration remains same for all cases.  

 

Figure 5-15: Average awake time of UE for different DRX cycle lengths 
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The small difference in total awake time of the terminal in Figure 
5-15 is due to Inactivity Timer.  

A comparison of uplink VoIP capacity is presented in Figure 5-16. 

 

Figure 5-16: Uplink VoIP capacity for different DRX cycle lengths 

Figure 5-16 shows that, in contrast to the downlink, the uplink 
capacity is not affected by DRX cycle length. This is because in uplink a 
UE does not need to wait for the next On-duration to get scheduled. 
Instead, it can send a scheduling request whenever it has uplink data. 
This decreases the initial delays that are experienced in downlink due to 
longer DRX cycle. 

 

 

 

 

 

 

 

40 45 50 55 60 65 70 75 80
85%

90%

95%

100%

Users/Cell

Sa
tis

fie
d 

U
se

rs
Uplink VoIP Capacity [ comparison of different DRX cycles ] 

 

 

No-DRX
DRX-cycle = 20 ms, ON-duration = 2ms
DRX-cycle = 40 ms, ON-duration = 4ms
DRX-cycle = 50 ms, ON-duration = 5ms
DRX-cycle = 60 ms, ON-duration = 6ms

48 
 



 

Chapter 6 

Conclusions 
The following conclusions can be made based on the results presented in 
section 5.2: 

• DRX shows different gains both in capacity and battery power for 
different parameter setting. While some of these settings show 
higher gain in time saving (opportunity to turn OFF receiver), 
others are good for VoIP capacity. A summary is given in Table 8. 

 
Table 8: Summary of power gain and capacity gain for different DRX settings 

On-duration 
Timer 

DL loss UL loss Time 
saving  

Inactivity 
Timer 

2 ms 7% 24% 78% 2 ms 
4 ms 6% 19% 70% 
2 ms 6% 10% 68% 4 ms 
4 ms 5% 10% 63% 

• Longer DRX cycle degrades VoIP performance, particularly in 
downlink. For example 2 ms On-duration with 20 ms DRX cycle 
shows a capacity loss of 7% where as 6 ms On-duration with 60 
ms DRX cycle shows a capacity loss of 15%. Proposed DRX cycle 
length is 20 ms in our tested cases, i.e., with 500 m cell radius. 

• Based on the simulation results, proposed setting for DRX is given 
as follow: 

o  DRX cycle length = 20 ms 

o  On-duration Timer = 2 ms 

o  Inactivity Timer = 4 ms 
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6.1 Battery saving 

Based on the power saving model presented in section 4, the total power 
consumption can be calculated as follows: 

For no-DRX case, rxn is assumed to be 1 and txn  is calculated as 
follows: 

txn = (total number of transmissions + total number of  
            retransmissions) / total simulation time in milliseconds 
        = total number of transmissions * (1 + HARQ NACK rate) / 30000 
        = 0.042 
 
Similarly TX is assumed to be 5.6 for the corresponding average 

transmission power on PUSCH which is 19.8 dBm. Note that, for the 
current case, both txn and TX are calculated for PUSCH only. For a 
more precise calculation, transmissions on both PUSCH and PUCCH 
shall be considered. Now putting all the above calculated values in 
equation(1) yields: 

  
6352.1)4.01()11()6.5042.0( =×+×+×=−DRXnoPower -------- (2) 

For the proposed DRX setting rxn is 0.32 which corresponds to 32% 
average awake time of terminal. Furthermore, DRX has slightly 
changed the transmitter activity as well, which is due to the fact that 
DRX affects the UL grant reception. New values for transmitter activity 
and TX are 0.416 and 6.4 respectively. 

Power consumption in DRX case is given by: 

986.0)4.01()132.0()4.60416.0( =×+×+×=DRXPower ------- (3) 

A comparison of equation (2) and equation (3) shows a rough 
estimate of power saving as follows: 

Power saving due to DRX = 60% ---------------------------------------------- (4) 
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6.2 Further study 

This study has been limited to VoIP traffic only. An open issue is to test 
DRX in other traffic types such as web browsing, download/upload, 
chatty applications, and traffic mixes. 

This study has evaluated DRX with fixed timer settings. One 
interesting scenario is to test adaptive DRX configuration where length 
of DRX Timers changes with changing conditions in the network. For 
example On-duration Timer can be adjusted dynamically depending on 
traffic conditions in DL. Two different values of On-duration can be 
selected based on traffic threshold.  

Inactivity Timer has a major contribution to the total awake time of 
UE. One possibility, to further reduce the power consumption, is to 
assign separate Inactivity Timers for UL and DL. Then the UL 
Inactivity Timer can be adjusted dynamically depending on the uplink 
channel conditions or frame fragmentation. While sending the UL grant 
eNB can also tell UE about which value to select for Inactivity Timer. If 
there is no frame fragmentation, Inactivity Timer may not be triggered 
at all.  

In the current implementation, UL-retransmission Timer is 
triggered for every uplink transmission. If Uplink-retransmission Timer 
is modified to trigger only when NACK, larger gains in power saving can 
be expected.  

Another open issue is to synchronize scheduling request with On-
duration Timer. If scheduling request is sent within On-duration period, 
it may further reduce the power consumption particularly at high traffic 
loads. 

So, it should be very interesting to investigate all above possible 
further improvement for DRX features in next studies. 
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Chapter 7 

Summary 
Two main objectives of this study have been to find out how 
discontinuous reception affects the overall VoIP performance and how 
much (%) power saving can be achieved. DRX allows UE to go to sleep 
and wake up only at predefined intervals to see if there are any data 
packets waiting to be delivered. This behavior of DRX introduces delays 
in packet delivery and degrades the performance. From the performance 
point of view, whenever there is data to be delivered, a user should 
always be able to receive it without any delay. However, to save more 
power, UE should be assigned longer sleep periods so that it can have 
more opportunity to turn it’s receiver OFF. This results in a conflicting 
scenario where objective is to save maximum possible power while 
keeping the VoIP degradation to minimum.  

This study has evaluated different DRX parameter settings for VoIP 
traffic both in uplink and downlink and found out different gains in 
terms of power saving and network performance. It is shown that key 
parameters include On-duration Timer, Inactivity Timer and length of 
DRX cycle. These three parameters have major impact on both VoIP and 
power saving. Different combinations of these parameters show different 
results.  
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DRX affects downlink and uplink in a different manner. In the 
downlink, a user cannot be scheduled and thus receive any DL data 
during the period of inactivity. Downlink assignments can only be sent 
when receiving UE is awake. This is one reason that length of DRX cycle 
and length of On-duration period is more important parameters in 
downlink. It is found out that increasing the length of DRX cycle, 
keeping relatively constant average awake time of terminal, introduces 
larger delays in downlink and thus degrades the performance. On the 
other hand, uplink is affected by DRX only when there is  fragmentation. 
In uplink, whenever a user has available data it can a scheduling 
request, which is independent of DRX state and can be sent even if UE is 
sleeping, and thus can get UL scheduling grant. However, if the grant is 
fragmented, UE might not always be able to receive remaining 
fragments due to DRX state. That is why Inactivity Timer plays a more 
important role in UL. If poor radio conditions are expected, it is 
important to have larger Inactivity Timer period.  

From the power saving point of view, the length of On-duration 
Timer and Inactivity Timer should be chosen as smaller as possible. 
However, these parameters should not be reduced below a certain 
threshold. For example reducing On-duration Timer below 2ms shows a 
major degradation in VoIP performance while not showing a comparable 
gain in receiver power.   

This study has proposed a DRX parameter setting to achieve 
maximum power saving with minimum VoIP degradation. Based on the 
assumed power saving model and the simulation settings presented in 
chapter 4 and chapter 5 of this report respectively, the proposed DRX 
settings show that ~60% of total power can be saved while keeping the 
VoIP capacity loss <= 12%.  
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