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Abstract—The LTE specification provides QoS of multimedia
services with fast connectivity, high mobility and security. How-
ever, 3GPP specifications have not defined scheduling algorithms
to support real time and non-real time application services. In
this paper we propose a modified version of M-LWDF and
EXP/PF scheduling algorithms based on token mechanism, which
provide better performance to real time flows such as video and
VoIP in downlink system. By taking the arrival rates of packets
to queues into account, the proposed mechanism included in
previous scheduling algorithms, can increase remarkably the bit-
rate for multimedia services. Simulation results show that the
proposed modified algorithms can achieve a throughput gain
for real time services specially for video traffic. Performance
evaluation is conducted in terms of system throughput and packet
loss ratio (PLR).

Index Terms—Wireless networks, quality of service, perfor-
mance evaluation, long-term evolution, virtual token.

I. INTRODUCTION

In conjunction with the useful growth of Internet, multi-
media and real time services, Long Term Evolution (LTE)
technology has been proposed to perform this ambitious
task. LTE uses orthogonal frequency division multiple access
(ODFMA) in the downlink. OFDMA divides the frequency
band into a group of mutually orthogonal subcarriers, thereby
improving like this system capabilities by providing high data
rates, supporting multi-user diversity and creating resistance
to frequency selective fading of radio channels.

The quality of service (QoS) of LTE must be satisfied by
giving users the optimal balance of utilization and fairness.
Real Time (RT) services need a high QoS level and non-
Real Time (NRT) services must have a minimum bit-rate. To
satisfy this demand, several packet scheduling algorithms have
been proposed to support RT and NRT traffic for mobile and
wireless networks such as M-LWDF, PF, EXP/PF [8][4][14].
In the above mentioned schedulers, a priority value is assigned
to each connection regardless its type depending on certain
criterion. The connection with the best criteria is scheduled
first at the next transmission time interval (TTI). This approach
has the advantage of low implementation complexity. Due to
the different traffic characteristics and QoS requirements of
RT and NRT flows, it is difficult to define a single priority

criterion. To do this, it is necessary to use different algorithms
for each type of service (RT and NRT).

The aim of this paper is to investigate the performance of
the algorithms EXP/PF and M-LWDF modified respectively
to use a virtual token mechanism. In previous publications,
virtual token mechanisms have been proposed to guarantee
a minimum throughput to non-real time services [12] and
[13]. Given that multimedia services are becoming the most
important applications in telecommunications technology (e.g
video and VoIP), this work has adapted a scenario to use
the token queues concept to improve the performance for
multimedia services.

This paper is organized as follows. Section II describes
the downlink system model in LTE, section III describes
the aforementioned packet scheduling algorithms and their
characteristics. There is also a discussion about the virtual
token queues mechanism describing its adaptation to M-LWDF
and EXP/PF. In section IV, a simulation environment scenario
is presented, where the traffic model is described and a
numerical results analysis is exposed. Section V concludes
this paper.

II. DOWNLINK SYSTEM MODEL

The QoS aspects of the LTE downlink are influenced
by a large number of factors such as: Channel conditions,
resource allocation policies, available resources, delay sensi-
tive/insensitive traffic. In LTE the resource that is allocated to
a user in the downlink system, contains frequency and time
domains, and is called resource block. The architecture of
the 3GPP LTE system consists of several base stations called
“eNodeB” where the packet scheduling is performed along
with other radio resource management (RRM) mechanisms.

The entire bandwidth is divided into 180 kHz, physical
resource blocks (RB’s), each one lasting 0.5 ms and consisting
of 6 or 7 symbols in the time domain, and 12 consecutive
subcarriers in the frequency domain. The resource allocation
is realized in every TTI, that is exactly every two consecutive
resource blocks. In this way, resource allocation is made on a
resource block pair basis.

Users report their instantaneous downlink channel condi-
tions (e.g signal-to-noise-ratio, SNR) to the eNodeB at each
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TTI. At the eNodeB the packet scheduler performs a user
selection priority, based on criteria such as channel conditions,
HOL packet delays, buffers status, service types etc. The
eNodeB has a complete information about the channel quality
by the use of Channel State Information (CSI).

Packets arriving into the buffer at eNodeB, are time stamped
and queued for transmissions based on a first-in first-out
(FIFO) scheme. For each packet in the queue at the eNodeB
buffer, the head of line (HOL) is computed, and a packet
delay is computed as well. If the HOL packet delay exceeds
a specified threshold, packets are discarded.

Figure 1. LTE downlink system

III. SCHEDULING ALGORITHMS

Resource allocation among different flows in wireless net-
works is performed by several scheduling policies such as
channel gain, average rate, and packets arrival delay. For
elastic flows, PF is a good choice due to its capacity to allocate
selecting users by their channel state. For real time services,
algorithms based on packet delay such as M-LWDF have been
proposed. For mixed flows, real time flows and non-real time
flows, algorithms as EXP/PF or EXP rule have also been
proposed. The scheduling algorithms under consideration in
this work are specifically M-LWDF and EXP/PF. PF is also
used as reference for this performance.

A. Proportional Fair (PF)

Proportional Fair algorithm [4], which is implemented in
High Data Rate (HDR) networks was introduced to compro-
mise between a fair data rate for each user and the total
data rate. PF is a very suitable scheduling option for non-real
time traffic. It assigns radio resources taking into account both
the experienced channel quality and the past user throughput.
The goal is to maximize the total network throughput and to
guarantee fairness among flows.

j =
μi(t)
μ̄i

(1)

where μi(t) denotes the data rate corresponding to the
channel state of the user i at time slot t, μ̄i is the mean data
rate supported by the channel.

B. Maximum-Largest Weighted Delay First (M-LWDF)

M-LWDF is an algorithm designed to support multiple
real time data users in CDMA-HDR systems[8]. It supports
multiple data users with different QoS requirements. This
algorithm takes into account instantaneous channel variations
and delays in the case of video service.

The M-LWDF scheduling rule tries to balance the weighted
delays of packets and to utilize the knowledge about the
channel state efficiently. At time slot t, it chooses user j for
transmission as follows

j = max
i

ai
μi(t)
μ̄i

Wi(t) (2)

where μi(t) denotes the data rate corresponding to the
channel state of the user i at time slot t, μ̄i is the mean data rate
supported by the channel, Wi(t) is the HOL packet delay and
ai > 0, i = 1, ..., N , are weights, which define the required
level of QoS. According to [5], a rule for choosing ai, which
works in practice, is ai = − log(δi)Ti. Here Ti is the largest
delay that user i can tolerate and δi is the largest probability
with which the delay requirement can be violated.

C. Exponential Proportional Fairness (EXP/PF)

Exponential Proportional fairness is an algorithm that was
developed to support multimedia applications in an adap-
tive modulation and coding and time division multiplexing
(ACM/TDM) system, this means that a user can belong to a
real time service or non-real time service [14]. This algorithm
has been designed to increase the priority of real time flows
with respect to non-real time ones.

At time slot t, the EXP rule chooses user j for transmission
as follows

j = max
i

ai
μi(t)
μ̄i

exp(
aiWi(t) − aW

1 +
√

aW
) (3)

where all the corresponding parameters are the same as in
the M-LWDF rule, except the term aW defined as

aW =
1
N

∑

i

aiWi(t) (4)

When the HOL packet delays for all the users do not differ
a lot, the exponential term is close to 1 and the EXP rule
performs as the Proportionally Fair rule. If for one of the
users the HOL delay becomes very large, the exponential term
overrides the channel state-related term, and the user gets a
priority.

D. Token Queues Mechanism

It is essential that queue state information, such as queue
length and packet delay, which is a reflection of traffic bursti-
ness, to be utilized in scheduling packets. On the other hand,
since the queue state information is tightly connected with
QoS, wisely controlling queues is one of the most effective
ways for QoS provisioning. As it is described earlier, M-
LWDF and EXP/PF are making scheduling decisions based on
the actual packet delays. However, we propose to modify these



algorithms by combining them with virtual token in order not
to take only the delay into consideration but also to provide a
certain minimum throughput to flows. For doing so, a virtual
token queue is associated to each flow, into which tokens
arrive at constant rate ri, the desired guaranteed minimum
throughput of flow i. Let us define Vi(t) to be the delay of
the head of line token in the flow i token queue. Note that we
do not need to maintain the token delays. As the arrival rates
of tokens are constant,

Vi(t) =
Qi(t)

ri
(5)

where Qi(t) is the token queue length (a counter value at
time t). The value for ri is 1 in our simulation scenario, like
this, the same desired minimum throughput is given to all
flows.

Then, we use the M-LWDF and EXP/PF rules with Wi(t)
being replaced by Vi(t) respectively.

j = max
i

ai
μi(t)
μ̄i

Vi(t) (6)

j = max
i

ai
μi(t)
μ̄i

exp(
aiVi(t) − aW

1 +
√

aW
) (7)

After the service of a real queue, the number of tokens in
the correspondent token queue is reduced by the actual amount
of data transmitted.

Figure 2. Token queues mechanism

IV. SIMULATION ENVIRONMENT

This paper investigates the performance of PF, M-LWDF,
and EXP/PF in LTE. In this process a single cell with
interference scenario is used. We have set up a scenario where
there are 40% of users using video flows, 40% of users
using VoIP flows and the remaining 20% are best effort and
FTP flows. Users are constantly moving at speed of 3 kmph
in random directions (random walk). LTE-Sim simulator is
used to perform this process[11]. LTE-Sim provides a support
for radio resource allocation in a time-frequency domain.
According to [11], in the time domain, radio resources are
distributed every Transmission Time Interval (TTI), each one
lasting 1 ms. Furthermore each TTI is composed by two time
slot of 0.5 ms, corresponding to 14 OFDM symbols in the

default configuration with short cyclic prefix; 10 consecutive
TTIs form the LTE Frame. Simulation parameters are shown
in Table I.

Table I
LTE DOWNLINK SIMULATION PARAMETERS

Parameters Values
Simulation duration 150 s

Flows duration 120 s
Frame structure FDD

Radius 1 km
Bandwidth 10 MHz

Slot duration 0.5 ms
Scheduling time (TTI) 1 ms

Number of RBs 50
Max delay 0.1 s

Video bit-rate 242 kbps
VoIp bit-rate 8.4 kbps

A. Traffic Model

A video service with 242 kbps source video data rate is
used in the simulation, this traffic is a trace based application
that sends packets based on realistic video trace files which
are available on [15]. For VoIP flows G.729 voice flow are
generated by the VoIP application. In particular, the voice flow
has been modeled with an ON/OFF Markov chain, where the
ON period is exponentially distributed with mean value 3 s,
and the OFF period has a truncated exponential probability
density function with an upper limit of 6.9 s and an average
value of 3 s [9]. During the ON period, the source sends 20
bytes sized packets every 20 ms (i.e., the source data rate is 8.4
kbps), while during the OFF period the rate is zero because
the presence of a Voice Activity Detector is assumed. Best
effort flows are created by an infinite buffer application which
models an ideal greedy source that always has packets to send.
The FTP application is modeled using a lognormal function
with an upper limit of 5 Mbytes and a mean value of 2 Mbytes
for the file size, reading time is modeled using an exponential
distribution with a mean value of 180 s [3].

The LTE propagation loss model is composed by 4 differ-
ent models (shadowing, multipath, penetration loss and path
loss)[1]

• Pathloss: PL = 128 : 1 + 37 : 6 log(d) where d is the
distance between the UE and the eNB in km.

• Multipath: Jakes model
• PenetrationLoss: 10 dB
• Shadowing: log-normal distribution (mean = 0dB, stan-

dard deviation = 8dB)

B. Numerical Results

In [13] [12] virtual tokens are used to guarantee a minimum
throughput for non-real time users by modifying the EXP
rule. In our case, the scenario aims to perform a virtual
token method for real time flows. EXP/PF and M-LWDF
schedulers have been chosen and modified to use a virtual
token mechanism to improve their performance when using
multimedia services such as video and VoIP. To compare
results the following notation is used: "PF" represents the
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Figure 3. Average throughput per video flow
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Figure 4. Packet loss ratio for video flows

proportional fair algorithm (Equation 1), “M-LWDF” repre-
sents the classic M-LWDF algorithm (Equation 2), “EXP/PF”
represents the classic EXP/PF (Equation 3), “M-LWDF-VT”
represents the modified M-LWDF which use the virtual token
mechanism (Equation 6), and "EXP/PF-VT" represents the
modified EXP/PF which use the virtual token mechanism
(Equation 7).

In this analysis, a percentage value is used to compare mod-
ified algorithms results with non-modified algorithm results.

For video flows, the aggregate throughput increases con-
siderably by 35.1% for 60 users when EXP/PF-VT is used,
compared to the non-modified EXP/PF (Figure 3). Packet
loss ratio (Figure 4) decreases considerably by 61.6% when
using EXP/PF-VT. Therefore, this modification shows a good
performance for video flows. M-LWDF-VT shows a better
throughput performance as well, increasing by 11%. M-
LWDF-VT show a decrease of PLR by 20%.

For VoIP flows there is not a significant variation of through-
put between modified algorithms (Figure 5). Packet loss ratio
decreases when using M-LWDF-VT. It also presents a stable
performance when the cell is charged by 60 users. Packet
loss ratio increases when using EXP/PF-VT when the cell is

 7000

 7500

 8000

 8500

 9000

 9500

 10000

 10500

 11000

10 15 20 25 30 35 40 45 50 55 60

T
h
r
o
u
g
h
p
u
t
 
[
b
p
s
]

Users

PF
M-LWDF

 M-LWDF-VT
EXP/PF

EXP/PF-VT

Figure 5. Average throughput per VoIP flow
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Figure 6. Packet loss ratio for VoIP flows

charged by more than 56 users (Figure 6).
For non-real time flows, throughput decreases when the

cell is charged by more than 30 users (Figure 7). EXP/PF-
VT shows the highest and considerable difference from 30
to 60 users with a throughput decrease of 28.9%. M-LWDF-
VT shows a throughput decreases up to 15.8% compared
to the classic M-LWDF. Packet loss ratio increases for both
algorithms (Figure 8), EXP/PF-VT being the one that presents
the highest PLR increase, shows a rise up to 86.1% compared
to EXP-PF when the cell is charged by more than 30 users.

It should be noted that there are no QoS guarantees for
best effort flows. Therefore virtual token modification does not
produce good results for best effort and FTP services because
we set to 1 the value of r in Equation 5. Since we use an
ON/OFF model, no packet arrives at the virtual queue when
the state is set to OFF. This explains why there is almost no
variation in throughput gain. Video flows will always have
the largest virtual token queue, which justify the considerable
throughput gain as shown in Figure 3. Helped by a virtual
queue, the real queue is well served, which explains the low
PLR obtained in simulations as shown in Figure 4.

All the efficiency obtained by video flows penalizes to non-
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Figure 7. Average throughput per FTP and best effort flows
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Figure 8. Packet loss ratio for FTP and best effort flows

real time flows. This happens due to the FTP model and the
best effort flows (infinite buffer application) used. However, it
should also be noted that LTE-Sim works under UDP traffic,
so considering that FTP is normally implemented under TCP,
the PLR rate could be lower than shown in Figure 8 due to
the TCP retransmission control.

V. CONCLUSIONS

This paper aims to carry out the performance of resource
allocation in downlink LTE system to enhance the QoS for
real time services. In this paper a virtual token mechanism has
been implemented along with some well known algorithms to
improve the performance of multimedia services. We defined
two performance metrics, namely, throughput and PLR. With
respect to these measures, we found that EXP/PF-VT performs
the best among the algorithms considered for video flows,
nevertheless it penalizes non-real time flows. Moreover, M-
LWDF-VT experiments a small performance increase for
video flows, but the non-real time flows decrease, is not as
high as when using EXP/PF-VT. However, this experimented
inequity between RT and NRT flows, could be controlled by
modifying the desired throughput value, in the virtual token

mechanism. Our results show that token queue mechanisms
used in conjunction with an intelligent scheduling algorithm
can improve the efficiency of this algorithm for multimedia
services. Future research could be focused on using virtual
token mechanisms to balance the bit-rate distribution between
RT and NRT flows.
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