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Abstract—LTE (Long-Term Evolution, commonly marketed as
4G LTE) is a standard for wireless communication of high-speed
data for mobile phones and data terminals. The Packet Scheduler
(PS) is a key feature of enhancing the networks performance.
The packet scheduler is responsible of assigning the Physical
Resource Blocks (PRBs) to attached User Equipment (UEs). The
main contribution of this paper is to compare the throughput
of the eNodeB between a proposed algorithm and Round Robin
(RR) Algorithm. The RR Algorithm assigns the PRBs between
all attached UEs but does not take the channel conditions into
account. In this paper, we propose a novel scheduling algorithm
which considers the number of the PRBs and the number of
the attached UEs and generates better throughput than RR
algorithm.

Index Terms—LTE, 4G, Scheduling, Packet Scheduler, Re-
source management.

I. INTRODUCTION

Long Term Evolution (LTE) is a standard for mobile net-
works, developed by 3GPP. LTE standard is the evolution stan-
dard from 3G mobile networks and can deliver higher capacity
and lower latency. The improved architecture of LTE network
allows more efcient radio access networks with respect to the
growth of the applications that demand high data rate. The
wide range of applications and Internet services are supported
in LTE by employing the Orthogonal Frequency Division
Multiple Access (OFDMA) in the downlink and a Single
Carrier Frequency Division Multiple Access (SCFDMA) in
the uplink. The OFDMA divides a given bandwidth into
orthogonal frequencies subcarriers. A total of 12 subcarriers
form one OFDMA symbol which is recognized as unit of data
transmission.

The Packet Scheduling (PS) is one of the radio resource
management functions that plays major role to enhance the
performance of the network. In recent years several Packet
Scheduling algorithms have been proposed. One way to design
a PS algorithm is to assign a User Equipment (UE) which has
better channel conditions a portion of the system bandwidth.
The PS mechanism is not standardized, so to attain optimal
performance the scheduling algorithm must be taken into
account. In LTE, eNodeB entity functions performs as all-IP
network architecture and it is corresponding to RNC entity in
WCDMA [1]. To measure the channel quality in LTE, Channel

Quality Indicator (CQI) is considered and its value can be
estimated by BER[2]; for example. BY using CQI estimated
value, the appropriate modulation scheme would be selected
for certain channel connection[3].

In this paper, the focus is on the achieved performance by
applying the proposed algorithm on a given set of network
deployment. The results are compared with the round robin
algorithm [4] where all the UEs are scheduled without con-
sidering channel conditions. The rest of this work is organized
as follows. Section two provides literature review. The frame
structure of LTE is described in third section. In fourth section,
the packet scheduling procedure is explained with the proposed
mechanism. Simulation results are depicted in section five and
last section presents the conclusion of this work.

II. RELATED WORK

This section provides a survey of LTE scheduler propos-
als from the literature. Most of the material on proposed
LTE scheduling emphasizes maximizing the fairness and data
throughput, in terms of performance metrics. In the Best-CQI
algorithm, for example, PRBs will be assigned to the UE with
the highest CQI. Also, some algorithms assign PRBs to UEs
with maximum throughput in order to maximize the overall
system’s throughput. In [5], the authors went through the basic
scheduling method, which is the round robin scheduler. The
round robin scheduler is used to maximize fairness objectives
among the UEs. The number of UEs which have a chance to be
scheduled is constrained by the number of physical downlink
control channels (PDCCH). That is because the PRBs are
signaled to the UEs through the available PDCCH. Moreover,
the throughput of the system is degraded. The round robin
scheduler was recognized based on two different domains,
which are the time domain (TD) and the frequency domain
(FD). In the time domain, the scheduler will allocate the
available PRBs to one UE each TTI. The UE is picked up
from a scheduled list of UEs, which contains the number
of available UEs. However, multiple users can be served
in one TTI. Four greedy heuristic algorithms are proposed
in [6]. The carrier-by-carrier is one of the algorithms they
proposed. In this algorithm, the available RBs were ordered
from RB-1 to RB-m to meet the constraint of assigning
contiguous RBs for each UE that has the highest metric value.978-1-5386-1104-3/17/$31.00 c© 2017 IEEE



Additionally, proportional fairness is the performance metric
that is measured by the algorithm, which then starts assigning
the set of contiguous RBs. Also, the Largest-Metric-Value-
RB-First algorithm was proposed in [6]. In this algorithm, the
authors attempted to solve the contiguity constraint to some
extent. The algorithm attempts to enforce non-candidate RBs
to be assigned to a scheduled user while these non-candidate
RBs are placed between two different candidate RBs to
fulll the contiguity constraint. Additionally, the opportunistic
scheduling algorithm, termed the Heuristic Localized Gradi-
ent Algorithm (HLGA), was proposed and discussed in [7].
Accordingly, the HLGA is able to manage the retransmission
request and resource allocation concurrently. When PRBs are
assigned to a particular UE, the PRBs must meet the contiguity
constraint. If two PRBs, which are not adjacent to each other,
are assigned to the same UE, the algorithm imposes additional
PRBs that are placed between those PRBs and are to be
allocated to same UE. The same concept is implemented on
the ARQ-blocks by the algorithm in case of a transmission
failure. Then, a pruning phase will be taken into account. The
pruning phase refers to when the algorithm makes sure that no
PRBs are left. When some PRBs are remaining, however, the
remaining PRBs are assigned and distributed among unsatised
UEs. However, the HLGA demands high memory resources
while it is allocating the PRBs among the UEs.

III. LTE FRAME STRUCTURE

Fig. 1 illustrates the frame structure for the LTE downlink
scheme and the uplink scheme. The downlink/uplink frame
structure is the same even though the schemes are different.
The LTE downlink/uplink frame equals a 10-millisecond radio
frame in terms of time domain. The System Frame Number
(SFN) identies and classies frames so that diverse transmission
cycles can be controlled. Each LTE downlink/uplink frame is
divided into ten sub-frames, and each one of them equals one
millisecond time duration. A sub-frame contains two slots,
each of which is 0.5 milliseconds long. Eventually, the 0.5
millisecond slot comprises of a number of OFDM/SCFDMA
symbols. The number of OFDM/SC-FDMA symbols is set
according to the CP mode that is considered for the networks.
Actually, two types of CP mode are dened in LTE, normal CP
mode and extended mode. In the case of normal CP mode,
default mode, the number of OFDM/SC-FDMA symbols in-
volved in the 0.5 millisecond slot is set to seven symbols.
In other words, if the CP mode is extended, thenumber of
OFDM/SC-FDMA symbols involved in 0.5 millisecond slot
is six symbols. According to the Modulation and Coding
Scheme (MCS), the number of data bits conveyed by a
particular OFDM/SC-FDMA symbol can be calculated based
on estimated CQI value [2][3]. Fig. 2 illustrates the frequency
grid structure of an LTE frame in the 0.5 millisecond time
slot. As is demonstrated, the frequency grid of the OFDM/SC-
FDMA time slot contains numerous sections, and each one of
them equals 180 kHz. Accordingly, each section is comprised
of twelve adjacent OFDM/SC-FDMA subcarriers. The partic-
ular radio resource unit known as Physical Resource Block

(PRB) is formed by 180 kHz X 0.5 millisecond frequency-
time blocks as shown in Fig. 2. The PRB comprises a set
of twelve OFDM/SC-FDMA subcarriers. Seven OFDM/SC-
FDMA symbols are included in each subcarrier in the normal
CP case or six in the extended CP case.

Fig. 1. Frame Structure of LTE Standard

To dedicate LTE frames for both downlink and uplink

Fig. 2. Frame Structure of LTE Standard

directions, two duplexing modes are dened in LTE, Time
Division Duplexing (TDD) and Frequency Division Multiplex-
ing (FDD). In TDD mode, uplink transmission and downlink
transmission can be contained in a frame, and the distribution
of subframes between uplink and downlink transmissions is



inuenced by the TDD configuration. Additionally, a particular
subframe is used to distinguish between uplink and downlink
transmissions. In the case of FDD, the uplink transmission and
downlink transmissions are detached into various frequency
bands so that a single subframe can be dened as a full unit
for each uplink or downlink transmission.

IV. THE PACKET SCHEDULING

Packet Scheduling involves allocating the available PRBs
for UEs in the network and it performs for a particular
amount of time. The time period in which Packet Scheduling
works is identied as a Transmission Time Interval (TTI). TTI
equals 1 millisecond, which is the period of one sub-frame.
The Packet Scheduler is responsible for choosing a group
of UEs within its range, in order to schedule them each
TTI. The scheduler maps the available PRBs to the selected
group of UEs in order to decide which group of PRBs will
be applicable to valid UEs in order to achieve the highest
performance metric. The performance metric refers to the
measurement of some UEs properties, such as average packet
delay or data rate, which is to be determined for each UE.
The measurement of a given performance metric can have an
effect on the systems performance, so the Packet Scheduler
can maximize the desirable level system requirements. The
Packet Scheduler also performs a function known as Link
Adaptation (LA). The Link Adaptation function is signicant
as it ensures that the data packets are transmitted to the
correct target destination. The message exchanged between
UE and eNodeB and the signaling control constitutes the
actual mechanisms for requesting (from UE to eNodeB) or
granting (from eNodeB to UE) resources. However, the LTE
standard did not specify a particular way or algorithm for the
Packet Scheduler. This algorithm is open to the research.

Fig. 3. Packet Scheduler Model [8].

A. LTE Packet Scheduler Procedure

To obtain efficient downlink packet scheduling, the UE
might provide a report about the channel status to eNodeB.
According to the measurement of the channel status report,
the downlink scheduling can make an intelligent decision
to allocate proper PRBs to the correct UE. To do so an

interaction between the radio resource management function
and the downlink scheduler can be observed. The eNodeB
first transmits a reference signal to the UE. Then, the UE
decodes it, calculates the CQI, and sends it back to the
eNodeB. The CQI is calculated as a quantized and scaled
measure according to the Signal to Interference plus Noise
Ratio (SINR). This CQI information is used by the eNodeB
to make a decision about scheduling the PRBs. Accordingly,
the best MCS will be selected by the Adaptive Modulation
and Coding module. The Physical Downlink Control Channel
(PDCCH) takes over and sends information about the assigned
PRBs and the selected MCS. Eventually, each UE will read the
PDCCH information and will access an appropriate Physical
Downlink Shared Channel payload in case it is scheduled. Fig.
3 depicts the interaction between the RRM functions and the
downlink scheduler.

B. Proposed Algorithm

The round robin scheduler algorithm is one of the standard
scheduling algorithms and it is used for comparison with
other proposed algorithms. The RR algorithm delivers a high
level of fairness among the UEs. However, the throughput
of the system is degraded. We need to define an algorithm
in order to increase the throughput of the system. Therefore,
the proposed algorithm performs scheduling of UEs based
on the number of PRBs and the number of UEs. The
number of PRBs is related to the bandwidth of the system.
Therefore, if the bandwidth is known, the number of PRBs
can be determined. Tab. I shows the relationship between the
bandwidth and the number of PRBs.

TABLE I
BANDWIDTH AND NUMBER OF PRBS

Bandwidth PRBs

1.4 MHz 6 PRBs

3 MHz 15 PRBs

5 MHz 25 PRBs

10 MHz 50 PRBs

20 MHz 100 PRBs

If the number of UEs is larger than the number of available
PRBs, the proposed scheduler algorithm performs in order to
maximize the following metric Eq. 1.[8]

m(i, j) =
Di

j (t)

T i (t − 1)
(1)

where Di
j(t) is the expected data-rate for i-th UE at time t

on the j-th PRB and T i(t1) is the past average throughput
experienced by i-th UE.

Accordingly, the percentage of allocation of UEs with
poor channel conditions can be increased [8]. If the number
of UEs is lower than the number of available PRBs, the
proposed scheduler algorithm schedules the UE with the
highest CQI. Algorithm 1 depicts the pseudo-code of the



proposed scheduler algorithm, while Fig. 4 depicts the flow
chart of the proposed scheduler algorithm.

Algorithm 1 Proposed
1: Let N be The number of active UEs
2: Let X be The expected data rate
3: Let R be The number of PRBs
4: Let Y be The past average throughput for each UE
5: Let M = X / Y
6: for all UEs do
7: if N ≥ R then
8: assign RB to UE with highest value of M ;
9: else

10: assign RB to UE with best CQI
11: end if
12: end for

Fig. 4. Packet Scheduler Model

V. SIMULATION RESULTS

We evaluate and compare the performance of the proposed
algorithm and round robin algorithm. The results are obtained
from experiments conducted using the LTE system simulator
developed in [9]. We consider two scenarios: one with 3 UEs
and the other with 8 UEs; with system bandwidth of 1.4 MHz
and 6 PRBs. The purpose of the simulation set up is to analyze
how the proposed algorithm performs when the number of
UEs becomes either higher or lower than the number of RBs
compared with the results from the round robin scheduler
algorithm. The throughput and Block Error Ratio (BLER) for
both the UEs and the eNodeB are captured and measured. The
simulator will run every TTI (50 TTIs in this experiment).
Each UE transmits feedback information about SINR and
MCS according to the received transmission pilot from the
eNodeB. Then the eNodeB receives the feedback from each
attached UE, and the scheduler decides the allocation of PRBs
based on the resource allocation criteria. The channel model
is based on the Zero Forcing (ZF) receiver with two transmit
antennas. The first scenario is to set the number of UEs
to 3 UEs which is below the number of PRBs in order to
investigate the performance of the proposed algorithm under
this condition. The second scenario is to set the number of

UEs (8 UEs in this case) larger than the number of PRBs.
The simulation parameters are depicted in Tab. II.

TABLE II
SIMULATION PARAMETERS

Parameters Value

System Bandwidth 1.4 MHz

Subcarriers 6

Subcarriers Bandwidth 180 KHz

Noise Power Spectral Density -174 dBm/Hz

Subcarrier Spacing 15 KHz

Channel Model PedB

Carrier Frequency 2000 MHz

Number of Users 3/8

Number of Transmit/Receive Antennas 2/2

Transmit Mode Spatial Multiplexing

Simulation Time 50 TTIs

Macrocell Transmit Power 43 dBm

Scheduler (RR)/ Proposed Algorithm

Cyclic Prefix Type Normal

A. 3 UEs Scenario

In this scenario, 3 UEs are attached to the eNodeB, so
the number of UEs becomes lower than the number of the
available PRBs. Fig. 5 shows the throughput of the eNodeB
and the proposed algorithm has better throughput in this case.
From Fig. 6 to Fig. 8, the plots depict the BLER for the three
attached UEs scenario for both schedulers, the round robin
algorithm and the proposed algorithm.

Fig. 5. Cell Throughput in 3 UEs Scenario

Fig. 6. BLER of First UE in 3 UEs Scenario



Fig. 7. BLER of Second UE in 3 UEs Scenario

Fig. 8. BLER of Third UE in 3 UEs Scenario

B. 8 UEs Scenario

In this scenario, the number of UEs attached to the eNodeB
is increased to eight in order to meet the second condition
in the proposed algorithm (Number of UEs is more than
Number of PRBs). Fig. 9 depicts the eNodeB throughput,
which compares between the round robin algorithm and the
proposed algorithm; the gap between them is quite long, and
it can be observed. Also, the proposed algorithm delivered
better throughput in 8 UEs scenario than 3 UEs scenario.
From Fig. 10 to Fig. 17, the plots depict the BLER for
the eight attached UEs for both schedulers, the round robin
algorithm and the proposed algorithm.

Fig. 9. Cell Throughput in 8 UEs Scenario

VI. CONCLUSION

In this paper, a scheduling scheme is proposed based on
the number of the UEs, which are attached to the eNodeB.
It acts differently according to the number of UEs, so when
the number of UEs is larger than the number of PRBs, it
tends to allocate the PRBs to the UEs with fairness and with
maximum possible throughput. However, when the number

Fig. 10. BLER of First UE in 8 UEs Scenario

Fig. 11. BLER of Second UE in 8 UEs Scenario

Fig. 12. BLER of Third UE in 8 UEs Scenario

Fig. 13. BLER of Fourth UE in 8 UEs Scenario

Fig. 14. BLER of Fifth UE in 8 UEs Scenario



Fig. 15. BLER of Sixth UE in 8 UEs Scenario

Fig. 16. BLER of Seventh UE in 8 UEs Scenario

Fig. 17. BLER of Eighth UE in 8 UEs Scenario

of UEs is low, the scheduler allocates the PRBs to the UE
with the highest CQI. The simulation was conducted in two
different scenarios. The proposed algorithm was compared
with the round robin algorithm. Accordingly, the scheduler
with the proposed algorithm could deliver reasonable overall
throughput as compared to the round robin algorithm in both
scenarios with a relative fairness in the second scenario. All
UEs got a chance to be scheduled when round robin scheduler
algorithm was implemented. However, the throughput of some
UEs was very low due to the poor channel conditions. On the
other hand, some UEs did not get chance to be scheduled and
remained idle when the proposed algorithm was implemented
since they did not meet the criteria for proportional fairness
metric. Thus,our proposed algorithm includes the channel
conditions and proportional fairness metric when making the
scheduling decision for the UEs. The results prove that the
proposed algorithm performs better than round robin algorithm
due to the additional criteria factored into the scheduling
decision. Proposed scheme would be compared with more
LTE scheduler schemes. Also, channel aware strategy will
be considered in this scheme in order to mitigate undesirable
impact of interference.
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