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ABSTRACT

This paper explores the performance of three packet scheduling algorithms, namely, Proportional Fair (PF) algorithm,
Exponential/Proportional Fair (EXP/PF) algorithm and Maximum Largest Weighted Delay First (MLWDF), from the real
time traffic perspectives. Simulation results showed that in the downlink of the 3GPP LTE system, the MLWDF
outperforms the PF and the EXP/PF algorithms in terms of packet throughput, packet-loss ratio, packet latency, fairness
index and total cell spectral efficiency.
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l. Introduction

Long Term Evolution (LTE) is proposed by the Third Generation Partnership Project (3GPP) in order to provide support for
a high-speed data networks. The access technology in the downlink of the 3GPP LTE system is the Orthogonal Frequency
Division Multiple Access (OFDMA). In OFDMA, the available bandwidth is divided into groups of orthogonal and narrow-
band subcarriers, and subcarriers are allocated to users based on their requirements, system configuration and current
system load [1].

The radio access network of the LTE is composed of only single logical node called evolved Node Base station (eNB). The
eNB handles all Radio Resource Management, including packet scheduling. Packet scheduler is responsible for
transmitting user’s data packets and efficient utilization of the available radio resources, so that users’ Quality of Service
(Qo0S) can be maintained [2]. In order to satisfy users’ QoS, different packet scheduling algorithms have been developed
for different traffic types. In this paper the performance of PF, MLWDF and EXP/PF algorithms [3][4][5] has been studied.
In the aforementioned algorithms each connection between the user and eNB is assigned a priority, and then, the
connection with the highest priority is scheduled firstly at each scheduling interval.

This paper is organized as follows. Section Il describes the LTE downlink system model. Packet scheduling algorithms are
described in more detail in Section Ill; simulation environment is presented in Section IV. Simulation results are shown in
Section V, and finally Section VI concludes the paper.

[I.  Downlink 3GPP LTE system model

In downlink of the 3GPP LTE system, the minimum unit of resource that is allocated to the user called Resource Block
(RB). The RB is defined in both time and frequency domains. In the frequency domain it comprises 12 consecutive
subcarriers, with the bandwidth of each subcarrier is 15 kHz (i.e. total bandwidth of the RB is 180 KHz), while in the
frequency domain it is made up of one time slot which lasts for 0.5 ms duration. A time slot is 7 OFDM symbols [6].

Packet scheduling and all RRM functionalities are conducted at the eNB. In this study an eNB processing 10 MHz
bandwidth with inter-cell interference is modeled. The process of packet scheduling is conducted every 1 ms interval, or
called Transmission Time Interval (TTI), and each user is allocated two consecutive RBs. In the uplink direction, users
report their instantaneous downlink channel conditions on each RB (i.e. Signal-to-Noise-Ratio, SNR) to the serving eNB at
each TTI. And the reported SNR values are used to determine the downlink data rate of each user in each scheduling
interval (i.e. number of bits per two consecutive RBs) [7].

The proposed method in [8] can be used to calculate the number of bits per symbol for user i at time t at sub-carrier on RB
j {nh:‘ts:j{t]fs;mbu{]. The user’s data rate &r;(t) during scheduling interval can be calculated using Equation (1).
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Where nsymbols /slot is number of symbols per slot, nslots /TTI is the number of slots per TTI and nsc/RE is the
number of sub-carriers per RB. The SNR values and the associated data rate with these values are given in table 1.

Each active user has a buffer at the eNB as a packet container. The arriving packets toward the buffer are time stamped,
and are transmitted to users based on First-in-First-out (FIFO) approach. At each TTI, the packet scheduler (located at the
eNB) determines users priority based on the configured scheduling algorithm. Different algorithms use different scheduling
criteria (e.g. Head-of-Line (HOL) packet delay, service type, channel condition, buffer status, etc.) when making
scheduling decision. Once the user with the highest priority has been selected for transmission one or more resources are
allocated to that user as shown in Fig 1.

Table 1 Instantaneous downlink SNR to data rate mapping

Minimum SNR Modulation and Data Rate
Level (dB) coding (Kbps)
17 QPSK (1/2) 168
37 QPSK (2/3) 224
45 QPSK (3/4) 252
7.2 16 QAM (1/2) 336
95 16 QAM (2/3) 448
10.7 16 QAM (3/4) 504
14.8 64 QAM (2/3) 672
16.1 64 QAM (3/4) 756
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Fig.1 Packet Scheduling Model in the Downlink of the 3GPP LTE System [9]

lll. Packet Scheduling Algorithms

The purpose of the packet scheduling algorithms is to maintain the QoS and fairness demands of each user along with an
effective utilization of the available radio resources [9]. The packet scheduling algorithms to be considered in this paper
were developed for single carrier wireless system, and these algorithms are: Proportional Fair (PF) algorithm, Maximum-
Largest Weighted Delay First (MLWDF) and the Exponential/Proportional Fair (EXP/PF) algorithm.

A. Proportional Fair (PF) Algorithm

The PF algorithm was developed to support the Non Real Time (NRT) service in a Code Division Multiple Access- High
Data Rate (CDMA-HDR) system [2]. It provides trade-off between the total system throughput and fairness among users.
It takes into account both the past data rate and the experienced channel conditions when assigning radio resources. The
PF algorithm allocates resources to the user who maximizes the metric k, defined as the ratio of:

vty

k = arg max - 2)
Where;
R = (1= s Rle- D+t =1) @)

Where ;(t} is the achievable data rate of user i at time t, ;[ £}is the average data rate of user i at time t, .is the size of

the update window; which enables the PF algorithm to maximize the throughput and fairness of each user, and
#;(t — 17=0 if user i is not selected for transmission at time t-1.

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

The M-LWDF was developed to support multiple real-time data users in CDMA-HDR system [10]. The M-LWDF considers
channel variations when allocating radio resources and additionally in case of video traffic it considers time delay, thus, it
is used in case of different QoS user’s requirements. In M-LWDF a user who maximizes the following metric is granted
radio resources:

rilt)

k = arg max a; W; (t) A 4)
Where;
o = — 2288 (5)
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Where W;{ £} is the HOL packet delay of user i at time t (i.e. time difference between current time and arrival time of the
packet), r; (t} is the achievable data rate of user i at time t, H:(t} is the average data rate of user i at time t, T; is the
delay threshold of user i’s packet and &; is the maximum probability for HOL packet delay of user i to exceed the delay
threshold of user i.

C. Exponential/Proportional Fair (EXP/PF) Algorithm

The EXP/PF algorithm was proposed for multimedia applications in the Adaptive Modulation and Coding and Time
Division Multiplexing (AMC/TDM) systems. The EXP/PF algorithm is used if there are different types of services (NRT
service or RT service). The resources are allocated to users based on the following metric:

(50) e e
k=argmaxq - TTvETR SR (6)
LA RCEN ieNRT
M (1Y ALY
Where;
aW(D) = —— Ziear a;W; () M
Ner
wit —1)—& W, > Trmax
we) = { wit—1)+ % Wozr < Tmax ®

WhereM (t]) is the average number of packets at the eNB’s buffer at time t, k and & are constants, Wi,,, is the HOL
packets delay of RT service and Ty iS the maximum delay of RT service users. Finally the EXP/PF algorithm prioritizes
RT traffic users over the NRT traffic users when their HOL delays are approaching the delay deadline.

V. Simulation Environment

In this paper a simulator called LTE-Sim is used to perform the entire simulation [11]. A single cell of 1 km with inter-cell
interference is modeled. There are 50% of users having VolP flows and the rest of them having video traffic. Users are
uniformly distributed within the cell and moving constantly with a speed of 3km/h. The propagation loss model has been
implemented and it includes: path-loss, penetration loss, multi-path loss and shadow fading which are summarized below

[12]:

Path-loss: 128.1 + 37.6log,,(d), where d is the distance between the user and the eNB in km

Penetration loss: 10 dB

Multi-path loss: Jakes model

Shadow fading: log-normal distribution with a mean value and standard deviation of O dB and 10 dB, respectively

The performance of the aforementioned algorithms is judged based on packets throughput, Packet Loss Ratio (PLR),
packet latency (delay), fairness index and cell spectral efficiency. Fairness among users is implemented using Jain’s
method [13]. The entire system simulation parameters are shown in Table 2.
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Table 2 LTE system simulation parameters
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Parameters

Simulation time 100 s
Cell radius 1 km
User speed 3 km/h
VolIP bit rate 8.4 kbps
Video bit rate 242 kbps
Frame structure FDD
Bandwidth 10 MHz
Number of RBs 50
Number of subcarriers 600
Number of subcarriers/RB 12
Subcarrier spacing 15 KHz
Slot duration 0.5ms
TTI 1ms
Number of OFDM 7

symbols/slot

V. Simulation Results

Fig. 2 shows the average throughput per video flow. As the cell is charged with more users; the average throughput per
video flow decreases for all scheduling algorithms. When the number of users exceeds 20, the PF algorithm suffers from a
sharp decrease in the average throughput, while the MLWDF and EXP/PF algorithms show a small decline in the average
throughput per flow. It is shown in Fig. 3 that the PLR of all algorithms is less than 1% when the number of users in the cell
is 20. When the cell is charged with more users, the PLR shows rapid increase in case of the PF and EXP/PF algorithms
with slightly lower growth for MLWDF algorithm. Fig. 4 shows video delay. It is clear that, while the number of users in the
cell is less than 40, all algorithms have similar performance. When the number of users exceeds 40, packet delay of video
flow in case of PF sharply increases and remains constant for the other algorithms. As shown in Fig. 5, the fairness index
of all simulated algorithms is close to 0.5 when the number of users in the cell is less than 30 users. When the number of
users in the cell exceeds 30 users, fairness index in case of PF goes down to 0.35 while in the other algorithms it is
around 0.4. The average throughput per VolP flow is shown in Fig. 6. It is clear that the average throughput per packet for
VolIP flow is same for all scheduling algorithms, and it maintains between 3600 bps and 3450 bps. The PLR of the VoIP
flow is shown in Fig. 7. It is clear that when the number of users in the cell is less than 40 users, there is no considerable
difference in PLR performance between the three algorithms. When the number of users exceeds 40 users, the PF
algorithm shows sharp increase in the PLR value compared to the other algorithms; it has a value of 3% when the number
of users is 80, whereas it has values of 1.5 % and 0.5% for the EXP/PF algorithm and MLWDF algorithm, respectively, at
the same number of users. The packet delay of VoIP flows is shown in Fig.8. As the number of users increases, users
suffer from a longer latency. When there are more than 30 users, packet delay of VoIP flows shows faster growth when
implementing the PF algorithm than that in the case of MLWDF or EXP/PF algorithms. When there are 80 users, packet
delay of VolP flow is 0.25 second, while it is less than 0.05 second when using MLWDF or EXP/PF algorithms. The
fairness index for VoIP flows is almost the same for all simulated algorithms and its values are around 0.5, as shown in
Fig. 9. Finally, Fig. 10 shows the total cell spectral efficiency. Generally the total cell spectral efficiency increases with
increasing number of users up to certain point and tends to maintain after that point.
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VI. Conclusion

This paper investigates the performance of three packet scheduling algorithms; PF algorithm, EXP/PF algorithm and
MLWDF algorithm that were developed for single carrier wireless systems. The performance of these algorithms is tested
from the RT perspectives. Five metrics, namely packet throughput, PLR, packet delay, fairness index and total cell
spectral efficiency are used to evaluate the performance of these algorithms. Simulation results indicated that the MLWDF
algorithm outperform other algorithms in terms of previous metrics when these algorithms are used for RT traffic.
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