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Abstract

Recent years, the demands of wireless
networks in Taiwan grow fast because of users
almost take a cam call or watch video streams on
youtube. How to fulfill most users’ demand under
limited wireless internet resources situation
becomes an important issue. In wireless networks
resource management, the design of schedulers is
the most important part. This paper proposed a
scheduling scheme that meets most users’
demands .This scheme distinguishes whether this
connection is real-time or not and dealing it before
it time out. If a user is located a cell edge, his
demands may be rejected because of avoiding
waste system resource. Besides Starvation and
Fairness problems are also considered. There are
no connections occupy resource for a long time or
connections wait for a long time to be served to
meet QOS(the quality of service).The experiment
results will proof our method is efficiency than
others.
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1. Introduction

With the improvement of mobile phone, People
download Apps and watch stream videos on mobile
phone. The huge data amount transmission depends
on wireless radio resource. Compare with wire
network, wireless radio resource is rare.

According to wireless radio resource is rare, it’s
important to allocation wireless radio resource
efficiently. In this paper, We allocation wireless radio
allocation by users’ requests like email, stream, and
file download. The past research focused on fairness
and throughput until 3G was proposed, Quality of
Service (QoS) started to be concern

In this thesis, we proposed a downlink packet
scheduling focus on the following parameter:

B Channel Quality Indicator(CQI)

B Type of user requests

B Dynamic priority coordinating

B Fairness

The research is expected to achieve the following
goals :

B Guarantee QoS

B Maximize Throughput

B Provide Fairness

2. Related Work

In the current fourth-generation communication
system techniques, including by the 3GPP (Third
Generation  Partnership  Project) research and
development of LTE (Long Tern Evolution) and
WIMAX (Worldwide Interoperability for Microwave
Access), LTE technology can result in the original
base station technology upgrades, system operators
do not have to pay the additional cost of erecting the
relationship between base stations, LTE technology
has made most of the industry's support. With the
release of Releasel0 also has evolved to
LTE-Advanced, making communication transmission
theoretical value can reach 500Mbps uploading and
downloading 1Gbps.LTE-A system consists of
Evolved Packet Core Networks(EPC). And Evolved
Universal Terrestrial Radio Access Network
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(E-UTRAN), composed to handle scheduling the
eNB which is located in the E-UTRAN architecture

shown in Fig.1.
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Fig 1 E-UTRAN architecture

Quality of Service (QoS), from as early as the
IEEE 802.16 standard [1] have been proposed,
according to the needs of different users, providing
different levels of service. In LTE-A, although the
parameters are different, but the concept is similar.
When the system load is high, can be managed
through negotiation that way, as far as possible to
meet most of the needs of QoS, in this section will be
LTE-A, do a brief introduction of QoS.

In LTE-A [2] in the established connection is divided
into two categories, namely, Guaranteed Bit Rate
(GBR), and Non-Guaranteed Bit Rate (non-GBR). In
GBR classes generally require lower latency (Delay)
and packet loss rate (Packet Error Loss Rate), but will
have a higher priority. Shown in Fig.2.

QT Resource type Priority  Packet delay budget  Packet error loss rate  Example services

1 2 100 ms 102

150 ms 103 Conversational video (live streaming)

Real time gaming

300 ms 106 Non-conversational video (buffered streami

2 4

3 3 50 ms 103
a 5

5 1 100 ms 106 M signaling

Video (buffered streaming)
6 6 300 ms 106
sharing, progres:

Non-GBR Vaice
i 7 100 ms 1072 Video (live
Interac

Video (buffered streaming
300 ms 106
sharing, progressive video,

Fig 2 LTE QoS parameter

OS Shin and K. Lee in [3] proposed Round
Robin (RR) algorithm, which features provide the
most complete fairness, which features provide the
most complete fairness, each working in a unit of
time have the same chance of being selected. In
packet scheduling, it does not consider the quality of
the user's channel (channel quality Indicator, CQI),
non-discriminatory provision of services. Although
the benefit is provided between the user absolutely
fair, but because when the user is in poor channel
quality of service, it may lead to resources being
wasted throughput. Shown in Fig.3, although the CQI

TCP-based (e.q., www, e-mail, chat, ftp, p2
ideo, etc)

)
TCP-based (e.g., www, e-mail, chat, ftp, p2
etc)

UEL is better, but the chance of the two is scheduled
to be equal.

UE1 UE2 UE1 UE2 UE1 UE2

Fig 3 RR scheduling
Yujia Wang in [4] proposed Maximum Carrier
Interference (MAX C /1) algorithm concept always
select the best channel quality user has to provide
services, and these users are usually from the base
station closer. If only two users are waiting to be
scheduled, the channel quality will always be a better
user selected poor user almost no chance of being
selected. Thus, the algorithm can get the maximum
throughput, but lost fairness. Therefore algorithms
are often used as the upper limit of measurement
throughput. Shown in Fig.4, UE1 has a good CQI, the
scheduling get a lot of opportunities.

- —

‘ UE1 ‘ UE1 ‘ UE1 ‘ UE1 ‘ UE1

Fig 4 MAX C/I scheduling

Andrews, M. in [5] mentioned Modified
Largest Weighted Delay First (M-LWDF) this
algorithm, it is improved by re-PF algorithm.
Compared to the PF is, M-LWDF the user can
tolerate delay time into account, so that users who
need immediate service can have greater access to
services, although it looks to improve the PF's
shortcomings, but delay is not required for
non-real-time users, but to get the opportunity to

UE1 ‘
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schedule reduced. Ju Yong Lee in [6] proposed a
modified version of the M-LWDF M-LWWEF, the
average rate for a relatively low priority users to
improve and reduce the packet loss rate.

Wenyu Li in [7] Priority update granularity
(PUG) algorithm dynamically calculated for each unit
time by the user density and latency requirements,
redistribution of resources. The paper does not reduce
the throughput to improve the fairness of the premise.

Bin Liu in [8] proposed M-EDF-PF algorithms
to PF fairness and EDF on latency and throughput
fairness requires balance, and in the LTE downlink
system for realtime service with good throughput

3. Robot-Based Deployment Mechanism

QoS-Based Fairness-Aware Downlink
Scheduling, (QFS). LTE-A is based on quality of
service to meet the requirements of the design, build,
when demand will assign a priority number, the
smaller the number the higher the priority behalf. If
demand can’t meet the QoS requirements, QFS will
dynamically adjust its priorities in order to improve
the situation.

QFS possess and maintain fairness guaranteeing QoS
characteristics, in order to achieve this feature paper
presents three directions:
B Provide better QoS.

B Maximize Throughput
B Providing Fairness
Equipments(UEs)

In QFS, using three queues are arranged
according to priority needs, These queues are GBR
queue, Non-GBR queue and Urgent queue. In this
among Urgent queue has the highest priority, when
there is a demand assigned to Urgent queue, the
highest priority are processed. GBR queue has the
second highest priority, if Urgent queue waiting to be
scheduled no demand, QFS will start to demand GBR
queue scheduling. Non-GBR queue then has the
lowest priority in the schedule if QFS finished the
previous two queue only when there is a surplus of
resources for the Non-GBR demand for queue
scheduling. On the demand to establish when, QFS
will be based on demand in the LTE QCI standard
classification to be divided into classes and
Non-GBR GBR class and assigned to the
corresponding queue inside.

In GBR queue, the priority needs of the
judgment is based on their channel quality conditions
(Channel Quality Indicator, CQI) to distinguish
heights, channel quality conditions is provided by the
user's device information to the eNB. CQI is higher,
the better channel conditions, it represents the higher
the priority, QFS according to the priority needs to
allocate resources to the level of demand.

In the Non-GBR queue, the demand is based on
the priority level of CQI values to make judgment on
Urgent queue and queue GBR needs are dealt with,
there are resources in the remaining words, Non-GBR

among User

queue demand the highest priority will be scheduled.
Fig.5 is a schematic classification requirements.
Additionally, a user may simultaneously GBR
and Non-GBR demand, that in order to provide users
with fairness, each user needs only be scheduled
again until the needs of each user are scheduled over
so far. When each user scheduling resources
remaining after the first time there, QFS will continue
to provide a mechanism according to the original
schedule for the second time or more. This is to allow
the user also has CQI low chance of being scheduled,
and will not let the user have better CQI occupy most
of the resources.

Connection
Judging

GBR queue

| Te-o
| )
|

Non-GBR queue

Fig 5 request classification

In GBR queue, if there can not be the next
frame timeout occurs scheduling needs, QFS will
move Urgent queue such demand, so that these needs
in the next frame arrives priority to be scheduled to
reduce the likelihood of timeouts.

If such demand is huge cause insufficient
resources in Urgent queue scheduling all needs, as
such needs to be completed within the specified time,
then the retransmission timeout is meaningless, so are
not scheduled to demand will be discarded (Drop).

As Urgent queue in order to avoid the
occurrence of timeout has its urgency, and therefore
Urgent queue scheduling needs to be included in the
calculation principle of fairness is not being
scheduled times.

In the Non-GBR queues in order to avoid the
occurrence of hunger, all Non-GBR demand has an
additional parameter called Starvation Value, if there
is not a transmission time interval is scheduled to if
this parameter plus one, when this parameter is
greater than a given value, the representative hunger
is about to happen, in order to avoid this phenomenon,
QFS such needs will move GBR queue first, making
such demand GBR queue has the highest priority.
Regardless of its priority transmission time interval
after a few will not be surpassed until the scheduled
date.

QFS will calculate at a transmission time
interval, three queues upper and lower bounds of the
demand for bandwidth and available bandwidth
according to the size of the comparison value, to
determine the three kinds of allocation of resources,
the following definitions of the various parameters of
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this section.

1. Ba”Urgem: In Urgent queue all the needs are most
urgent needs to be scheduled, so all the required
bandwidth requirements are required to be taken into
account.

2. B™"ggRr: In GBR queue, GBR needs to ensure
that every frame needs to be a minimum data transfer

rate to BmmGBR represents a transmission time
interval GBR queue minimum required bandwidth.

3. BmaXGBR: GBR queue represents a transmission
time interval all the required bandwidth.

4. Ba”NGBR: In Non-GBR queue, Non-GBR needs

Il
not guarantee the data transfer rate to B® NGBR
representatives of Non-GBR queue all the necessary
bandwidth.

max max
5. B request: tO B request represents a
transmission time interval of three queues that will

require maximum bandwidth, Bmaxrequest =
Bmax Ball Ball
GBR t NGBR * D Urgent

6. Bmmrequest: tO Bmmrequest repl’esents a
transmission time interval within three queues that
will be the minimum required bandwidth,

min all min
B request = B Urgent + B cer.

QFS allocate bandwidth based on the total
allocated bandwidth to be compared with the size,
can know what kind of situation should be based on
bandwidth allocation.

Bmax
request

Situationd: gavailable
1)

If you meet the formula (1), represents the currently
available bandwidth to meet all needs, in this case,
QFS will be the first in the queue to meet the needs of
Urgent, then all the requirements GBR queue
bandwidth, and finally the Non-GBR queue where all
the requirements of bandwidth. _
Situation2: Bmaxrequest S Bavallable S Bmmrequest
)

If you meet the formula (2) cases, represents the
currently available bandwidth at the maximum and
the minimum required bandwidth being, QFS will
first meet the needs of Urgent queue, then queue to
meet the smallest data GBR guaranteed rate, that is

min .. .
B cgRr, remaining resources will be based on
priority queues continue to meet the needs of GBR.

Situati0n3: Bmmrequest Bavallable
@)

If you meet the three-case represents a heavy burden
on the current system, even the minimum
requirement no way to meet, QFS will first try to
schedule queues in Urgent needs in order to avoid
time-out, if there are any remaining bandwidth can be
allocated , and then try to meet the needs of the
smallest GBR queue information guaranteed rate.
Fig.6 is a flowchart of bandwidth allocation

>

Ve
[ Start

Situation 3

Situation 1 Situation 2

Fig 6 flowchart of bandwidth allocation

4. Simulation and Analysis

We use the LTE simulator[9] to simulate LTE
network environment, and increase the user to
simulate through the metropolitan area increased
burden on the base station, manned by the number in
the system increases, while whether the proposed
method is based on Chapter I1l ensure QoS in latency
and throughput, and to ensure fairness.
Representative both scheduling and other methods,
can know from section 2-3, MAX C/ | can be used as
the limit system throughput, therefore, in addition to
the analog system throughput will MAX C / |
algorithm join comparison. The remaining simulation
are compared with the M-LWDF, because M-LWDF
algorithm is more representative in recent years.

Table 1 simulation parameter

Parameter Value

Carrier frequency 2 GHz

System bandwidth 20 MHZ
SubCarries per RB 12

UE numbers 10,20,30,40,50,60
TTI 1ms

Starvation Value 5(5ms)

GBR data 242 kb/s
Non-GBR data 300 kb/s

Fig.7 and Fig.8 is the throughput simulation
among QPS, M-LWDF and MAX C/I.
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Fig 8 Non-GBR throughput

Can clearly be seen from Fig.7 and Fig.8 of the
proposed algorithm in the QFS GBR throughput
slightly worse than the M-LWDF algorithm, it is
because QFS going timeout to allow users to get the
opportunity to schedule, but this user may be in a bad
channel conditions which led to decreased throughput,
while the Non-GBR throughput also have the same
situation, in order to avoid hunger, resulting in
decreased throughput, but compared with the
M-LWDF not too different .

Fig.9 is the packet delay simulation.

30

N
(92

N
o

=0=QFS
== M-LWDF

Delay(ms)
6 &

0 10 20 30 40 50 60
Number of UEs

Urgent queue, it has a very big opportunity for the
next transmission time interval is scheduled in order
to avoid time-out, therefore, can be delayed rise
compared to M-LWDF come slowly.
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Fig 9 packet delay simulation
Can be observed from Fig.9, when the user more for
a long time, M-LWDF delay rising faster, it is
because M-LWDF on request timeout handling is not
as QFS to instant, QFS found if requested in the next
if a transmission time interval will be scheduled over
the circumstances, this requirement will be moved

Fig 10 packet loss rate simulation
From Figure 10 it can be observed before the
user is less than 30, because the two algorithms are
tolerable packet delay will be taken into account,
therefore, use less, the loss rate can be maintained at
a low, but as Figure 16, QFS requirements can be
reduced due to the timeout rate, so it can also depress
loss rate, while M-LWDF because the processing
time out and did not come immediately QFS,
consequential loss rate is therefore worse than the
QFS.

60

50 =

" /

20 —=4—QFS

10 i == M-LWDF
0 _

0 10 20 30 40 50 60
Number of UEs

Starvation Times

Fig 11 staration times simulation

Can be seen from Figure 11, QFS mechanism
because there Starvation Value mechanism, after five
transmission time interval after it is yet to be
scheduled, will increase its priority, so the
opportunity is scheduled to increase, resulting in less
than 30 before the user does not starvation. In
contrast M-LWDF because of the lack of
non-real-time requirements of fairness, if immediate
substantial increase in demand, the non-real-time
requirements difficult to get the chance to be
scheduled, which led to a substantial increase in the
starvation value

5. Conclusion and Future Work

We proposed QoS-Based Fairness-Aware
Downlink Scheduling, under the framework of
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LTE-A system to dynamically adjust the priority
needs of its various services and access to quality
assurance, to avoid the occurrence of hunger and
provide the fairness among users in the simulation
results, quality of service parameters for LTE, such as
delay and packet loss rate compared to other
algorithms have encountered a good performance.
Uplink and downlink in the network and is
considered to be one, so in future studies will uplink
situation into account, and in smart phones, power
has always been an important issue, if the phone
continue to send and receive data, or at listening
conditions, unable to cope with the current battery
technology, how to sleep in the schedule by adding a
mechanism to lose power but not receiving important
messages, will be the focus of future research.
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