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Introduction
* Why LTE (Long-Term Evolution)?
Definition [ 1]

Advantage [2]
Economic growth [3]

Why OPNET’

aking Networks and Ap|

V V V

More simulation features than other simulators
Ability to access with a wide range of available
standards and vendors

» Used by large companies

VvV V



lézw Introduction

* Video Conference

» Video frame inter-arrival rates range from 10 fps
to 30 fps

» Sent bit rate is constant
» Classify the quality of video content by some

factors such as frame inter-arrival rate and pixel
color depth
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ife Scope of the Project

Case l. Single-Base Station

Bandwidth =2E delay (5
Throughput (bps)

Traffic sent/received (bps)

Distance Between Base E2E delay (s)

Station and Destination

Quality of Video E2E dely ()

Throughput (bps
Content ghput (bps)
Traffic sent/received (bps)

E2E delay: End-to-End delay refers to the time taken for a packet to be
transmitted across a network from source to destination

Throughput: the rate of successful message delivery over a communication
channel

Traffic s/r:  the amount and type of traffic on a particular network is sent or
received
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Scope of the Project

Case Il. Multiple-Base Stations

E2E delay (s)

vs. Single Base Station
Throughput (bps)

Traffic sent/received (bps)

Single User vs. Multiple E2E delay (5)
Users Throughput (bps)

E2E delay: End-to-End delay refers to the time taken for a packet to be
transmitted across a network from source to destination

Throughput: the rate of successful message delivery over a communication
channel

Traffic s/r:  the amount and type of traffic on a particular network is sent or
received
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ife Simulation Design
== Case | - Scenario | (Bandwidth)

eNodeB

EPC (Evolved @

Packet Core)
- Multi-
Megabit BW
- Latency
reduction
- Improved
mobility




1@,_ Simulation Design

(LTE Attributes) Attributes

?)| # EPS Bearer Definitions

()

# Efficiency Aftributes

Physical Layer Enabled

O| ® LTE PHY Profiles

)

- Battery Capacity

Case | = Scenario 2 (Distance)

5.0

- Maximum Transmission Power...|0.S

- Modulation and Codlng Sche...

-~ Multipath Channel Model

|Disahled

- Terrain Type (Suburban Fix...

Terrain Type A

- Operating Power |100mwW
()
~Pathloss Model Suburban Fixed (Erceg)

-Shadow Fading

Standard D...

Disable Shadow Fading
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ite Simulation Design
- Case | = Scenario 2 (Distance)

— —_—

(LTE Attributes) Attributes

# EPS Bearer Definitions

()

- Battery Capacity |

5.0

- Maximum Transmission Power...|

0.5

- Modulation and Codlng Sche...

9

- Multipath Channel Model |

Disahled

# Efficiency Afttributes

Physical Layer Enabled

~-Qperating Power

100mW

B

-Pathloss Model

Suburban Fixed (Erceq)

D| ® LTE PHY Profiles

©)

-~ Terrain Type (Suburban Fix...

Terrain Type A

~Shadow Fading Standard D...

Disable Shadow Fading




1@,_ Simulation Design

— —_—

~name
# EPS Bearer Definitions (.)
@ Efficiency Attributes Physical Layer Enabled
@ LTE PHY Profiles (.)

“Case | — Scenario 2 (Distance)

- Bafttery Capacity 5.0
@ - Maximum Transmission Power..|0.5
@] -Modulation and Coding Sche... |3
Q| - Multipath Channel Model |Disabled
- Qperaling Power 100mwW
)
--Pathloss Model Suburban Fixed (Erceg)
@) --Terrain Type (Suburban Fix_.|Terrain Type A
Q| ~-Shadow Fading Standard D...|Disable Shadow Fading
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- Case | = Scenario 2 (Distance)

— —_—

(LTE Attributes) Attributes

# EPS Bearer Definitions

()

D

(D) ® Efficiency Attributes

hysical Layer Enabled

(®)|® LTE PHY Profiles

@

- Bafttery Capacity

5.0

- Maximum Transmission Power... |

0.5

~Modulation and Coding Sche...

- Multipath Channel Model |

Disabled

100mwW

)

- Operaling Power
--Pathloss Model

Suburban Fixed (Erceg)

- Terrain Type (Suburban Fix...

Terrain Type A

- Shadow Fading Standard D...

LTE

s

Disable Shadow Fading
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Quality of Video Content Bandwidth(MHz)

Low 20
Low 10
High 20
High 10




ign

ion Desi

lat

imu

S

Case Il = Scenario |

~
0
c
2
)
(]
&
7))
)
0
[y}
(a1
3
=
=
=
2
»
>
c
=
)
(]
&
(7))
)
0
[y}
(a1
9
00
=
7y
-’

RN - -
e e e e e 0

o e

anananananan nanAnAnAnARADAD

Lte..

HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD

HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD

T T T T T N Tl N N N

N

RN
AT

N

I N I T W N T R

HrananananAnARANARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARAN AR AR AL A DA

nananARARARARARARD

ananARARARARARARNARARNARARARARARARARARARARARARARARARARARARARARARARARARARARARARNARARARARARARARARARAR AR AN AN

I N I T W N T R

HrananananAnARANARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARAN AR AR AL A DA

nananARARARARARARD

T T T T T N Tl N N N

N N N N N N R R e N R )
oo oo oo o

o I

w e o




ign

Desi

ion

lat

le user vs. multiple users)

imu

smg

S

n
c
=
<)
S
)
v
0
)]
©
o0
9
=
=
=
>
N’
~
=
-
<
c
0
O
v
:
0
n
S
O

O W 0O 0,0 W O WO W O 0 O O OO0 e e e YO
o e N
HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD
I I T T T T T T T T
L e s
B I T T T T T
HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD
T T T
R I N N I
L
HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD
T T T
B I T T T T T
HrananananAnARANARANARARARANARARARARARARARARARARARARARARARARARARARARARARARARARARARARARANARARNARARADADAD
T T T
N N N Rl N R I N N N I R
T T T T T N T N T W T T T A I I T I I T I O W O W O N W

Lte..




A

ite Roadmap

* Introduction

* Scope of the Project

* Simulation Design

* Results Analysis

* Conclusions, Challenges, and Future

Work
e References




AL

Ite

Results Analysis

"Case | — Scenario |- E2E delay

B LTE Vol onf-14000€-0ES-1

Bandwidth | E2E delay at }®
(MHz) peak (s) |& /

| .4 ~ 22 N

It Pwagp jn \hino Corfwencrg Puckat [rd-to-bred Dy (e ))
5 ~3.8 : /

« wage i e Corfwncirg Packet End-30-Erd Dty (e}
e Svwage i \Wieo Corfirencrg Packet Erg-to-Ere ety (e )

20 ~0.036 =
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Results Analysis
Case | - Scenarlo | = Throughput

4_000.000 Lye. eieec
= 900,000 -
= 500,000 -
=.700.000 -

sl Average Throughput in LTE in bps
= 55 TR ® 20 MH:

=3 200,000 - _—
=.100.000 - m—

3,000,000 -

2 200,000 -

2S00, 000 - —

2,700,000 - e

2,500,000 | S

2,500,000 - /

= 400,000 -
2300000
= 200, 000 -
=100 000 |
= 000, 000

1200000 5 MHz

1. 100,000

SO0, 000
S00, 000 -
700,000 —

=o0.000- |.4 MHz

400,000 -
S00,.000 —
200,000 -
100, 000
0

S Os Frn O S

Comparing W|th 20MHZ and | 4MHz 20 MHZ has the greatest throughput while
| .4 MHz, the throughput drops dramatically. However, there is not large difference
Between 10 and 20 MHz of the throughput. 19
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Case | = Scenario | —Traffic Received

= 20 MHz :
o] 10 MHz

o 5 MHz | 4 MHz
32/ //

Comparing 20MHz and 10 MHz in traffic received, the traffic received (bps) of 10 MHz
just slightly differs with 20 MHz traffic received (bps).

20



I.@ Results Analysis

" Case | = Scenario 2 - E2E delay

Distance | Average At. th?
m | E2E :
delay (s)

|500 0.071 0.075

|000 0.038 0.050

750 0.035 0.048

500 0.022 0.043

DLTE dscCand - 20000511 000m - 0€3-1
] l&wm
e Erd-1o-Erd

8 & ¥ § 8 B 8 § ¥ § § § & § 5 § § @

Under 20 MHz Condition

Distance at1500 m

Distance at1000 m

-

Distance at 750 m

Distance at 500 m




l@, Results Analysis

" Case | = Scenario 3 — E2E delay
Bandwidth | Quality | E2E i S e

(M HZ) DLTE, Vi Cond - 2000042¢_En#HY_LD-DES-1

ofVideo | delay = sm—
s) & L |0MHz HQ
10 HQ  =~0.0409 ol
& 20MHz HQ
20 HQ  =0.0318 - -
- |0MHz LQ
10 LQ  =0.0275 il K
E 20MHz LQ
20 LQ  =0.0248

T T T v v T v W v v T
O OmXe Imls  InXs 1Oy ;s 0 WX dnl  mde  SnDs  SmXe Gn0s  wde  m0s s  Gnlk  OSndh by s I0e

22
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Results Analysis

Case | =Scenario 3-Throughput (bps)

W s Paie tpies BB T

- (@ Qo g [ pee g ] e (@B B e (D (e oo 0V INENI Y
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Case / —Scnario 3- traffic received

24
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Case lI-Scenario | - E2E Delay

Under 20MHz

Single Base Station

Two Base Stations

25
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Case IlI-Scenario | = Throughput (bps)

Under 20MHz

T N

Single Base Station

Two Base Stations

After about 102 s

26
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Case IlI-Scenario 1-Traffic Received (bps)

Under 20MHz

Single Base Statio/

Around 100,000 bps

=

Two Base Stations

27



l@. Results Analysis

Case lI-Scenario 2—- E2E delay

BT _MnoCond - 00008 305 _ormdvat 081
u;Mu

Multiple
users

Multiple users

E2E =0.0180 =0.0210
delay

(s)
when
stable

Single user
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Results Analysis

CaseII—Scenarlo 2—-Throughput (bps)

Multiple users ( 5,600,000 bps)

Single user (2,800,000 bps)
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The effects of:

Signal bandwidth — more BVV, lower delay and higher throughput
Distance from eNodeB — closer, lower delay and higher throughput
Video quality (load) — lower load, lower delay and higher throughput

Number of users — more users, more BW needed

Understanding of LTE configuration within the new software tool

No previous academic work to be used as a reference
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* Analysis of LTE networks with different
applications

* Using all the LTE and network attributes

 Studying and comparing LTE against another
wireless data technology (WiMAX)
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