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Motivation

= Share of video streaming traffic — Increasing
= WIMAX — Wireless Broadband Standard

= Our Aim — To evaluate the performance of WiMAX
Networks with Mobility
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{North America, Mobile Access)
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Ref: “Global Internet Phenomena Report.” [online] [Accessed: 20 Mar 2014]
Apri| 7, 2014 https://www.sandvine.com/downloads/general/global-internet-phenomena/2013/sandvine-global-internet-phenomena-

report-1h-2013.pdf, Sandvine, pg 8, 2013.
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i WIMAX - Introduction

= Worldwide Interoperability for Microwave Access
= Wireless Broadband Standard
= Based on IEEE 802.16 standard
= Started in 1999 : as an alternative to DSL
= 2005: Landmark Year
« Standard 802.16e released
= Mobility was introduced
= Evolved into 4G technology
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* WIMAX System

WIMAX tower

HOW WiMAX WORKS . _
= Range — 7 to 10 kms Radius
INEF!NEI’
BACKBOMNE
= WIMAX Backhaul
B s . .
£ = WIMAX Receiver
T = Can be small box

= In-built in the mobile device

LINE OF SIGHT
TRANSMISSION

Ref: M. Brain and E. Grabianowski. "How WiMAX works,"
http://computer.howstuffworks.com/wimax1.html [Accessed: 22 Mar. 2014], December 2004
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i WIMAX Features

= Frequency : 2 — 66 GHz

= Higher Frequencies

Affected by Rain
Lower data rates at higher mobility
Signal attenuation is higher

= High Data Rates : 75 Mbps

= Data Rates v/s Distance Trade-off
= Use of adaptive modulation

= Strong QOS Mechanism
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Video Streaming

Client/Receiver
. X Ve Media .
Streaming Server \ndeow Syncheouization 6::3»& )
_
Storage Device
Video | . Application-layer
] Compression Compressed Application-layer .
| Raw Video Video QoS Control QoS f onol
Audio C " f
: “ompresse: RN N
|Raw Audio Comprevion Audio [ - Transport
— [ransport Protocols
Protocols

///J -
Internet _\
(Continuous media distribution services)
K - e
— — ———-'-—-“--.

3
/

= Client Request Video

= Server Responds
= Compression and corresponding Decompression techniques
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Related Work

= W. Hrudey and Lj. Trajkovic, “"Streaming video content over
IEEE 802.16/WiMAX broadband access,” OPNETWORK,
Washington, DC, Aug. 2008.Higher Frequencies

= Mobility not considered

« W. Hrudey and Lj. Trajkovic, “"Mobile WiMAX MAC and PHY
layer optimization for IPTV,” Mathematical and Computer
Modelling, Elsevier, vol. 53, pp. 2119-2135, Mar. 2011

= Concentrated on Mobile Hand-off among various BS

=« R. Gill, T. Farah, and Lj. Trajkovic, "Comparison of WiMAX
and ADSL performance when streaming audio and video
content," OPNETWORK 2011, Washington, DC, Aug. 2011.

= Mobility not considered
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i Simulation Design

= OPNET Modeler version 16.0 has been used

= Four metrics are used to measure the performance
between the server and the client

= Packet Loss
Avg: <103 Ideal: < 10
= End-to-end Delay
Avg: < 300 ms Ideal: < 10 ms

= Jitter
Avg: < 60 ms Ideal: < 20 ms

= Throughput
Satisfactory range: 10 kbps — 5 Mbps
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i Network Design Parameters

WIMAX Deployment Parameters

Scheduling Algorithm Best effort (BE)

Downlink / Uplink 3.0 Mbps / 0.640 Mbps

Transmission Power (BS/SS) 3.8W / 2W

PHY profile Wireless OFDMA 20 MHz

Pathloss model Flat terrain with light tree
densities

Antenna Gain (BS/SS) 15 dBi / 14 dBi

April 7, 2014 13



i Roadmap

= OPNET model

April 7, 2014

14



Network Topology

= Video Server in Toronto
= WIMAX Base station and clients in Vancouver
= Both subnets are about 3,340 km far
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Server Subnet Topology

s Server streams audio and
video content

= Server is protected by the
firewall

= Access router connects
the server to the Internet
cloud via a 45 Mbps
Digital Signal (DS3) wide
area network (WAN) link
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Client Subnet Topology (Linear)

Two fixed WIMAX clients
and one mobile client
moving linearly away from
the base station at a
steady speed of 5 km/hr

One WIMAX base station

Fixed client stations
located at 2km and 6km

Mobile station moves from
2km to 6km.
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Client Subnet Topology (Circular)

Two fixed WIMAX clients
and one mobile client
moving in a circular
fashion at a distance of
2km from base station

One WIMAX base station

Fixed client stations
located at 2km and 6km

Mobile station moves at
5km/hr
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Validation

® e % WiMAX_net-MPEC4 WiMAX linear_path-DES-1... %| WiMAX_net-MPEG4 WiMAX-DES-1: FS5_2km o... B 0 0O x| WIMAX_net-MPEC4 WiMAX circular_path-DES...
04 average (in Wideo Conferencing. Traffic Received {packetsfsec)) a0 average (in Yideo Conferencing. Traffic Received (packetsfzec)) 0 awverage (in Wideo Conferencing. Traffic Received (packetsizec))
25 25 25
20 20 20
15 159 15
10 10+ 10
5 5+ g
0 0 . 0
o 10 20 30 40 =0 Orpi 10 20 30 40 50 0 10 20 30 40 50

Linear Mobile Reference Circular Mobile
Node Model Model Node Model

= Comparing one of the global statistics (Traffic received) for all three cases
shows that the model runs similar to the reference model.
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Validation

2 ™ ) || average (in Video Conferencing.Packet Delay...
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O “WitdasE_net—MPEGH YWikdaR-DES -1

average (in Wideo Conferencing . Facket Delay “Yariation)

0.090
0050
0.070
BLUE : FSS_2KM
A RED :FSS_6KM
0.050- GREEN : LINEAR MOBILE NODE
— CYAN : CIRCULAR MOBILE NODE
%\ J
W, 0030
(O}
e 0020
= —
0.010
0.000
arnie 1 I:lll'nin Elilll'nin 3I:I|I'nir'| 4I:I|I'nir'| S0

Simulation time  ————————

= Average Jitter for all 4 nodes shows that they are similar and almost about
the same value.
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Packet Loss

| O O %] WIiMAX PHY.Downlink Packets Dropped (packets/sec)

B Ohject: FSS5_2km of Client_subnet
WikdAx_net—MPEGHE WikiAE linear_path—-DES -1
Traffic Scaling Factor = 1.0

B Object: FSS5_Bkm of Client_subnet
“WikdAs_net—MFEGH "Wikdas linear_path—-DES—1
Traffic Scaling Factor = 1.0

O Object: away of Client_subnet
WikdAx_net—MPEGHE WikiAE linear_path—-DES -1
Traffic Scaling Factor = 1.0

O Object: circular of Client_subnet
WikdAE_net—MPEGH "Wikda s circular_path—-DES—1
Traffic Scaling Factor = 1.0

WikdAH PHY . Downlink Packets Dropped (packetsifsec)

ss1 BLUE @ FSS_2KM

1 RED : FSS_6KM

| GREEN : LINEAR MOBILE NODE
.s{ CYAN : CIRCULAR MOBILE NODE

# of packets

Simulation time  ———
= FSS-2KM and Circular Mobile Node : Negligible Packet Loss
s Linear Mobile Node : Packets Loss Increases as Distance Increases

= FSS 6Km : Consistent Packet Loss Throughout Simulation
= Reason: Can be explained using SNR ( next slide)
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Signal-to-Noise Ratio (Average)

# of packets

;| = ™ | awerage (in WiMAX PHY.Downlink SMR (dB))

B Obiject: FSS_2km of Client_subnet

Wik net—MMFEGH YWiklaE linear_path—-DES—1
B Object: FS5_6Kkm of Client_subnet

Wik et —MFPEGS YWikaE linear_path—DES—1
O Object: away of Client_subnet

Wikds s et —MPEGH YWiklAE linear _path—DES—1

O Okiect: circular of Client_subnet
WikdsE_ et —MPEGH "YWikdA K circular_path—-DES —1 BLUE - FSS 2KM
[
average N Wikdax PHY. Downlink SHE (dBE 3 -

S RED : FSS_6KM
= GREEN : LINEAR MOBILE NODE
sl CYAN : CIRCULAR MOBILE NODE

T T T T T T T T T
Orniry Smirt 1 0miry 1Smin 20rmity 25mity S0rmiry 35mity 40rniny ASmity SO

Simulation time —

FSS 2KM and Circular Mobile Node have healthy SNR
= Thus, packet Dropped is low.
SNR of linear node decrease as distance increases
SNR of FSS_6KM is lower than required.
= Thus, consistent packet loss throughout the simulation
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Packet Loss (Average)

®B80 | average (in Video Conferencing.Traffic Received (packets/sec))
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1111111111 20min 25min 30rnin 35min 40min
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= Both mobile nodes meet the performance criteria

s Packet loss increases as linear mobile node moves
away from the base station

April 7, 2014 24



End to End Packet Delay

rage (in Video Conferencing.Packet End-to-End Delay (sec))

M Object: FS5_2km of Client_subnet
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GREEN : LINEAR MOBILE NODE Avg: < 300 ms
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Ideal: < 10 ms

TiME (SEC)  m—

000+
T T T T T T T T T
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Simulation tiMe  ee—————

= End-to-end delay for all clients over the simulation of 48
minutes shows that mobile nodes are well within the
acceptable range.
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Delay Jitter

%\ average (in Video Conferencing.Packet Delay Variation)

BLUE : FSS_2KM

RED : FSS_6KM Avg: < 60 ms
GREEN : LINEAR MOBILE NODE
CYAN : CIRCULAR MOBILE NODE

Ideal: < 20 ms

TiME (SEC) m—

35min 40min 45min

10rmin 15min 20min 25min 30miry

Simulation tiMe  ee—————

= There is no particular node that performs better. Hence,
results are as expected and satisfactory.
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Throughput

# Of DyleS e—

[%] average (in Video Conferencing.Traffic Received (bytes/sec))

BLUE :FSS_2KM
RED : FSS_6KM
GREEN : LINEAR MOBILE NODE

CYAN : CIRCULAR MOBILE NODE

10miry 15mir 25mir 30mir 35mir 40min

Simulation tiMe ————

Acceptable range
10 kbps — 5 Mbps

= 2 km station displays much better throughput than the

rest
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Overview of Analysis

LINEAR MOBILE CIRCULAR
FIXED MOBILE FIXED MOBILE NODE MOVING MOBILE
NODE NODE FROM NODE AT
AT 2KM AT 6KM 2KM TO 6KM 2KM
LEAST VARIES AS BELOW | LEAST PACKET
PACKET HIGHEST LOSS AND
PACKET LOSS LOSS AND PACKET X SIMILAR TO
SIMILAR TO LOSS FIXED MOBILE
CIRCULAR NODE AT 2KM
DELAY > 300 ms
JITTER < 60 ms
VARIES AS BELOW
THROUGHPUT HIGHEST LEAST 2nd HIGHEST
THROUGHPUT THROUGHPUT 1 THROUGHPUT
BLUE RED GREEN CYAN
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Conclusions

= Extensive simulations of WIMAX wireless networks
under different scenarios have been conducted and
finally reached on the scenario discussed in this
presentation

= Simulation time: 96 mins / Actual time: 30 mins

= WIMAX mobility passes the minimum acceptable range
for various parameters

= Distance does play a role in performance output

April 7, 2014
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Challenges and Future Work

= Challenges:
= Disk Quota Exceeded
= Reference model working issue
=« Implementing mobile nodes in the current subnet
= Defining circular trajectory

= Future Work:
« Include random trajectories
= Test the effect of speed on performance
= Incorporate other applications like HTTP, email, etc

= Test performance of mobile nodes for various buffer
sizes
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Different trajectories tested (1)

800 [\ Project: WiMAX_net Scenario: MPEG4 WiMAX linear_path [Subnet: top.Client_subnet

[INCEER

neHaliEmelasE g

= To test if the results are the same If a different trajectory
with the same attributes as of the linear scenario are
Implemented.
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Different trajectories tested (2)

8006 N/ Project: WIMAX_net Scenario: MPEG4 WIMAX linear_path [Subnet: top.Client_subnet]
File Edit View Scenarios Topology Trafic Services Protocols DES  Windows

ABHANRI2LEEA

= Testing linear trajectory from tip of green circle to tip of
orange circle. Realized later on that 2km from the base
station is not at tip of circle instead a little inside.
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Different trajectories tested (3)

= We also tried to test the node moving from 6km to 2km
I.e moving towards the base station. However, this
scenario did not provide meaning to our project goal.

April 7, 2014
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Different trajectories tested (4)

8086

= Implementing random trajectory using built-in tools where the
node moves out of the circle for some time and comes back
In. Again this scenario had no purpose in our final goal
although it was meaningful at the start of the project.
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Different trajectories tested (5)

= Using the same random trajectory again but this time the
node is at 2km.
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Different trajectories tested (6)

m %] Project: WiMAX_net Scenario: MPEG4 WiMAX linear_path [Subnet: top.Client_subne
Eils Edit Yiew Soenar ology Traffic Services Profocols DES Windows

t_ﬂﬁéﬂﬁ Sl walal2EE U

= Implementing a random trajectory which would be much more
realistic for a user that moves around in the range of the
current base station.
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Original Reference Model

X
S

= We removed the ADSL network completely and also the 4km
node as it was not giving any meaning to our project goal.
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Reference Model working issue

O

MPEG4 WIMAX ADSL 128KB buffer 2hr_RECOVERED [Subnet: top]

% Project: WIMAX_net Sc

= As soon as you try to open the reference model in OPNET,
you will get the above error and after clicking OK, it will show
you an empty map.
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Reference Model working fix

0.00 [X| Project: WiMAX_net Scenario: MPEG4 WiMAX [Subnet: top.Client_subnet]
ology Teafle Services Brofocols LSS indows el

Mext Scenario Cirl+Down .
|Switch To Scenario | MPEG4 ADSL Citl+1)
£ W?ﬂ@ﬁh&}ﬂf - .{-Vﬂmgan_{mmﬁg-aqu g"ﬁ,‘ir ;ﬂnigsig;srg:‘e’: the following
B N O odiue) 16-0an 34
| - Backgraund Traffic Only with Growth B . i i
| 2 Walidation_Incoming WikdAx %C:il’f‘ﬁ s T 193
|[® MPEGA witnax g aiziue) Loo0al
- Valiaion_ouw ng;w;max o)
on! tion

scxib Carrier-Rocess-Router.

= The trick is, only a few scenarios work in the model. For our
purpose, we switched scenario to MPEG4 WIMAX and built
our model from there after duplicating the scenario.
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