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Introduction

® A lot of internet browsing and video streaming is done
over Long Term Evolution (LTE)

® Users prefer watching videos on their cell phones while
at work and home, or while travelling

®* We analyze the performance of YouTube streaming
over LTE using Riverbed
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Introduction - LTE Technology

® One of the most commonly used and fastest growing
wireless telecommunication technologies

® Used by network operators around the globe for high-
speed communication for smart phones or data
terminals

* Fast downloading rate: 5-12 Megabits/second(Mbps )
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Project Overview

® Scenario Zero — Validation Scenario

® Scenario One - Single base station with one mobile
node and two fixed nodes

® Scenario Two — Two base stations with single mobile
node

® Scenario Three — Three base stations with one then two
mobile nodes

® Aim - Analyze Throughput and Delay for all scenarios
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Project Design - Wireshark
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Source
199.212.24.16
199.212.24.16
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74.125.28.95
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142.231.1.182
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Destination
287.23.168.151
267.23.168.151
199.212.24.16
287.23.168.151
74.125.28.95
74.125.28.95
207.23,168.151

2087.23.168.151
54.243.128.120
267.23.168.151

199.212.24.16

54.243.128.120

«151

142.231.1.182
23.235.47.192
2097.23.168.151
142931 .1.182

Protocol Length Info

TCP 145@ [TCP segment of a reassembled PDU]

HTTP 1876 HTTP/1.1 2@ 0K (text/html)

TCP 54 51664 + B@ [ACK] Seq=288 Ack=2419 Win=65536 Len=8
TCP 6@ 8@ + 65134 [FIN, ACK] Seq=1 Ack=2 Win=344 Len=e
TCP 54 65134 -» 88 [ACK] Seq=2 Ack=2 Win=256 Len=8

TCP 5465134 » 80 [FIN, ACK] Seq=2 Ack=2 Win=256 Len=0

TCP 6088 - 65134 [ACK] Seq=2 Ack=3 Win=344 Len=0

6650 -+ 51511 [FIN, ACK] Seq=6523 Ack=554 Win=27@97 Len=@
5451511 » 8@ [ACK] Seq=554 Ack=6524 Win=62894 Len=@
6080 + 51664 [FIN, ACK] Seq=2419 Ack=288 Win=30336 Len=8

5451664 = B® [ACK] Seq=288 Ack=2420 Win=65536 Len=@

54 51511 - 80 [FIN, ACK] Seg=554 Ack=6524 Win=562894 Len=

54 51664 - [ ACK] Seq=288 Ack=242¢ Win=65536 Len=0

6080 -+ 51664 Seq=2420 Win=0 Len=8

54 65285 + 80 ACK] Seq=2 Ack=1 Win=255 Len=@
TCP 5465136 = 80 [FIN, ACK] Seq=2 Ack=1 Win=256 Len=@
TCP 680 + 65205 [FIN, ACK] Seq=1 Ack=3 Win=961 Len=0
Tce S4A5285 » BA [ACK] Sen=3 Ack=2 Win=255 len=QA

* Wireshark information of playing the video.
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* Pinged 'www.youtube.com’
 Found that the IP address for YouTube is 199.212.24.21

bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32

time=1ms
time=2ms
time=2ms
time=1ms
time=1ms
time=2ms
time=2ms

* Time to live (TTL) for YouTube is 58 seconds
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PrOJect Design - Appllcatlon
(o) Table

|Aﬂum- Walug Attribute |value &
|HTTF Specification [H'I'I'F 1.1 Yideo Existn_anl::e Frobability &ll Pages Include a Video
"Fag& interanival T |uniform (0.05333333553, OGGEOGEEEEEE) F'I_ay Start Time Offset (seconds)  |constant FE)
= Froparis ) Video Length (seconds) le=ponential (3000
e Yideo Type On Demand
__!EEWE' e o L2, Frame Inter-arrival Time (seconds) [exponential (0.1)
(RSVP Parameters EHD“E Frame Size (hytes) poisson (20000)
Type of Service  [Best Effart () Location HTTF Server
| Back-End Custom Application Mot Used
Chject G M HTTP ¥ideo Ohject
Hyper Text Transfer Protocol ject Graup Name de0 Objec
(HTTP) Settings Video Properties
| =
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Project Design - Profile

r (Profile) Attributes x
Type: | Utilitias
| Aftribute | Value 4
= Profile Configuration ] :
- Number of Rows 1
= YouTube1080p
s --Profile Name YouTubel080p
(2) * Applications ()
7) — Operation Mode Serial (Ordered)
2) —Star Time (seconds) uniform (100,1710)
(2 —Duration (seconds) End of Simulation
i ep! )
L2 - Inter-repetition Time {secon... |constant (300)
2 ~Number of Repatitions constant (0) ol
il - Repetition Pattern Serial
| - hostname i

YouTube Profile
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Scenario Zero — Validation Topology
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Project Desigh — Scenario Zero

Topology for Base Station 2

Topology for Base Station 1
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“Simulation Results and Analysis —
Scenario Zero
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oject Design — Topo or
Sceari One, Two, and Three

i

Parent Snet Client Subnet
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Project Design — Mobility

r (Mobility Config) Attributes

Type: | Utilities

| attribute |Value
) --Profile Mame Random Waypoint (Auto Create)_1
) - Mohility Model Random Waypoint
@ Waypoi ()
) Mot Used
) ~%_min (meters) -35,000
)] -4 _min (meters) -30,310.8891 3245
) - %_max (meters) 35,000
)] -y _mar (meters) 40,310.8891 3245
) -speed (meters/seconds) constant (5.000000%
)] -Pause Time (seconds) constant (100}
) - atart Time (seconds) constant (10)
)] - stop Time (seconds) End of Simulation
) - animation Update Freguen... |1.0
)] -Record Trajectary Dizabled
% -hostname
| -role
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Mobility
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Project Design — Server

r

Type: | sarYer

April 17, 2016

(Youtube server) Attributes

| attribute

|Value

= Applications

&pplication: Transaction Maodel ..

(3| = application: Destination Prefere... (.
& L Mumber of Rows 1
= &ll &pplications
] - Application Al Applications
) - Symbolic MName HTTF Server
@ = Actual Name £
& L Mumber of Rows i
(| = aApplication: Supported Profiles |(.)
& L Mumber of Rows 1
= Youtube_Profile
& -Profile Mame voutube_Profile
& - Traffic Type &ll Discrete
@ = Application Delay Tracking  [f.)
@ - Start Time (seconds) Start of Simulation
& -End Time (seconds) End of Simulation
& - Sample Every M Applicat. &l
) - haximum Samples Tracking Disabled
& - Application: Supported Services |Mane
@

)

YouTube Server

ENSC 427 - Performance Analysis of Video Streaming

over LTE using Riverbed

16



e

Project Desigh — Scenario One

Client Subnet
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Project Design — Scenario One

r
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(eNodeB 1) Attributes

Type: | enodeh

| axttribute | value
@ - Address Auta Assigned

B LTE
(@ Admission Control Parameters Default

= PHY

el - antenna Gain (dBi) 15 dBi
el -Battery Capacity Unlimited
el - MIMD Transmission Technigue |Spatial Multiplexing 2 Codewords 2 Layers
) - Maimum Transmission Power..|0.5
el -Mumber of Receive Antennas |2
el -Mumber of Transmit Antennas |2
el ~(Operating Power 10
il -PHY Profile LTE 10 kHz FDD
(@ = Pathloss Parameters (.
el - Pathloss Model Free Space
el - hodel Arguments Mot Applicable
el ~Shadow Fading Disahled
) L.Receiver Sensitivity (dBm) -200dBm
& Buffer Status Report Parameters | Default

Base Station Attributes
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Project Desigh — Scenario One

T

Edit Trajectory Information

Trajectory name: | Rk _tes

# Pos (m) Y Pos () Distance (rm)| Altitude| Traverse | Ground | &scent| Wait| &ccum Pitch Yaw (degrees) Roll (degrees) /|
(m) Time Speed Rate | Time Time (degrees)
(mfsec)
1 0.000000 0.000000 hi'a, n hi'al hi'a, hi'a, 1] 00.00s| Autocomputed| Autocomputed| Autocomputed
2| -25,432.242118|-43,421.005657| 54,642 0637 0f 15m00.00s) 135.8121 1] 0 15m00.00s| Autocomputed| Autocomputed| Autocomputed
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Mobile Node Trajectory
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“Simulation Results and Analysis —
Scenario One
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Project Design — Scenario Two

Client Subnet with Two Base Stations and a Mobile Node
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Project Design — Scenario Two

r (eNodeB 1) Attributes S

Type: | enodeb

(eNodeB 2) Attributes

Type:|enndeh

| attribute | Walue
= PHY

)] - Aintenna Gain (dBi) 15 dBi
) - Battery Capacity Unlimited
] - MIMO Transmission Technigue |Spatial Multiplexing 2 Codewards ..
) - Maximum Transmission Power...|0.5
% - Mumber of Receive Antennas |2
& -Mumber of Transmit &ntennas |2
] - Operating Power 10
] - PHY Profile LTE 5 kHz FDD
& i-Receiver Sensitivity (dBm) -200dEm
& Buffer Status Report Parameters  |Default

|
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Base Stations Attributes
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| Attribute |value
)] - Antenna Gain (dBiQ) 15 dBi
] - Battery Capacity Unlimited
] - WMD) Transmission Technigue |Spatial Multiplexing 2 Codewaords ...
] - baximum Transmission Fower.. (0.5
)] - Mumber of Receive Antennas |2
F - Mumber of Transmit &ntennas |2
] - Operating Power 10
@ - PHY Profile LTE 10 kHz FDD
4] Pathloss Parameters Free Space
] L. Receiver Sensitivity (dBm) -200dBm
2 Euffer Status Report Parameters  |Default
@ m CQl Transmission Parameters Crefault
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“Simulation Results and Analysis —

Scenario Two
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Project Dsig Three

Client Subnet with Three Base Stations and Two Mobile Nodes
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Project Design — Scenario Three
W (eNodeByamributes <[

Type: | enodeh

(eNodeB_2) Attributes

Type: | enodeb

| attribute |Value
= PHY

€2 - Ahtenna Gain (dBi) 15 dBi
€2 - Battery Capacity Unlimited
€2 - MO Transmission Technigque [Spatial Multiplexing 2 Codevwords ..
) - Maximum Transmission Power...|0.5
€2 ~-Mumber of Receive Antennas |2
€2 -Mumber of Transmit Antennas |2
) - Cperating Power 10
) -PHY Profile LTE 5 MHz FOD
e« (.
) i~Receiver Sensitivity (dBm) -200dEm
el Buffer Status Report Parameters  |Default

| =

April 17, 2016

Base Stations Attributes
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| attribute |Walue
i - Antenna Gain (dBi) 15 dBi
i - Battery Capacity Unlimited
i -MIMO Transmission Technigue | Spatial Multiplexing 2 Codewords .
& - Maximum Transmission Power...|0.5
i -Mumber of Receive antennas |2
i -Mumber of Transmit Antennas |2
i - Operating Power 10
] -PHY Profile LTE 10 MHz FDD
@ Pathloss Parameters Free Space
i L.Receiver Sensitivity (dBm) -200dBm
@ Buffer Status Report Parameters  |Default
| m CGQlI Transmission Parameters Crefault
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Project Design — Scenario Three

r

Trajectory name: | RE_test

Edit Trajectory Information

¥ Pos (m) % Pos (m) Distance (m) | Altitude| Traverse | Ground | Ascent) Wait| Accum Pitch Yaw (degrees) Roll (degrees)
)] Time Speed | Rate |Time|  Time (degrees)
(misec)
1 0.000000 0.000000 n{a, 0 n#a, néa, né'a, 1] 00.00s| Autocomputed| Autocomputed| Autocomputed
£|-184,671.759327(-94,624. 32777 3| 206,287.0604 0] 15m00.005| 512.7233 1] 0 15m00.00s| Autocomputed) Autocomputed| Autocomputed

April 17, 2016

Mobile Node Trajectories
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mulation Results and Analysis —
Scenario Three
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Throughput of Two Mobile Nodes
Traversing Three Base Stations

ENSC 427 - Performance Analysis of Video Streaming

over LTE using Riverbed

27




8 addder of Group2 _projectR3 -scenario_more- DES-1: Wireless Submet_1 Mobile_node_1 LTE Delay Group2_projectR3-scenario_more-DES-1: Wireless Subret_1 Mabile_node_1 LTE.Delay {seeinone

B Obiect: Moble_foce_1 of Wirelss ubnet_|

nnnnn
zzzzz
‘0022
0.020
oot
0016-
0014
ooz
o010
000 g\/
0.008-
0.004-
0002
0000
B bect: Moble_noce_2 of Weless Subret_1
eeeeeeeeeeeeeeeeeeeeeeeeeeee
0230
0028
002
0220
0s22
0220
oot

Delay of Single Mobile Node Traversing Delay of Two Mobile Nodes Traversing
Three Base Stations Three Base Stations

ENSC 427 - Performance Analysis of Video Streaming
28

April 17, 2016 over LTE using Riverbed



Summary

® Better to start with the basic topology and build on
top of it

® Mostly consistent with our expectation of results

®* How using mobile nodes with different base stations
gave us a better understanding of how the signal
handover works and how results vary with distance
from the base stations
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Questions
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