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ABSTRACT

Video on-demand (VoD) services and applicationsehbgcome popular in wireless
networks. VoD refers to requesting video whichsiered on remote media servers.
Many commercial products (e.g. PPLive and PPStream)developed to support VoD
applications. Two popular approaches in VoD areamer-to-peer (P2P) and client-
server models. In a network (WAN, LAN, WWAN, or WA when a client initiates a

video request, it can stream the video from the@essron the network or from peer
clients. Many networks use P2P technology to imerthe VoDperformance. In P2P

models, users store watched videos in their owal lstorages and can distribute them
through the network to other peers when other us@arg to watch the same video. In

this manner clients can download video from sudatdighbors.

There are two ways for accessing a video streajnoar wired networks, (b) over
wireless networks. Video on-demand streaming has beplied in wired networks with
success. However, it remains a challenging taskiialess networks due to bandwidth
problems and the effect of wireless interferencg @rent mobility. This study aims at
improving VoD performance in wireless networks lshea multicasting and patching in
clients. The simulation results show that the satgge methods improve VoD

performance.

Keywords: Video on demand, Wireless networks, Cellular neksoFrequency band,

and Buffer management



Oz

Video on-demand (VoD) hizmetleri ve uygulamalarblksuz glarda popduler olarak
kullaniimaktadir. VoD uzaktan medya sunuculari iimr depolanan bir videoyu talep
etmek anlamina gelir. VoD alaninda iki poptler ygikh peer-to-peer (P2P) ve istemci-
sunucu modelleridir. WAN,LAN,WWAN,veya WLAN tirt biagda bir istemci bir
video talep etfiinde, ilgili videonun bolumlerini uzak sunuculardegya “kongulardan”
indirebilir. P2P modelinde kullanicilar izlediklexiideolari kendi yerel bellekerinde
tutarak, ayni @ icinde baka istemcilerden gelecek istekleri cevaplamak Uzenaeye
girebilirler. Boylece bir istemci , izlemek istgdivideonun bolumlerini “ korsusundan®

indirebilir.

Bir videoyu kablolu veya kablosuzglardan indirmek mamkindir. Kablolglar igin bu
konuda yeterli ¢cagma yapilmgtir. Ancak, kablosuz @arda bglanti hizi, kullanicinin
hareketlilgi ve girisini sorunlari nedeniyle etkin video transferi halénemli bir
aratirma konusudur. Bu camada, kablosuz géarda video transfer performansini
arttirmak icin coklu iletim (multicasting) ve yamata (patching) yéntemleri énerilgni
ve modellenerek similasyonu gercgkl@mistir. Bulunan sonuclar, 0©nerilen

yontemlerin performansi arttirabifgini gostermektedir.

Anahtar Kelimeler: Talep edilen video, Kablosuzglar, Hiicresel glar, Frekans bandi

ve Tampon bellek yonetimi.
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PREFACE

In the middle of the journey of our life | camertyself within a dark wood where the

straight way was lost.

You shall find out how salt is the taste of anotimam's bread, and how hard is the way

up and down another man's stairs.

“Dante Alighieri”
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Chapter 1

INTRODUCTION

Video on demand (VoD) is a multimedia system wtedlables clients to access and
play video from remote media server through wiredwareless networks. VoD
systems can be categorized into two main approacf@®s client/server and
(b) peer-to-peer. In the client/server technigbe, tideo files are stored at multiple
servers. Each client independently connects tostrger and plays the requested
video from the server. Although the client/serveodal is the simplest, with
increasing number of clients, bottleneck (or I/Ojolgems reduce server
performance. Peer-to-peer (P2P) as a decentradizddnulti point communication
technique reduces server loads and tries to awtitetheck problems on the server

side by saving severs bandwidth.

Internet bandwidth is mainly allocated to threevem®s: data, voice, and video. As
the numbers of multimedia applications grow, wedhe®re bandwidth and storage
area to support different users’ services. Mobidera like to access multimedia
anywhere, anytime. Due to user mobility, there nayroblem in channel allocation

in wireless cellular networks. A wireless cellu@mmunication system should be
able to provide continuous service when a userasimg from one cell to another

(hand off/ hand over) [1]. Under this condition, weed channel reservation that

includes process of changing frequency, time slod, etc.



The simplest approach to stream media data to emtcis to create a unicast
connection from the server to each requesting usbere the media server is
situated behind the Base Station (BS). The BS imaisel memory and it cannot
work as a proxy server. In this case, we need iddal free channels for each user’'s
communication. Communication between Mobile Sta{ipts) and BS is started if
there is a free channel, otherwise MS must be meaiintil channel allocation. When
a new user arrives in cell coverage area, a redaeshedia file is sent to BS. For
avoiding the bottleneck in the media server, foétall, BS will be looking for
requested media in other MS’s in its coverage akgaeer-to-peer (P2P) connection
can be established between two MSs through thd¢ 8®re is at least one MS which
has the media file. Otherwise, BS sends new usegsest to the media server and
gets the media file. Unfortunately, this approach quickly consume all available
bandwidth of the downlink communication when mu#ipsers concurrently request

the media services. Also there are some other gmablin this approach including:

v Bottleneck problem in media server- too many regdesnm clients lead
media server to bottleneck or 1/0 problems.

v' Caching problem- Mobile devices have limited memsire for caching

v Distance problem- It is impossible P2P communicatiothout BS, because
two peers may be far away each other

v Free channel problem- MS-BS and P2P communicasioi possible in lack
of BS free channel

v' The MS with the resource may leave the coverage are



Although recently mobile devices come with more rogyrsize which can be used
for caching media streams, cannel allocation it &tbig problem. Multicast as a
stream sharing mechanism can improve the frequespectrum utilization of

wireless communication in multipoint services.

Resource consumption management is the main aenM@D system. In particular,
our proposed architecture tries to improve theofeihg:

v/ Start-up latency- The time between issuing the esgjtor playback, and the
start of the playback. If the waiting time is almhasro, the system delivers
true VoD. If the waiting time is significant but aiter than the length of the
video, the system delivers near true VoD [2, 3].

v Server and core network traffic- Improving senaad and network traffic by
limiting the number of unicast communication.

v Buffer content management- Providing new algoritlimsrder to improving

video locality.

In our approach (multi-channel/multicast techniqu#é)e downlink bandwidth

(server-to-client) is bigger than uplink bandwidtiient-to-server) side. Therefore
uplink bandwidth is more expensive. A wirelessuall network covers a wide area,
but the limited bandwidth causes unicast commuitioab be costly. On the other
hand, WLAN supports a small coverage area, buastinore bandwidth and is also
cheaper than cellular networks. The aim of our agghn is minimizing individual

unicast connections to the media server. Cachisgesy at the client side improves
data access latency. Due to limited bandwidth, ee@nt can forward cached
segment to one client at the same time. The sendiagt switch to active mode

during cache forwarding and stays in this model gatthe forwarding is finished.



All former Periodic Broadcasting techniques try neduce service latency and
minimize resource requirements by reducing the ramolh unicast requests and all
of the techniques focus on the server side. Althaungtalling Proxy Server (PS) on
BS reduces server load and service latency, ithvalle high cost. We set up a few
proxy servers in Base Station Control (BSC) areacdllular networks all BSC’s

know the network topology. This does not increasevork complexity and is more

cost effective. BSC’s are located at a fixed positand have high percentage of

resources such as memory, computing power, anerpdite.

To observe the efficiency improvement, we simulated approach using OpNet
simulator. According the simulation results, muweliannel/ multicast technique
improve start up latency and increase speed upticBwg the client between
multicast channels has an overhead but it decretwesighput. Furthermore,
switching among too many channels is not possibl@ractice. Therefore, multi-
channel/ multicast approach has better efficienbgmnumber of channels is limited

to two or three.



Chapter 2

RELATED WORK AND WIRELESS NETWORKS
ARCHITECTURE

2.1 Related Works

Providing on-demand services to a large numbefiefts in‘“real time” imposes a
high resource requirement on the underlying netwamki server [4]. Therefore,
traditional client/server architecture cannot pdava scalable solution, as it requires
a dedicated communication channel per user. Vobesercan be arranged as a
centralized, distributed, and proxy or content\d&ly network (CDN) architecture
[4, 5]. Although there is a good background of nnuéidia services in wired
networks [6, 7], there is less research reportednattimedia services in wireless

networks.

In Cacheand-Relayapproach, peers cache downloaded video in themonge ready

to relay the stored video to other peers in futleading to asynchronous P2P video
sharing [8]. Proxy caching improves startup lateaoyl network traffic, but it is
costly. VoD eliminates the need for proxy serveaarentralized coordinator, and it
improves performance by both multithreading and{p@geer cooperation based on
the locality principle [6]. Therefore, service piders believe that VoD service will
become a factor in finding establishing new sulbgrs, and they are developing cost
effective solutions to provide VoD service [9]. Péic broadcast technique avoids

the client/server bottleneck problem (e.g. I/Orage, and network bottleneck) and it



is suitable for transmitting popular videos to eg&anumber of clients in a short
period of time, while client/server and P2P teche are better suitable for non-
popular videos or for videos requested by a snti@ihtpopulation [10].

Previous research [6, 7, 9 - 16] in VoD in wireddanireless networks improve

system performance using different methods such as:

v’ using proxy server,

v’ using multi-path and multi-source

v broadcasting protocol for video on demand

v' batching client request in the server through roatiing

v VoD streaming system in hybrid wireless mobile pmepeer networks

2.1.1 Proxy Server
A VoD system includes several servers and diseitbutlients over the entire
wired/wireless network. It is possible to reducéwmek traffic by installing a proxy
server between the media servers and the clieokyPervers cache popular video
streams and attempt to improve the performancewiork by:

v’ reducing the server load,

v reducing server latency,

v reducing network traffic,

v increasing QoS and

v Increasing quality of experience (QoE)- quality efhsense by end user.

However, proxy server increases network cost amaptexity. The problem of the
need for frequently updating the Proxy server aanie another disadvantage.
Algorithms like the least frequently used (LFU) madrk well for continuous video

streams. Finally, according to Internet/ networkun@ proxy server has to have



enough flexibility to support clients with a difesrt quality. Elimination of the proxy
server or centralized coordinator is one of themraasons for using peer-to-peer
systems. Also, using a proxy server may need é&erdware and software and hence

may increase the total system cost.

2.1.2 Periodic Broadcasting Techniques

In the periodic broadcast (PB) VoD technique, aewids first partitioned into a

number of segments [12]. Then, each segment issnridied over a separate
broadcast channel periodically. Clients receive ide@ by switching between

channels at a time to download the data. Broadapproach can use system
resources more efficiently than P2P, while multipbpies of a program (NVoD) are
broadcast at short time intervals (e.g. 10—20 resjufl7]. In order to support VoD

services, we consider a hybrid approach (by mergmgdticasting, proxy server, and

buffer management).

2.1.2.1 Staggered Broadcasting

Staggered broadcasting (SB) is the simplest br&didgaprotocol [10, 12, and 18].
In this approach, a video is partitioned into k @egize segments {ss ... , &}
which are repeatedly broadcasted over k channiétsarmransmission rate equal to
the communication rate. If the total video timéVisthe duration of each segment is
s =V/ k. Consider a video, which is divided intcségments (broadcasting over 5
channels). If the total video time is equal 30 selsp the maximum start up delay in

worst case is V/k=30/5=6 seconds.

Unfortunately, SB technique has high start-up leyetf during the broadcasting of
segment 1 (3, a new client arrives in the wireless coveraggmand requests this

video, s/he has missed broadcasted packets tlaigotd s. So s/he must wait until



the next broadcast of this segment [10]. Figurbustrates this approach. If a client
requests segmenad time § + s +A (0 <A < s), it must wait until timet+ 2s to start

downloading segment s1. Hence, the service delay-is In the worst case, service

delay is s.
Channel 1 |Seg_1 | 2 | 3 ‘ 4 ‘ --------- ‘ K |Seg 1 | 2 ‘ .........
Channel 2 I K | Seg. 1 | 2 I 3 I <<<<<<<<< I K-1 K I Seg. 1 I .........
Channel 3 ’ K-1 | K |Seg_1 ‘ 2 ‘ --------- ‘ K2 | KA | K ‘ _________
Channel K ’ 2 | 3 ‘ 4 ‘ 5 ‘ --------- I Seg. 1 K | 3 ‘ .........
T ] I I I Time >
t ty*s t,#2s  t;#3s  t +4s t+V

Figure 1: Broadcasting video segments in staggerealdcast manner [16]

The playback algorithm mentioned in [10] is asduis:
1) Tune in a random channel i. Suppose that channelcurrently
broadcasting segment s
@Ilfth=k-1,letj=iand GOTO Step (2)
(b) Else, compute

._{i+h—k, ifi+h—k>0
“li+h, otherwise

(1)

Channel j must be currently broadcasting segmerarsl about to

broadcast segment.s

2) Wait until channel j starts broadcasting segmenfisst one) and

join this channel when that time comes



3) Play the video data received from this channel god when the

video is finished playing

2.1.2.2 Skyscraper Broadcasting

To reduce the start-up delay of SB technique, kiyesaper broadcasting (SkB) was
developed [12]. Figure 2 / formula (2) show thathis technique, a video is divided

into different segment sizes [10, 12]. The syst&entbroadcasts video segments
over k channels. At the client side, users recemasecutive segments having the
same sizes. Users need to download data from attmoschannels at any time and

the receiver buffer requirement is constrained H®y size of the last segment [12].

The SkB technique supports clients with low bandw{d9].

( Si, i=1
2s;, i=23
25i_1+1, imod4=0
S= Si—1 » imod4=1 (2)
2si_1 +2, imod4=2
Si—1, imod4 =73

E.g.=1,2,2,5,5,12,12, 25, 25, 52, 52

If segment size grows more, a large caching spacgdibe required at the client

side. The client cache space and bandwidth areedetes follows:
Cache space (W-1) 5 B/k 3)(

If vis a video file, there is a relationship betweea $erviced delay and the control

factorWis [13]:

Delay= §= o———— (4)

Z£€=1 min (s; w)

Where, W restricts segments size to be large.
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Figure 2: lllustration of segment downloading floe ISkB technique, where number
of channels is k=4, [19]

2.1.3 Patching Technique

The patching scheme was developed to prepare gzeue-delay) video stream in
broadcast mannerThe idea of patching is that clients are able tevdtmad data on
two channels simultaneously when they requeshtorideos [12]”.As illustrated in

figure 3, server keeps a list of the users thathmffered the video.

- ~ ~
(" Neighbor " Base \
l\\\; Pear —/k“\\‘ f"\ Slauar //‘

e \‘ \.\
\3 RAequest a paich /
\ \ /

\ / 2: Send LastReguiarTime
4a: Send the patch stream ‘ 1: Roquest 5a: Send the mgular stream
4b: No paich stream \ Vidso VD | /St Send the rogular and

\ \ | o
\ \ / patch streams

-
Y Reqwsurw \,,//
\\\ 3:41’ ’__

Figure 3: Collaboration diagram of peer patch [20]
When a new client queries the server for the mel@iaserver returns a list of peers
cached patches of the video streams. Each noderbufie video stream in FIFO
order, therefore, the new client can receive theast from peers if it still has the

first stream in cache. If there are such peerspéweclient can stream the patch from

10



peers and concurrently receive regular multicaseast from media server.
Otherwise the media server (or BS) must be sentegelar multicast and patching

streams.

2.1.4 Multi Path/Multi Source

Multiple independent paths technique is a mainnepke for the multi-source VoD
application in wireless mesh networks. Distribut@fnvideo segments over multiple
independent paths improves the routing performasiadility, and robustness [11].
Video requests are registered in the server whaeewaclient joins into network and
makes a video request. The server keeps a lisll afients that have buffered the

video. If there are such users, the new user caarstthe video from peers.

New client downloads video from local peers throwgte or multi-hop. When the

peers are located in Internet, client needs topath from the gateway to peer in the
Internet (Figure 4).In general, because of dynashannel allocation overhead static
channel allocation strategies are used in wiretessh routers. Therefore, usually the

downloaded channel does not change.

@ T —

Media Server {

Wireless Mesh'
Network

B user X

@ sender
@ receiver

Figure 4: VoD in Wireless mesh networks [11]
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2.2 Wireless Network Environment

In general, wireless networks are divided as itfuasure and ad hoc models. There
is a central management system such as Base S{@®)nor access point (AP)
which is responsible for functionality in infrastture design. In ad hoc networks, a
client is not familiar with the network topologyh& new client just advertises its
presence and listens to other neighbors’ acknowledgt to fine network topology
and to learn how to reach them. The communicatietwéen clients in ad hoc
networks is like the P2P model. So, in lack of cantmanagement, all clients are

responsible for their own functionality such as aging and routing messages.

Wireless technologies such as WiMAX (IEEE 802.16a&dfor long distance and
Wi-Fi (IEEE 802.11a, b, and g) and Bluetooth foohdistances communication
enable mobile users to access resources on wirgds®rks anywhere and anytime.
IEEE 802.11 standards are the most popular forrwicgless communication that
can support 54Mbps in a maximum of 100 meter cye@ea. Coverage area is
limited to 10 meter for infrared and Bluetooth netkss. Worldwide Interoperability
for Microwave Access (WiMAX) appears in two verssoj21]: (a) IEEE 802.16a, b,
c, and d for fixed user and (b) IEEE 802.16e forbileousers up to a speed of
120km/h. WIMAX support 70 Mbps data rate in 50 kaverage area. As shown in

figure 5, it can be used in point-to-point and paormultipoint forms.

In recent years, new standards are defined forlegseregional area network
(WRAN) known as super Wi-Fi (IEEE 802.22) whichusing white spaces. (“in

telecommunication literature, white space point ftequencies allocated to a
broadcasting service but, not used locallyif)the TV frequency spectrum. WRAN

networks are based on BS and customer-premisepregnt (CPE) that work in
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point to multipoint (P2MP) manner. The BSs will naging the medium access
for all the CPEs that connect to BS through a wasllink. Each WRAN channels

will support up to 22 Mbps without interfering wigxisting TV broadcast stations

am>
\ ~

- \ b % Point-to-Pont(P2F)
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Point-to-Multipomt(PIVIP)
Figure 5: WiIMAX communications [21]
2.3 Evolution of Cellular Wireless Networks

First generation cellular and cordless telephortevoréks such as advanced mobile
phone service (AMPS) are based on analog technolmgy use frequency
modulation (FM). The second generation (2G) digitatworks (e.g. GSM, PCS)
replaced the first generation analog systems aodige speeds of 10 to 20 Kbps.
Nowadays 2.5G networks are widely available andecaw wide range of new
applications such as multimedia. Furthermore, 2.78Gnology supports EDGE

networks.

The aim of the third generation (3G) wireless neknvs to provide a single set of
standard that can support a wide range of wireglpptications [23]. Third generation
(3G) supports demanding multimedia, video conferencvoice-over-IP (VoIP) by

providing up to 2 Mbps speed. It is compatible wattisting GSM technologies like

2G and EDGE. Unlike GSM system, 3G provide multipkerface and platform to a

13



wide range of devices and applications. UnfortuyateG networks are not

ubiquitous, therefore, when 3G subscribers roam @uBG network coverage,

service returns to the 2G/2.5G networks in lacBR®ftechnologies in new cells.

A fourth generation (4G) is a future technologyttingludes LTE and UMB. The 4G

system provides mobile ultra-broadband Internees&cfor varying mobile devices

(e.g. Laptops with USB wireless modems). Tableuthrearizes different cellular

network technologies.

Table 1: Evolution of Cellular networks [24]

Specifications |  Protocol | Maximum speed Features
1G AMPS -Voice service only
Analog FDMA N/A
Network TACS
CDMA -Digital voce service
GSM -Short message service(SMS)
2G PCS Up to 20 Kbps | -Voice mail
-Email and web browsing
TDMA - Conference calling
CDMA 2000 Up to 144Kbps | All 2G features plus:
1I*RTT (typical 60-80Kbps)| - MMS (Multimedia Message
Up to 114Kbps | service)
25G GPRS (30-40Kbps) - Web browsing
: HSCSD Up to 64Kbps | - Real-time location-based services
- Basic multimedia, including
EDGE Up to 384Kbps support for short audio and video
clips, games and images
473Kbps (uplink) to| Better performance for all 2/2.5G
2.15G GPRS 2 1.2Mbps (downlink) | services
UTMS Up to 2.4Mbps | Support for all 2G and 2.5G feature
plus:
3G WCDMA Up to 2.4Mbps | « Full motion video
 Streaming music
EC\E’D'\Z')ARZOO% Upto 3.1Mbps | * 3D gaming
“Rev  Faster Web browsing
HSPDA Up to 14.4Mbps Support for all 2/2.5/3G features
35G plus:
) CDMA 2000 * On-demand video
EVDO Rev B Up to 46Mbps | « video conferencing
 Faster Web browsing
WIMAX 100+Mbps Support for all prior 2G/3G featureg
plus:
4G UMB 35Mbps « High quality streaming video
LTE 100Mbps « High quality video conferencing

« High quality Voice-over-IP (VolP)
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2.4 Cellular Network Architecture

Mobile statiori (MS), base statidn(BS), base station controller (BSC), and mobile
switching center (MSC) are the four main componetsellular wireless networks
(Figure 6). The MS may be any portable device, sagla mobile phone, personal
digital assistant (PDA), and laptop. The BS coveragea is known as its “cell”. The
shape and size of cells depend on natural andrtexoaerage area [1]. Depending on
the type of cellular networks (e.g. Pico cell, roicell, cell, and macro cell) one cell
might cover a radius of from 10m up to 9 miles. iE®S is connected with a
neighbor BS and through BSC to MSC, which acts gataway from the cellular
network to the existing wired networks: the Intérnand the public switched
telephone network (PSTN). Each MS communicateshaaspecific BS of the cell it
is currently residing in. In this study, we assiba media server is located behind the
BS. In satellite cellular communication, distanaveen BS (in this case satellite)
and the MS is much longer [25]. Due to the largetattice between satellite and earth
(36000 km in LEO), it is impossible to have cellghadiameters less than 100km

even with low earth orbit (LEO) [25]. Thereforeaismit power needs to be larger.

In a cellular wireless network, each cell is ilhaséd in hexagonal shape, therefore
the cells fit together tightly. Each cell is asgdra frequency range, so a small cell
size enables reusing frequency in other cells withoterfering, but this increases
network cost. Static channel allocation strategies widely used between BSs or
BSs and BSC. It is because a BS always stays iixea fposition. Each BS
periodically broadcasts own cell information sushaaailable bandwidth, number of

nodes and etc, to other BS and BSC. Therefore, B&€hknows the global topology

! Client, peer, node, and user have a same meaisipaper.
% Server
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of the wireless cellular network and available haidth on all the links in the

network and patching video streams are buffereddmh node.

Typically, the BS receives information from the M8d sends it towards the BSC.
The BS connects to MSC through BSC. The BSC harchesnels allocation and
handoff operation inside BSC from one BS to othbug,handoff between two BSC

covered by MSC. In addition, all sites informatisrstored in the BSC database.

BSC BSC

Media
servers

MSC Internet PSTN

1)

Figure 6: Architecture of a cellular wireless netkwo

2.4.1 Traffic Load and Cell Size

Each cell has different channel frequencies anthegpower of a cell transmitter is
limited, the same channels can be reused in diftecells. The frequency band
allocated to a cellular system can be reused ieratklls. In the cellular wireless
networks, same frequency may be used in other. &8lisry cluster includes a set of
frequencies which are assigned to adjacent cellgeheral practical cluster sizes are
3,4, 7, and 12. Small cluster size (e.g. N= 1jiset high interference, while big
cluster sizes (e.g. N=27) wastes system resouscassbring a very low interference
level that is much lower than the maximum acceptabalue. For avoiding
interference between cells or clusters we needatoulate reusable distance as

follows [25]:
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N= P+j+ij (5)

N=V3 R (6)
D/R=V3N (7)
D/d=VN (8)

Where i>=0and j>=i

R = radius of cell

N = number of cells in a cluster

d = distance between centers of adjacent cells

D = minimum distance between centers of cells tlsatthe same frequency band

(channels)

Reuse distance (D)

Figure 7: Cluster of N= 7 cells

In general, one BS supports all subscribers inaatle Increasing subscriber density
in cell area leads to more traffic. Therefore,sitnecessary to install more BS to
achieve QoS. However, installing more BS is coatig the cost of equipment may
limit the number of BSs. Sectorizing (figure 8)tie simple approach to overcome

this limitation. A Sector antenna divides cell aieto three cells, serving 120°
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sectors with different channel groups. Power radiatrom sectored directional

antenna is minimal and has low interference witigmeor cells.

Figure 8: Multi frequency and frequency reuse basedector antenna, where N=7

2.4.2 Second Generation Technology (2G)

Global system for mobile communication (GSM) usesthb FDMA/TDMA
techniques, further combined with FDD (frequencyision duplex). Uplink and
downlink uses separated frequency bands for conuation. The lower band is
used for communication from MS to BS (uplink) ar tupper band is used for
communication from BS to MS (downlink). In FDMA  latated spectrum (uplink
and downlink) is divided into 124 individual camieequencies. Carrier separation is
200 kHz. The frequency space between uplink anchtiokv(offset) is 45 MHz. The
outer 100 kHz of each 25 MHz band is used as adgband for avoiding of

interference with adjoined spectrum. By dividingatdoandwidth (25 MHz) into 200
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kHz we have 125 sub frequency bands. The remaihit#f125-1) sub frequency
bands are known as Absolute Radio Frequency Chaxmelbers (ARFCNs) and
deal with channel number to be assigned to onakipind one downlink.

As illustrated in figure 9, in TDMA each frequenisydivided into 8 time slots. Each
time slot lasts 576.92 ps (0.577 ms). MS commueiwath BS during one time slot.
Each set of 8 time slots is known as a TDMA fraiftee duration of a TDMA frame
is 4.615 ms (576.92 us x 8). The handset device different frequency band in the
uplink and downlink. Furthermore, send and receiseer happens at the same time.
The combination of frequency band and time slot Ibeimis known as physical
channel. The data type that can be transferred @wemphysical channel depends on

the logical channel.

Uplink = 890 MHz +(ARFCN *0.2) MHz
Downlink = Uplink + 45 MHz

<«—— TDMA Frame (4.615 ms) ——»

Uplink 890.20 MHz
0 1 2 3 4 5 6 7
. / I T
Bs 4 Offset 45 MHz s
\‘l '
0 1 2 3 4 5 6 7
Dwonlink 935.20 MHz >

Time slot =0.577 ms

Figure 9: GSM 900 ARFCN

Due to Gaussian Minimum Shift Keying (GMSK) modugat technique, each 200
kHz sub band (one carrier) supports a data rate7afkbps (270.833 kbps) [25].
Therefore, maximum transmission rate in one tinoe &@76.92 us) will be 156.25
bits. The data carried during in one time slotriswn as @urst Figure 10 illustrates

the structure of a normal burst. Each burst perBi2$ bits forguard timewithin a
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time slot to avoid bursts from overlapping withrisanissions in other time slots.
Therefore, 148 bits are for each burst (156.258.248 bit). Maximum bit rate for

single time slot under GMSK modulation is 24.7 kb/s

148 bit

'
v

CB= Control Bit
Tail bits Data bits CB| Training |CB Data bits Tail bits|Guard period

Pt Pt > >
3bit 57 bit Ibit 26 bit 1bit 57 bit 3 bit 8.25 bit

+ >

156.25 bits (576.92ps)

Figure 10: Functions of the bits in normal transiois burst.

The physical channel includes information whichceried by 200 kHz during
0.577ms.The logical channel carrier informationwthibe physical channels. Logical
channels can be different types of data that isstratted only on certain frames in a
certain time slot. Traffic channel and control ahe@inare two main categories of
logical channels in GSM systems. Traffic channelnsport speech and data
information. Control channels deal with network ragement messages and channel

maintenance tasks [25].

2.4.3 Beyond 3G Technology

From the technical point of view, GSM and GPRSratsuitable for mobile video
communication, because of low data rate. ProviMoD in a cellular network needs
high data rate technology such as the 3G systeereldre, it is necessary to use 3G

and beyond 3G technology to achieve VoD with aciaptQoS.

Code division multiple accesses (CDMA) is a spreaectrum technology, it enables
many users to concurrently access media at the samé frequency by assigning

unique codes to each client in the same specti@BMA is transmits simultaneous

20



signals over a shared portion of the spectrum. &tgeno frequency reuse problem in
CDMA technology. Therefore, interference is notrabfem unless the number of

clients reaches a saturation point which disrupgsvbice coding system [23].

Wideband CDMA (W-CDMA) is an evolution of GSM teablngies and is the main
technology for 3G cellular networks. W-CDMA is pafttree generation partnership
project (3GPP), international mobile telephony (H4000), and universal mobile
telecommunications system (UMTS) groups. UMTS uAeE€DMA technology to

perform VoD and web browsing by handsets.

Although, theoretically UTMS can support 42 Mbpghnhigh speed packet access
(HSPA) which combination of two protocols [26]: (ajgh speed downlink packet
access (HSDPA) for downlink, and (b) high speedniigbacket access (HSUPA) for
uplink, in reality it decrease to 7.2 Mbps for ddiwvk. This speed is fast enough to
cover video streaming. Enhanced HSPA allows 21Mbpsnload speeds. The W-

CDMA characteristics are [25]:

v" One frame = 15 time slot

v" Channel Bandwidth: 5 MHz

v" Frame length= 10 ms or 20ms

v" One time slot = 0.666ms =2560 chips

v' Support both FDD & TDD modes provide

v High chip rate (3.84 Mchip/s) and data rates (upNtbps)

v Support multi user detection (MUD) and smart adepéintennas

v Provide multi-rate services using variable spreg@ind multi-code
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Long term evolution (LTE) is based on GSM/UMTS slamds. LTE offers
maximum download speeds of 299.6 Mbps and 74.5 Mdwpaplink by using new
digital signal processing (DSP). Different courgriese different frequency bands for
LTE wireless communication. Therefore, single freqey band device may not
work in another country. Furthermore, unlike UTM&®SM, and CDMA200 which
use circuit switching, LTE only supports the packefitching technique. Finally,

LTE can support at least 200 active data subsarines MHz cells.
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Chapter 3

SYSTEM STRUCTURE AND ALGHORITHMS

3.1 Basic ldea of VoD in WLAN

In this study, we developed a typical VoD systeraeoshon WLAN and extended it
over cellular wireless networks. First of all, wesdribe VoD in WLAN (in this case
MANET), and then we focuses on WWAN. In general V®Btems are based on the
client/server architecture and the video downlodi$play rates are main factors that
effect video streaming performance [1]. Downloadiagvideo segment with
minimum delay/stop is also important to achieveeptable level of QoS. To avoid
single point of failure, there are more than onelimeervers located behind the BS

or AP.

A client connects to video server through accesstg@dP) to access media files.
Communication between server-client is in multicastode, whereas the
communication between clients in the same WLANasdad on peer-to-peer mode
(Figure 11). Depending on the number of portabliads in the wireless network,
video server may need to store different copiesBypf same video file. In
multicasting, the client can join to a suitable timalst group. Typically, clients have
small buffer size, not enough to store the whotiewgifile. We consider a video file
as a collection of equal size segments. Each sdgmelndes some fixed-length
portion of video file. So, one advantage of mukidag is the capability of client to

receive video file, segment by segment in lackugfenbuffer sizes.
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Figure 11: VoD in WLAN

Broadcast services can save free channels butehffelevices use different media
types, so a variety of media files may lead to lbo#ck in media servers. For
overcoming channel allocation and server bottlengeckblems, we consider
scheduled multicast and patching mechanisms. Aguprth patching mechanism,
when a new client arrives to a cell, it joins to existing multicast group for the
reminder of media file, and downloads missing pairtmedia from peers as a
patching stream. The new client waits for a newticasgt group if the existing
multicast group does not have free channels facation, but it can concurrently
receive patching stream from peers during the agitime. The BS/ AP forwards
client request to media server when there are peess which have the requested
media file. If there is no free channel, the diemust wait until a free channel is
available. Figure 12 illustrates the multicast psxin wireless networks. Also, the

scenario is discussed in algorithm .1.
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Figure 12: Media services for new client

Algorithm.1 media file services for client request

M, : multicast group for video v, U : unicast fodeb v

ts : start time of multicasting segment s

tc : time of accessing client to segment s

Begin

Client C arrives in wireless network and requesis®

If M, exist then Begin
join to M aneceive current segment
if >t then run unicast ()  // missing portion exit

elsewhile (S<sng then i=i+1 // switch to next

segment
end while
end
else wait for next M while time out,then run unicast() from peers
end
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unicast()
Begin
If peers has segments of video (v)
then
downtbédeo from peers which is not busy
else ipeers busy, but responsible faster than nextloest time,
then
wait foeer and try again
else download from media server
end

End.

In a WLAN, clients periodically send cache conteribrmation to the access point.
AP stores multicast video and client’s informatiarown database (multicast group
and client information table). When a client needdeo, first checks its local buffer
and play the video if it is stored in local buffeatherwise, it makes a request to AP

(figures 13-14). AP cheeks its database to seidéo exist. There are three cases:

Casel If a multicast group exists for requested vidémen join client to that

multicast group.

Case2If there is no multicast group, check if otheepehave segments of video.

Case3 Otherwise get video from remote media server.
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Figure 13: Client side function for requested vithydNLAN clients
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Figure 14: AP side diagram for WLAN function
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3.2 Scheduled Multicast and Patching

Although broadcast mechanisms are widely used enntiernet and wired networks,
it is not suitable for wireless networks [14, 1Bputing decisions based on imprecise
information due to dynamic change of network topglotraffic load and channel
characteristic are the main problems [27]. On ttheerohand, because of their high
capacity, broad coverage and broadcast naturelessr@etworks are ideal platforms
for multicast [15]. In general all broadcastingheitjues have a start-up delay. This
delay depends on the efficiency of the broadcasteiggme, channel bandwidth and

receiver buffer sizes [12].

For overcoming this problem, we consider Scheduldtivast (SM) and patching
over a multi-channel scheme. In the SM solutiorgchemedia file is divided into
several chunks and every chunk is multicast oviééergint communication channels.
We consider scheduling multicast communicationpfmpular video streams and P2P
(unicast) connection for unpopular video streamgging portion of video). Each
mobile device uses different types of video streasnsthe media server prepares a
variety of media stream types. In this approachhedient joins to the most suitable

multicast group and plays the media file.

Patching technique is able clients to download ffata two channels concurrently.
Consider multicasting start at timeaind assume a new client arrives in a cell at time
t1+0, and makes a video request. It can join the nadting channels while watching
the videos. Simultaneously, it receives patchindewi stream from peers which
already have part of this video. If there is noutag multicast channel currently

serving video V, a free channel is used to staréw regular multicast for video V,
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and peers in the selected batch receive the ewidleo from this new regular
multicast at timet In this approach, it is possible that clientsobel to different
cells. Unfortunately mobile devices have limitedfeusize. Therefore, they can just

cache a small part of video.

A video file is divided into k equal size chunksgiechunkl, chunk2 ..chunk k).
Depending on QoS, video quality, and coding teammigransfer rate jtmaybe less,
equal, or bigger than display ratg)(tAssuming transfer rate and display rate are
equal, the display time of each chunkdsnk =ts = V/K, where V is the total video
displaying time and k is the number of channelgallbandwidth is divided in k
channels and each channel multicasts repeatedty Vil as a sequence of segments
(s1, & ... &). For example, if video size is V=60 minutes ananber of channels

is limited to k=5, thengEV/k=60/5=12 minute.

As illustrated in figure 15, when a new client ees at timed, it can join channel 1lat
the beginning of first chunk, start download anspthy segment onesjs The client
switches to next chunk at the same channel afteivieg all segments which belong
to the first chunk and this scenario continueslwend of video. If client arrives at
time t +V/k+8 where §+V/ik<to+V/k+8 <t+2V/K, rather than waiting for next
multicast at timegt-2V/K, it will receive the missing portion of thadt video chunk
(e.g. s, 9, ) from peers or media server in unicast mode amailsaneously buffer
the video segments from the multicast channel 2. [The unicast channel is
disconnected after receiving missing segments,taadlient can be served by the
multicasting channel 2 until the end of the vidéberefore, the patching technique

can significantly reduce the resource requirements.
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Figure 15: Scheduled multicast mechanisms

For overcoming the startup latency, we considerclzeduled/batching multicast
technique instead of using periodic multicastinin scheduled/batching multicast
technique, we consider groups of same video redbasarrive close in time (with a
threshold) to start multicast for servicing thenatdhing technique is proposed on
top of batching to allow late coming clients tonj@ service [28]Therefore, if the

number of requests for getting video increase dyielkd become more than the
threshold, multicasting video in new channel withrs faster than scheduled
multicast time, otherwise multicasting will start gegular time. This definition

decreases startup latency. In the worst case,diedsled multicast latency is the
same as periodic multicast. In popular video stiegnfe.g. goals of a football

match), there is more request for video at therbegg, therefore, using scheduled
multicasting decreases startup latency. For exanipledeo length is 45 minutes

and it is divided into five chunks (five channelsartup latency for the worst case is
45/5=9 minutes, but in scheduled multicasting, deljpgy on request arrival time, it
can be less than 9 minutes. This approach is graedyonsumes all channels if the

number of clients grows fast. Scheduling multickettil is described in algorithm 2.
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Algorithm .2 Scheduling multicast

timer

tm: multicast time

n.: number of clients which request a video

ns: minimum number of clients as threshold to stasttrmulticast

Begin
tm=n, timer=0
while (n.<ny)

timer+=1
If timer=tm then
begin
start multicast
timer=0
A0
exit
elseif new client arriveghen
An:+1
end while
start multicast

End.

Since, each portable device has a different dowridibrate, it is hard for a multicast
sender to send at a rate that is suitable to diésioVideo streaming application must
be compatible with different network conditionsibgreasing/decreasing the bit rate
[29]. We believe, batching the same device in onétioast group improves network
performance and it is easier to manage. For exammphdset devices have limited
resources, but laptop or PC which connect to aulegllnetwork through EDGE
modem (3G) have acceptable resources such as meanmorycomputing power.
Therefore, in same condition when handset and Ff@éred a requested segment, PC

node has priority to join P2P connection and seadaested segments.
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In our approach, every client has three main coraptm

v Playback buffer (playing) - video must be playeaamrect sequence order of
segment with few interrupts or stops. So video dnifify is necessary to
achieve quality of display.

v" Forward buffer (cache) - client caches watched segsnin the cache buffer
in FIFO order. The cache buffer has two main acages: video locality and
send video file to neighbor clients in P2P mode.

v' Segment allocation table (SAT)- each client stetdeo segment information
such as video name, and stored segment numbeis SAT and announces

server or other clients

Finally by using proxy server, it is possible tceosome the low downlink channel
rate and we may achieve high quality of serviceRd his approach has several

advantages including:

v' Channel saving- compared to the traditional VoDteays in which the
individual client is served by unicast channel, pa¢ching scheme reduce the
resource requirements [10].

v' Handoff- it may improve hand off during move of arlnt form one cell to
other. By limiting the number of unicast communigat there are more free
channels for new clients arriving to cell.

v Video locality- it possible use proxy server behB@C to decrease the media
server load. It is not more costly because we assone proxy server for

multiple BS is instead of using an individual preserver for each BS.
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3.3 Resource Management

When a new client joins to a wireless network aetkdts that it lost a portion of first
multicast chunk, it must wait for next multicasbrFexample if first multicast starts
at time {, and client X requests video in timevthere {< t, < ;+s and s is the time
of beginning first segment of next multicast, iasteof waiting for next multicast, it
may look for existing neighbor in transmission rangrea which buffered the
missing portion of first chunk. If such a clientigts, download and play missing
portion from neighbor in unicast mode and concutyereceive the remaining part
of chunk from forwarder (e.g. BS or AP) in multitasode. Otherwise, the missing

portion of chunk must be downloaded from the meeéiaer in unicast mode.

The aim of our approach is minimizing individualicast connections to the media
server. Caching system at the client side imprales access latency, bandwidth
consumption, reduces network traffic, and savesehatife [30]. Due to limited

bandwidth, each client can forward cached segnueohé client at a same time. The
sending client switch to active mode during caadrevérding and stays in this mode
until cache forwarding is finished. There are éhoache mechanisms [16]: (a) all-
cache: all clients cache the first segment,(b) eamdache: only a number of
selected clients need to cache, and (c) dominattgache (DSC): only the clients
that belong to a dominating set of the clients eattte first segment. We consider

all-cache case according to the flowing parameters:

v" Hop cont: if client finds requested video in itsrowuffer, hop count is zero,
otherwise cache distance can be one or two hopsteTis at least 2-hop
between the source and the destination in wiretedisilar networks and

infrastructure wireless networks.
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v’ Startup overhead: client mobility speed, directiang video size effect link
failure. The client needs to re-establish connectm receive the remaining
part of chunk from other clients again. Link faguncrease startup overhead.
In this case, all-cache is a better option thaemsthbecause of minimum hop
count.

v' Service delay: all-cache has better service defen tothers, because of

minimum hop count and maximum number of clients.

The BS receives video streams from media server disimibutes it toward the
mobile client. In general, P2P traffic is transetttthrough the BS. Therefore, there
is 2-hop count between source and destination.lififieed hop count requirements
minimize number of peers which have patching steeafthough increasing hop
count increases peer domain which has patchingregedue to node mobility,
network topology immediately changes in wirelesswoeks and may lead to a break
of connection path. So, path re-establishing defay cause loss of some packets,
which is not acceptable for a multimedia applicatia7, 29]. Also, any peer failure

immediately affects the quality of service (QoS) [4

It is possible that a mobile client downloads cacliée from more than 2-hop
neighbors, but wireless resource specification sashsmall bandwidth and low
power life time, complicate transmitting big vidiées over multiple mobile devices.
Although using compressing technique decreaseside® size, in some cases (e.g.,
in medicines) we need high quality video. Therefave don’t recommended using

P2P communication in cellular networks.
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In multicasting technique, the downlink bandwidterer-to-client) is bigger than
uplink bandwidth (client-to-server) side. Therefouplink bandwidth is more
expensive. A wireless cellular network covers aenagiea, but the limited bandwidth
causes unicast communication to be costly. On therchand, WLAN supports a
small coverage area, but it has more bandwidth iarelso cheaper than cellular

networks.

In real time application clients may need to patsst, forward/backward, and jump
forward/backward. Playing video segments are sudgzbrduring pause operation,
but client can keep on buffering video segment framrent multicast channel. In
terms of Video Cassette Recording (VCR) interactite client has to switch to
other multicast channels if the required contemtsnot be found in the buffer. The
resource with best quality and low cost will beeselif there is more than one
resource (e.g. channel or client) available. Ifuesied segments of video are not
available in current multicast channel or neighpeer, service is required from the
media server in unicast mode. More cache memorgliamt side improves VCR
interaction. Although VCR functions are well supjgorin WLAN because of more
cache memory, under limited buffer size, in celwéreless network it is difficult to
guaranty continuous VCR functions. Therefore, buffeanagement is also a big
challenge in this area.

3.4 Architecture of our Proposed System

All former Periodic Broadcasting techniques try neduce service latency and
minimize resource requirements. Although broadogstechnique improves server
bottleneck by reducing the number of I/O requests @ecreases usage of backbone

bandwidth, all of the techniques focused on theveseside. A wireless cellular
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network is a heterogeneous network in which, eaeticé may have deferent
capability. In scheduled multicasting technique idew file is multicasting over
multiple channels, the client must be turned orhedwannel to receive each video
segment. In practice, it is difficult to concurrdgntfetch video from multiple
channels. Assigning high reception bandwidth fer ¢thent may solve this problem,
but this has high cost. Therefore, a practicallyitizasting video file into many

channels is impossible.

As shown in figure 16, the architecture of our megd system infrastructure

includes:

1) Media servers- which store media files and multitlasm periodically

2) Public switching telephone network (PSTN)- whichneects the cellular
network to the media server

3) Proxy servers (PS)- located in BSC between medieeseand BSs

4) Base station controller (BSC)- which stores akmtiinformation

5) Base station (BS)- which supports clients in theecage area

6) Mobile station (MS)- which connect to BS and requesd receive media

files

The media server periodically multicast video fitasough multiple channels and
mobile clients receive media files through cellutetworks by switching between
channels. With video segmentation and multicastimgo segments over multiple
channels we try to reduce the startup latency. dBédth problems, channel

allocation and handset capability increase compledinetwork design.
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Figure 16: Architecture of Proposed System

The Proxy Server (PS) content depends on the Ilndfesize (memory size),
popularity of requested video files and media semelticasting. The PS receives a
broadcasted video file, buffers it and may multigasiccording to its own policy.
Although installing PS on BS is possible, it wikkve high cost. We set up a proxy
server in BSC area. In cellular networks all BSKliew the network topology. Also
they are located at a fixed position and have Ipgtcentage of resources such as
memory, computing power, and battery life. All P&immunication in the cellular
network is routed through BS, P2P communicatiotostly because it causes loss of
energy and more delays. Algorithm 3 illustrates #8 mechanism for our

architecture.

Algorithm .3 Communications between client and BS

Threshold member: number or user required forietarhulticast

Threshold time: waiting time for starting multicast
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Begin

All clients periodically send own information suek energy, buffer size, distang

and access rate to BS.
BS creates / updates network topology information.
When client request video begin
If multicast v availablehen Join client to most suitable multicast, group,
Else BS checks it database
If there is candidate peers (MS) with cached segmesit, then
P2P communication initializing in unicast modeotigh BS
/I initial startup laty is very low, cost is low
Else, (video is not in wireless celihen
Send client request to proxywse(PS) located in BSC.
If the requested video is present in PS or neighBanRBame BSC
begin
Insert new client to medtst group
If number of client in multicast groug= threshold memberthen
start multicast
Else  wait until threshold timeand start multicast
end /I initial startup latencynmsedium, cost is low

Elseif the requested video is not present in the tiRS,

re,

Requests send to media server
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/[ initial startup latency is high, cost igln

end

End.

By installing a proxy server in BSC, channel mamaget capability increases
widely. Due to proxy server attributes, it is pgbksto divide each chunk of video
into sub chunks. On the other hand, we can divatsh ehannel into some logical
channels. Start up latency decreases by multigastich sub chunk through logical

channels.

Video file reaches the proxy server when it is moakt by media servers. Proxy
server checks own content and stores the receeo Vil if it is not buffered before.
Simultaneously, it forwards video file to clientrdugh dedicated channels. Proxy
server manages video chunk based on bandwidthwanber of videos multicast. By
increasing the number of multicast videos, it isgssary to assign new channels for
each video file, unless, current channels can beesiimong all videos. If number of

videos is increased to,N5, then startup delay will be:

Delay= V*N,/k 9)

(Where all videos have an equal size)

Resource limitation is one of the big challengesceilular wireless networks.
Patching mechanism in multicasting technique dese®dhe battery power to help
this. Clearly increasing buffer size in client sidenot only costly, but also leads to
loss of battery power because of the need for feammsg more segments to other

peers. Energy is also lost related to the numbewussdr arrivals into cells or
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departures from cells. Providing a sub-channefssd mechanism over SM by
using a proxy server leads to improving waitinggiemd has a good effect in energy
consumption in mobile device. Mobile devices losattdry power by: (a)
downloading video from BS, and (b) P2P communicatiwrough BS. The number
of missing segments which must be received fronrgpekrectly relates to the
multicast period. Increasing the number of chanmelsub-channeling improves
startup latency. Therefore new client need to kecei few segments from other

peers.

One of the main advantages of caching media filedient side or proxy server is
reduced access time through locality. Ability tccewe media files from local
resources instead of receiving from remote serdersreases access time. Also
caching decreases network traffic. Looking for raefilie in neighbor clients is an
effective way to improve network performance fonimiizing access time. Although
looking for missing portion of requested video ither peers is easer in LAN and
WLAN networks, it is not suitable for cellular dfits because of the following

reasons:

v In cellular wireless networks all P2P communicati®supported by BS. All
send or received pass through the BS. This incseifigenumber of hops, so
round trip time (RTT), and delay increases too.

v' Typically downlink speed of mobile client is fasténan uplink speed.
Therefore video uploading is time costly.

v In general all mobile clients have low resourcezhsas memory and power.

v" Mobile client losses more energy during upload time
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Using video segments stored in BS buffers, andaliivsg proxy server in BSC
instead of looking for missing segments in peendfdrs, improve access cost,
because of video locality. There are four casesvVimbD in cellular networks with

ignoring P2P connection. It indicated clearly iguiie 17 and algorithm 4.

Case 1: the requested video is in local buffer.

Case 2: the requested video is in BS caches.

Case 3: the requested video is located in proxyeser

Case 4: the requested video is located just onarssdvers.

Algorithm .4 Request for video or missing segments

Begin
Case 1: If requested video stored in local bufféren display it immediately
else go to case 2
Case 2:
If requested video is currently multicasting ntiven
Join client to medtst groups and
looking for missisagments /I video locality
elsego to case 3
Case3:
If requested video exists on proxy seryen
return video form proxy server
else go to case 4
Case 4
If requested video exist on media serikes
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return video form media servers
else
return “requested video is not find “

End.

Client BS Proxy Server Media Server

&

Video demand

h 4

Video demand

v

Case 2 Video demand

v

Case 3

<

Case 3 Case 4

A

Case 4

Case 4 <

¥ Time

Figure 17: Video on demand in proposed system
When a client creates a video request, in casé@e€ltitne for displaying video is
nearly zero. It is because requested video is dtordocal buffers. According to

Table 2, total time for sending request and rehgniesponse in other cases are

described (without more details) as follows:

Table 2: Characteristic of proposed system

T, Channel (link) transmission rates

Te Time for transferring requested video

Tcos Time to travel request from client to BS

Teac Time to travel request from BS to client

Te2s Time to travel request between two BS

Tr2Bsc Time to travel request from BS to BSC

Tc proces Processing time in client

TBs proces Processing time in BS

TBsc proces Processing time in BSC

Tesc 2 M serve Time to travel request from BSC to media server
Np Number of BS between source and destination
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Tpor=Tcos + Tas procesd Te2c + Tc process‘"TJTr uplink (No -1 )*(Tgog + TSTy) +TJT;

downlink

Where T =Te2c then

TPZP:ZTCZB + TBS process'"TC process"'Ts/Tr uplink +T4Tr downlink (10)

Tcase 2_'TCZB + TBS process"'Ts/Tr downlink (11)

Tcase 3_'TCZB + TBS process+ Nb *T B2 t Tproxy process"'Ts/Tr downlink Nb * Ts/Tr

Tcase 3_'TCZB + TBS process+ Nb (TBZB + Ts/Tr) + Tproxy process+ Nb * TJTr downlink (12)

Tcase 7 TCase 3 + gsc 2 mservei TS/TI M server

Tcase 4_'TCZB + TBS process‘" Nb (TBZB + TJTr) + Tproxy process+ Nb * Ts/Tr downlink +

TBSC 2Mserver T Ts/Tr M server (13)

When a client requests a video, some parametehsding network load, content
availability and distance are used to decide amdl fsuitable media servers.
Increasing the number of requests leads to bottleaad storage (I/O) problems in
the media server. In our proposed system, proxyeserare between the client and
the media server and act as content delivery n&sv(@DN). CDN technology is

especially well suited to stream audio, video, dnternet television (IPTV)

programs [31]. Distributed proxy servers in mul®® is used to improve start up
latency by forwarding clients requests to closerxprservers. Proxy server replies
with content in multicast mode when requested \sdeorives at time closer,
otherwise, the video file is sent in unicast modéis approach has several

advantages including:
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v Improve core network traffic by limiting video reggt from media servers
v" Reduces startup latency by caching content whicloier to clients

v" Reduces bottleneck and 1/0 problem in media server

v Content redundancy (backup) by caching content

v Reduces media server overload

3.5 Buffer Content Management

In general, more servers and storage are availalieedia provider centers, but a
few proxy servers with limited resources are awd@ain BSC. Due to the static

content of video files using proxy server in BS@imseffective way to reduce request
response time and network traffic. Therefore, buff@nagement in proxy server is

an important issue. Two cache content replacenditigs can be considered:

a) singlefactor cache content replacement policy
v Based on size or cost
v Firstin-first-out (FIFO)
4 The least recently used (LRU)
v The least frequently used (LFU)
b) multi-factor cache content replacement policy

v Greedy dual size (GDS) based on cost/size

Two types of video files (large and small) are stbm media servers. Large video
files are used less than small video files. Foheamntent replacement, we consider
a combination of factors such as cost, life timgpuarity, and frequency of use as

discussed below.

Cache replacement = Cogt+ L + P (14)
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CostZ (15)

L = least recently used (16)

Age:t:ur — kit (17)
_ R

P =ge (18)

Table 3: The characteristic of cache replacement

Age The staying time of the video in cache (lifad)
teur The current time

tsit The first time vide sit in buffer

R Number of requesting video during life time
Size Proxy server memory size

P Video popularity

V Video size

o Average size of video files

Figures 18-19 illustrate buffer discipline for axaenple with seven different video
files. In this example, total buffer capacity isO10nits. A new video is stored in
buffer if there is enough free buffer space, othsewthe buffer management policy
removes one or more videos from buffer to create Bpace for the new video file.

Three methods that can be considered are:

v Based on size- larger file remove from buffer
v' Based on frequency- least used file remove fronfebuf

v' Based on FIFO order- first arriving file removerfrduffer

Our proposed approach combines all above paranmetersalculated a replacement
factor. The video file with the smallest valueasnoved from buffers. The small size
videos or videos which are requested more have ol@ace to stay in cache. In the

example, when new video (e.g. video 8= 13 unitivas; video 5 is removed from
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the buffer and the new video is stored in buffee ¥mulated our algorithms and
compared with FIFO and LRU technique. Efficiencyoaf algorithms is better than

both of them. Programming code in C++ is availablappendix.

Buffer Replacment Discipline

Size |Popularity | Least requency used | Life time (FIFO)| My approach legend
Video 1 12 5 12 20 7.85 video size
Video 2 14 6 2 2 11.00 popularity
Video 3 7 3 5 3 9.67 frequency
Video 4 17 4 3 4 8.75 life time
Video 5 19 3 5 My approach
Video 6 3 20 6 6 11.33 buffer size 100
Video 7 25 3 7 11.00 a 14.29

Assigned buffer  100%
Free buffer space 0%

Figure 18: Buffer contents before the arrival ofvnadeo (video 8)

Buffer Replacment Discipline

Size |Popularity | Least requency used | Life time (FIFO)| My approach legend
Video 1 12 5 12 21 video size
Video 2 14 6 2 3 10.19 popularity
Video 3 7 3 5 4 9.53 frequency
Video 4 17 4 3 5 8.93 life time
Video 8 12 1 1 9.53 My approach
Video 6 3 20 6 7 11.24 buffer size 100
Video 7 25 3 8 11.03 a 13.29

Assigned buffer  93%
Free buffer space 7%

Figure 19: Buffer contents one second after thearof new video (video 8)
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Chapter 4

SIMULATION RESULTS

In wide area communication, data segments passghrmtermediate gateways or
routers. In general segments are routed by routetisout fragmentation. As
illustrated in figure 20, Oversize segments argrfranted by router and router drops
a segment if it cannot be fragmented (figure 28ec2). Segment resizing increases
network delay. The maximum segment size (MSS)esldhgest amount of data that

every communication network device can support.

r — — i
EX Administrator: C:\Windows\system_"Z\cmd.exe“ ——— — E@Iéj

C:\Users\shokrilping —f -1 1472 87.248.112.181

Pinging 87.248.112.181 with 1472 hytes of data:

Reply from 87.248.112.181: bhytes=1472 time=101ms TTL=53
Reply from 87.248.112.181: bhytes=1472 time=101ms TTL=53
Reply from 87.248.112.181: hytes=1472 time=%94ms TTL=53
Reply from 87.248.112.181: bytes=1472 time=94ms TTL=53

m

Ping statistics tor 87.248.11Z2.181°¢

Packets: Sent = 4, Received = 4, Lost = B (8% loss),
Approximate round trip times in milli-seconds:

Minimum = 94ms, Maximum = 1@01ims, Average = 97ms

C:\Users\shokri
C:\Users\shokri’ping —f -1 1473 87.248.112.181

Pinging 87.248.112.181 with 1473 bhytes of data:
Packet needs to bhe fragmented but DF set.
Packet needs to be fragmented but DF set.
Packet needs to be fragmented but DF set.
Packet needs to be fragmented but DF set.

Ping statistics for 87.248.112.181:
Packets: Sent = 4, Received = @, Lost = 4 (188x loss).

C:\Users\shokri>

Figure 20: Maximum Segment Size (MSS)

In general MSS is between 536-1472 byte. By inéngasegment size from 536

bytes to 1472 bytes, communication efficiency iases, but a segment size bigger

than 1500 byte decreases efficiency. The MSS isesedo 1500 bytes when we
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adding 28 byte IP/ICMP overhead. Therefore, bygmssg more than 1500 byte to

MTU decreases connection efficiency. In this stugyconsider MSS as 1500 bytes.

Table 4: Simulation parameters for comparing spgeith multi-channeling

Parameters Value (s)
Video size 15s

Video packet size 1500 bytes
Make a video request 5ms
Buffering video in client side 1s

Prepare video by proxy server 10ms
Prepare video by media server 15ms
Packet transfer time from BS 5ms

Packet transfer time from BSC 10ms
Packet transfer time from the core netwc 50 ms

4 .1 When Transfer Rate is Less than Display Rate

According to the information shown above, transmgtta one second video file (one
second video size=912 kb) in a GSM cellular netwathich supports 22.8 kb/s
transfer rate, takes 40 second (912 kb /22.8 kb s)4The multi-channel approach
overcomes this shortcoming and improves the bie.rah the multi-channel
technique, video is multicast over more than orenakl concurrently and the client
switches between channels and receives the vidgmese (figures 21-25).
Increasing number of channels lead to higher eificy. The client must have the
capability to switch between different frequencyéis Also, the number of channels
must be limited. In this example we consider fiveamnels as one multiplexing
group. Therefore, time for buffering video in play buffer is reduced to 8 seconds

(912 kb /22.8 kb *5 = 40/5= 8 s).
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S =total video segment

T time for receiving one segment

MSS= 1500 byte (1472 +28)

V=912 kb

K=5

S = V/MSS= (912 *1024) / (1472 *8)

=79.3 =80 segment

T=1500*8 /22.8 kb/s = 0.5 s

Figures 19-23 illustrate multicasting one secondewi file on five channels

concurrently. Client switches between channels r@ugive video segments. Each

figure shows channels status in different time esdal.g. in 0, 0.5, 1, 2.5, and 8

second).

Logical channel 1
Logical channel 2
Logical channel 3
Logical channel 4
Logical channel 5

Multiplexing
Channels

One second video file (80 segments)

SHENEEERER [ 19 [ sso ]
s1 S

s1 s2 S80

s1 s2 s3 S80

s1 S2 S3 s4 S80

s1 52 s3 sa ss | se0 |
st [ 2 [ ss [ 4 [ s | [ 579 T ss0 |
0.5 1.0 15 0 5 75 8.0

V=
K=

Time now

1 Video Length (s)
5 Number of Channel

|

Time (s)

Figure 21: Multiplexing channel/multicast, tim8é0 s
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One second video file (80 segments)

st [ 2 [ s3 [ st [ s ] [ s19 T ss0 | V= 1 VideoLength(s)
K= 5 Number of Channel
Time now I 035 Is
Logical channel 1 | se0
Logical channel 2 s1 s2
Logical channel 3 s1 S2 s3
Logical channel 4 s1 s2 S3 s4 580
Logical channel 5 s1 s2 s3 sa ss | sa0 |
Multiplexing [ o [ &8 [ ¢ [ &5 ] [ s | s |
Channels
0.5 10 15 2.0 25 75 80  Time()
Figure 22: Multiplexing channel/multicast, time5&
One second video file (80 segments)
BN EREREE | s19 [ ss0 | V= 1 VideoLength(s)
K= 5 Number of Channel
Time now I 1 Is
Logical channel 1 [ se0
Logical channel 2 s1
Logical channel 3 s1 s2 s3
Logical channel 4 S1 52 s3 s4 580
Logical channel 5 51 52 53 s4 ss | s&0 |
Multiplexing [ IEENENER [ s [ s |
Channels
0.5 10 15 2.0 2.5 75 80  Time(s)
Figure 23: Multiplexing channel/multicast, times1
One second video file (80 segments)
s1 BEEERERER IEEREN V= 1 VideoLength(s)
K= 5 Number of Channel
Time now I 25 Is
Logical channel 1 [ se0
Logical channel 2 s1
Logical channel 3 S1 s2
Logical channel 4 s1 s2 S3 S80
Logical channel 5 51 52 s3 s4 [ sa0 |
[ [ [ ] [ s [ s |
Channels
0.5 1.0 15 2.0 25 7.5 80  Time(d)

Figure 24: Multiplexing channel/multicast, time%2
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One second video file (80 segments)

IBEEEEREERER IEREN V= 1 VideoLength(s)
K= 5 Number of Channel

Time now [TIS

Logical channel 1 . [
Logical channel 2 s1
Logical channel 3 s1 s2
Logical channel 4 s1 s2 s3
Logical channel 5 Ss1 52 s3 s4 I ees |

Multiplexing | | | [ | [ | |

Channels

0 0.5 1.0 15 2.0 2.5 75 8.0 Time (s)

Figure25: Multiplexing channel/multicast, time=8 s

This technique works well, but waiting time for mexulticast over multi-channel
increases by increasing video size. In this exampdat multicast must be started

after 8 second.

According to the SM definition, startup delay is Dk (waiting time for next

multicast). It is because all of previous work ddes same speed for transferring
and displaying (¥tg). Unfortunately, in GSM cellular networks transfate is less

than display rate. Therefore, GSM does not suppof for real time traffic because
of more delay (waiting more time to buffering vidaod then start playing them).
Theoretically, in this example, increasing numbércbannels to 40 is means
receiving all segments of video during one sec@i® (kb/ (22.8 kb *40) = 1). In

this case, we need 8 multiplexed channels, witth @i¢hem containing 5 channels,
known as sub-channel. This approach is more cdstisthermore, switching a client
between 40 channels is practical impossible. Rindlis greedy and consumes more

resources such as the frequency band.
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4 .2 When Transfer Rate and Display Rate are Equal

In 3G networks, download speed at least is equabthlibps (E=1.5 Mbps). Assume
a one second video file in normal MPEG-1 format.s Mb (1.2 - 1.5 Mb). If video
size is V=15 seconds and transfer ratpigt equal to display rateg)t it takes 15
second to receiving whole video file through onarutel. By multicasting the video

file over three channels, the startup delay in woase will be 5 seconds.

Figures 26-30 show multicasting one video file (5=} over three channels (k=3) at
different time. As shown in following figures, sewb and third multicast starts
periodically after 5 (delay=v/k=15/3=5 s) and 1@a@®ds. Each figure shows channel

status in different time scales (e.g. in 1, 6,18,,and 20 s).

V= 15 Video Length s
Video file = 3 Number of Channel
S=Vik= 5 ChunkSize s
Three Chunk t=ta= 1.5Mb/s
Time now 1 Second
Channel 1 2 3]a]sTel7[s]o]wluln]n]u]s ]
Channel 2 2 sla]s]el 7] sowoluln]ululs] . |
2st multicast time
Channel 3 1] 23 ]s]se] 7] s]o]wfu]n]n]u]is] |
3rd multicast time
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26  Time(s)

Figure 26: Multi-channel/multicast implementatidis{ multicast, time =1 s)

V= 15 Video Length s
Video file k= 3 Number of Channel
$=Vik= 5 ChunkSize s
Three Chunk t=ty= 1.5Mb/s
Time now 6 Second
Channett [ B 7 [s[eJw[n[n]a]u]s .
Channel 2 2 s[alsTel 7] s]owolulna]ululs] . ]
2st multicast time
Channel 3 Lt 2s[as]e]7]s]o]w]uln]n]u]s] |
3rd multicast time
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26  Time(s)

Figure 27: Multi-channel/multicast implementati@m@ multicast started, time=6 s)
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V= 15 Video Length s
Videosite [ 1 [2 [3 [ 4[5 ] = 3 Number of Channel
S=V/k= 5 ChunkSize s
Three Chunk t=ts= 1.5Mb/s
Time now 11 Second
Channel 1 | HEEE |
Channel 2 T T T E e (wlnlols=]s |
2st multicast time
Charmel3 T2 s« s e[ s[e]wlulnln]uls] |
3rd multicast time

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Time (s)

Figure 28: Multi-channel/multicast implementati@rd multicast started, time=11 s)

V= 15 Video Length s
Video file = 3 Number of Channel
S=Vik= 5 Chunk Size s
Three Chunk t=ts= 1.5 Mb/s
| Time now I 15 |Second
Channel 1 |
Channel 2 nfofslufs] |
2st multicast time
Channel 3 o T T T 1 s 7] sofw]u]n]nlu]s] |
3rd multicast time

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Time (s)

Figure 29: Multi-channel/multicast implementatidrsi{ multicast finished, time=15s)

V= 15 Video Length s
Video file nnn = 3 Number of Channel
I S=Vik= 5 Chunk Size s
Three Chunk t=te= 1.5Mb/s
Time now 20  ISecond

Channel 1 |

Channel 2

2st multicast time

Channel 3

HEIEIEE |

3rd multicast time

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Time (s)

Figure 30: Multi-channel/multicast implementati@nd multicast finished, 3rd
multicast continuing, time=20s)

When client G joins to network at time =0 and requests the fegment of the
video, it immediately receives and displays segsehthunk 1. Then, it switches to
the next chunk until end of video. Under this coiodi, there are two options for

client G when it joins to network at timeg#0, where 0€<1, and requests the first
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segment. Firstly, it can wait for next multicashdasecondly it can join to current
multicasting for remain part of video and simultamgly receive missing portion

from: (a) other peers, (b) base station, and @)ypserver.

4.3 When Transfer Rate is More than Display Rate

Beyond 3G technology supports high data rate congatian. This type of network
provides high speed downlink for mobile client. Téfere, mobile client can enjoy
high QoS multimedia services. Consider a 7.5 Mbpsvnilink speed (J for
transferring a five second video file with MPEGt&(.5 Mbps) format. In this case,

the whole video file can be downloaded in one sdcon

5*1.5 Mbps= 7.5 Mbps

Therefore, we can download a 75 second video filend 25 (75/5=25 s) second.
So, next multicast will start 25 seconds aftertfinsulticasting. In this example
startup latency in worst case is 25 second. Inorgasumber of channels (multi
channeling) improves startup latency, but decread®snnel efficiency. Also,
channel assignment is more costly. Therefore, vapgse a multi channels/multi
video approach beside video locality techniquedaduce waiting time by storing

video in proxy server and BS side.

Figures 31-34 illustrate multicasting of five videover three channels. By dividing
video file over three channels start up latencydetay for next multicast is
D=V/k=75/3=25. As described before, a five secoittkwo file can be transferred in
one second. Therefore, 25 second video can be daded in 5 seconds. During
next 20 seconds the channel is idle. If there isther video file in media server for

multicasting, next multicasting will start immed#at. Otherwise, the channel is
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assumed to other files. For best results, it ismeuended to divide each chunk of
video file in sub chunks. For example we can ma#icfive sub chunks in five
different time slots, instead of multicasting théoke 25 second video stream at

once.

For example, consider client X joins to networktiate =6 and requests the first
segment of video one. Rather than waiting for m&ko multicasting in channel 2 at
time=25, the client joins to channel 1 and downotiee remaining part of video, and

concurrently requests the missing portion from grearver or BS.

Figures 31-35 show multicasting five video files=(86 sec for all) over three
channels. Each video accesses the channel at robimd manner and sends data.
Scheduling is done depending on video length, videality and transfer rate.
Assume each video has same quality. First videesses the channel during five
seconds ffty = 7.5/1.5 = 5 s). The client joins to channel ama receives data
during five seconds and plays video for 25 secohdthis case, a five second time
slot is assigned to each video. A small time sketrdases delay, but it has more

overhead.

The second and third multicast start after t=25 @®deconds. Depending on arrival
times a client joins to suitable channels and reedata. Following figures show

channel status in different time scales (e.g. i 5, 25, 50, 100 s).
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Videofilel [ 1|2 |3 |43 M|[72|73]|74(75 V= 75 Video Length (second)
Video file 2 1123415 .. T 2|73|74| 75 k= 3 Number of Channel
Videofile3 (1|2 |3 [4]5 7| 72(73|74|75 Nv= 5 Number of Video
Video file 4 - S=V/k= 25 Chunk Size (second)
Video fille 5 R ‘\§t§§:§§§\\\{\\§§\§
Time now I 5 Isecond
Detail of first chunk = 25 second
Logical channel 1 Video 1 |v1—25 |
Logical channel 2 w21 [v2-2| w23 [v2-4 |v2s Video 2 225 |
Logical channel 3 vad [va2|vaa|vase|vas Video 3 V325 |
Logical channel 4 w41 |v4-2|ve-3| va-4 | vas Video 4 425 |
Logical channel 5 w541 |52 | vsa|vs4 vs-sl Video 5 v5-25| |
Channel 1 10]15]20]25]30] 35 [20] 45 [50] 55 [60] 65 [ 70] 73] |
Channel 2 slwfis{2o]as]s0]35]40f4s]s0]s5[e0[6s [0 ... | Multi Channel
2nd multicast
Channel 3 5 [10]15[20[25] 30 [ 35 |40 [ 45 | 50 |55[60]65[70][75]...
3rd multicast
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 Time
Figure 31: Multi-channel /multi-video implementatiat time=5 s
Videofilel [1|2]|3 (4 (7273|7475 V= 75 Video Length (second)
Video file 2 k= 3 Number of Channel
Video file 3 Nv= 5 Number of Video
Video file 4 S=Vik= 25 Chunk Size (second)
Video file 5 §E\:§\:\§§\\\{§§§
Time now I 15 Isecond
Detail of first chunk = 25 second
Logical channel 1 Video 1 [v12s |
Logical channel 2 Video 2 w225 |
Logical channel 3 Video 3 ¥3-25 |
Logical channel 4 a1 [va-2|va-3|vas|vas Video 4 V4-25 |
Logical channel 5 5.1 |vs.2|v5.3|vse v5-5| Video 5 v5-25| |
Channel 1 [ JI] [ 20]25] 3035 40] 45 ]3035 [60]65] 7075 ] |
Channel 2 5 [10] 1520253035 [40[ 5[50 55 [ 60 [ & | 70| 75| ] Multi Channel
2nd multicast
Channel 3 s [10]1s]20]25] 3035 [ 404550 ss]eo]es[70]7s]. .
3rd multicast
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 85 9 95 100 105 110 115 120 125 130 Time

Figure 32: Multi-channel /multi-video implementatiat time=15 s
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Videofilel |1 ]|2]|3]|4]35 .- N |72|73[74]|75 V= 75 Video Length (second)
Videofle2 |1 |2 |3 [4 |5 e T[(72]|73|74(75 k= 3 Number of Channel
Videofle3 |1 |2 |3 [4 |5 . T 72|73 (7475 Nv= 5 Number of Video
Video file 4 S=V/k= 25 Chunk Size (second)
video fle 5 )M MMM —

Time now 25  Isecond

Detail of first chunk = 25 second

Logical channel 1 Video 1 [ |
Logical channel 2 Video 2 |
Logical chanel 3 | Video 3 |

Logical channel 4 Video 4 o
Logical channel 5 Video 5 |

Chamnel 1 [ O] ESNN 203505 [s0[s5]e0]es[0]5] |

Channel 2 s[wo]is]a0]2s]30]3s[e0]as]s0]s5[e0]es[0]5] ... | Multi Channel

2nd multicast
Channel 3 slw]is]20]2s] 30 35 [ 4045 [s50]s5]e0]6s|70]7s5]. .
3rd multicast
0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 Time

Figure 33: Multi-channel /multi-video implementatiat time=25 s

Video file 1 V= 75 Video Length (second)
Video file 2 k= 3 Number of Channel
Video file 3 Nv= 5 Number of Video
Video file 4 = = =5 S=Vik= 25 Chunk Size (second)
video fle 5 HMMMMMMMIMMDITIITIRY —

Time now 50 lsecond

Detail of first chunk = 25 second

Logical channel 1 Video 1 |
Logical channel 2 Video 2 |
Logical channel 3 Video 3 I

Logical channel 4 Video 4

Logical channel 5 Video 5 I
Chamnel 1 [ 0] EoNNL L =N S 606 0[5 ]

Channel 2 ENHEHPEBEEREEE Multi Channel

2nd multicast

Channel 3 s [10]1s]20]25 30 [ 35 [40 [ a5 [s0]sseofes[70]7s]. . |
3rd multicast

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 85 9 95 100 105 110 115 120 125 130 Time

Figure 34: Multi-channel /multi-video implementatiat time=50 s
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Videofilel [1[2 |3 4|5 006 N|72(73]|74|75 V= 75 Video Length (second)
Videofile2 [1[2 |3 4|5 . M| 72|73(74]75 k= 3 Number of Channel
Videofile3 [ 1 [2 |3 | 4|5 e N|2|713|M4[75 Nv= 5 Number of Video
Video file 4 S=V/k= 25 Chunk Size (second)

. _ TR N NN
Video file 5 NN RRRRE &Q\&&:\\Q

ey
NN

Time now I 100 Isecond
Detail of first chunk = 25 second

Logical channel 1 Video 1 . |
Logical channel 2 Video 2 I
Logical channel 3 | Video 3 I

Logical channel 4 === Video 4 o
Logea chae! IlTl] vides's ]

Channel 1 HE BNEE\ENEE

Channel 2 ﬁ — I Multi Channel

2nd multicast
Channel 3 HEEIEIE N
3rd multicast
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 Time

Figure 35: Multi-channel /multi-video implementatiat time=100 s

In wireless networks channel quality and QoS charigee to time. This is because
of interference, fading, jitter, client movementdacell density. Signal inference
between two or more frequencies decreases channalities. Therefore,
interferences cause a decrease in data rates.eR3guillustrates differences of two
cases. Two P2P communications (communication 1 @mmunication 2) are
started at the same time. Both P2P connectionssaage configuration (1Mb/s,
packet size 512 kb, number of packets 250, intevartime 0.004s), but each of
them work in different frequency band. As showrigure, before t =5 minutes both
communications have slower data rate (send/recef@r finishing communication

1, at t=5, the throughput in communication 2 igéased.
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Figure 36: Effect of interferences in wireless cammmation

In cellular networks, channels have minimum intenfee with each other.
Therefore, video can be multicast over multi chdsrad a client can receive a

video file by switching between channels.

Multicast Channel 1
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Figure 37: Result of multicasting video over thcbannels

Figure 37 shows a case for video multicasting diieze channels. There are two

ways for multicasting video over multi channel9.\(ghole video is multicast on one
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channel. Second multicast starts after d=V/k. Gljeims to channel and receives the
whole video segment by segment. (b) Depending enntimber of channels, the
video file is divided into multi chunks and eachuoh is multicast over one channel
periodically (SB). In this case, clients need tdtslw between channels to receive

video segments.

In multi-channel/multicast technique a client reesi data by switching between
channels. As illustrated in figure 38, by incregsithe number of channels,
throughput decreases. This is because of switcltongrhead and channel
interference. Therefore, multicasting over many ncieds is not recommended.

Practically, a multicast over two or three charleatls to better results.

Effect of multi-channel &throughput
100 3
90 e
R — o =
S 70 - ®
5 60
£
o 50
3 40
£ 30
20
10
0 >
1 2 3 4 5
Number of channels

Figure 38: Effect of multi-channel and throughput

QoS at the end user site depends on channel cgpbaitdwidth, and client buffer
size. If a client does not have enough buffer spam®ming video packets will be
lost. Furthermore, lower waiting time for bufferimgoming packets in client buffers

increases the number of stops during video plagod)oS decreases.
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Packet size is the other attribute that effecta dates. Increasing packet size up to
1472 bytes increases the data rate. Figure 39 stwmveesults of changing packet

size and the number of clients that use share ésnn

Effect of packe size & troughput

950000 5
S 900000 ——"
o
2
é 850000
2
800000
S v
3
= 750000
700000 >
512 640 768 896 1024 1152 1280 1408 1472

Packet size

Figure 39: Effect of packet size and throughput

Time between the video request and the displayiddovis defined as the response
time. Increasing number of interrupts during digplame decrease seeped up.
Therefore, speed up is effected by channel qualitydata rates. Three cases may be

considered here;:

v' Worst case- transfer data rate is less than display(t <ty)
v' Average case- transfer rate is equal with dispdde (t =tq)

v’ Best case- transfer rate is more than display(taté;)

Second generation cellular networks such as GSMnisexample of worst case.
These type of networks do not support high datasratProviding multiplexing
channels for worst case improves speedup, butnitoiee costly and consumes more

resources.
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Main advantages of multi-channeling technique &aee decrease of startup latency
and reducing the size of missing portion of videlssume that a one second video
file coded with MPEG-1 format includes 128 segmefftéength of video is V=15

seconds, it is multicast over one channel and sdieet X arrives after six seconds
(t=6) and makes a request for the video. It johesrnulticast channel and downloads
the remaining part of video. Also, it needs to reedhe missing portion of video

(6*128=768 segments) from other peers or BS. Brastilty same video over three
channels improves startup latency and decreasasuthber of missing segments. It
is because video length is divided into three epizé chunks. Therefore, when
client X makes a video request at time t=6, it gothe second multicast channel
which started one second before (chunk size 156)=&nd receives the remaining
part of video, simultaneously looking for 128 (18E228) missing segments from

other peers or BS. Table 5 shows the effects ofivandnneling on startup latency.

Table 5: Average of startup latency in differenaichels

Video size Tott)al Average of startup latency (s)
(Second) Number of " I X " - - |
segments| One channel|  Three channels  Five channels
15 1920 7.5 2.5 1.5
45 5760 22.5 7.5 3.5
75 9600 375 12.5 7.5

As shown in figure 40, increasing the number ofj@irency bands decreases delay. In
this way, a multi channel approach will be capatfiesupporting more clients that
make the same request. As mentioned in algorithm s&ction 3.2, new multicast
will be started if all existing channels are satetlaand requests for the same video

(in small period of time) reach the threshold resjueimber.
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Average of start up latency in multi-channels techigue

40 ¢
=¢==\/ideo size =15 s
35
=f=\/ideo size =45 s
30
— Video size=75s
(2]
% 25
g 20 N

15 \
10 \\ -

3
Number of channels

Figure 40: Effects of multi-channeling/multicast start up latency

One important issue in multi-channeling is theigbibf sharing channels with other
videos (only in best case) in order to use chanaphcity more efficiency. In this
approach, one channel is assigned to a specifaoviidl a certain time slot. If video
size is equal to V=15 s and transfer ratg=is/t5 Mbps, and video is multicasted on
three channels, start up latency and chunk sizeb&ib second. In general, MPGE
display rate is between 1.2 and 1.5 Mbps, therefioris possible to download 5
seconds of video files during one second, thencttenel is free during the next
four seconds and it can be shared with other fodeos. In fact, chunk size is
divided into equal time slots and is assigned ftedint videos. In such a case we
need to calculate videos and channels overhead.Wdy, each video can take more

time slots for transferring while there are not atiyer videos.

Video speed up is affected by transfer rate, dispdde, startup latency, and buffer
size. A high quality video needs a high data r@@pability of switching between
channels increases download rate in low data etienblogy. Patching and video

locality improve start up latency. Our proposed rapph for managing buffer
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contens attain: better resultcompared t LRU and FIFO algoritms. This technique
increass the probabiity of video locality which leas to speed uj Figure41 shows
the averageresult of our proposed algorith in 100 different simulation. Fewer

numbers of faults mean lter efficiency

Effeciency of cache management algorith

Number of fault

—— -
E—
] [E—
[—
[—
[—
[E—

LRU FIFO Our approac

Figure 4.: Result ofour algorithm compared with FIFO arLRU in 50 request:

Figure 41.indicate: tha: LRU techniques s more fault than FIFO anour proposec
approac. Althougt in some cass FIFO has a better ress, in long term simulatic,

our proposecapproach ibetter tharboth LRUand FIFO order

Video locality decreasethe response time and imprcs speed up. It is becau
downloading video from local server is faster thdownloading video fronthe
remote media server. Furthermoan individual access to mote media serve
increases core network traffic and caus bottleneck problem in storage and |
devices that wses to low efficiency. Figur42 showseffect of multicasting ove

multichannel with focusing of video locality whe=ty (average case



Speed up in multi-channel technique
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Figure 42: Speeds up in multi-channeling

Figure 42 indicates that multi-channel techniquereases speed up by reducing

startup latency and join clients to suitable chésne

Proxy server in BSC limits the number of requestsramote media server and
improves start up latency by forwarding requesisiftocal server which is closer to
the client. Figure 43 shows the effect of usingxgrserver in BSC and indicates that

video locality improves speed up.

Start up latency with/out proxy servers

3000 &
= without proxy server
& 2500 & :
£ \ == with proxy server
. \\
[&]
c
9 1500
t_ﬁ \
S 1000 H—
- —i il
8 500
(7))
0 >
1 2 3

Number of channels

Figure 43: Effects off using proxy server in cadluhetworks
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Chapter 6

CONCLUSION

In recent years broadcasting video over wirelessars has become more popular.
Various types of wireless networks provide real etinand non real time
communication such as voice, video, and data fobilmausers. Content delivery
latency as a part of QoS is an important issueea@h time communication. VoD in
wireless networks (especially in cellular wirelesgworks) enable users to request
and view the video anytime anywhere. Multicastiechhique is an efficient way that
supports VoD for clients when more clients requbst same video at the same or

closer time.

Speed up in cellular networks depends on both leelhetwork and core networks
(Internet) specifications. Also, mobile clients dée have enough memory space to
save more segments. Providing a proxy server atchipg mechanism improves
speed up by limiting the number of video requesimfrthe remote server.

Furthermore, multi channeling decrease start wmtat and increase speed up.

In general, bandwidth is limited in cellular netksy but video communication needs
more bandwidth. Latest versions of cellular netvgogskch as LTE may improve this
shortcoming but it is not popular yet. Furthermonew technologies need new
infrastructure and resources such as BS, anteppécation software, and also new

version of mobile devices.
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The main aim of this study is improving video ormaand efficiency in wireless
networks by focusing on multicasting/ patching tégbe, multi channeling, and
video locality. We try to improve VoD efficiency inurrently popular wireless
networks such as WLAN and 3G and beyond 3G cello&works. We improve
shortcomings of related work such as response tstatup latency and delay

limitations by focusing on three main points:

v/ Multi channeling and periodic broadcasting techriqu
v' Scheduled multicasting by increasing number of esju

v Proxy server and video locality

Also we provide a new algorithm for cache managemémecording to the

simulation results, our approach is better thah h&U and FIFO algorithms.

The main results of this study are:

* Multicasting many videos over multi channels imgastart up latency and
overcomes overflowing problem in high data ratevoeks.

* Increasing packet size up to 1500 bytes improvessvark efficiency.
However packet size bigger than 1500 bytes leatisater efficiency because
of packet fragmentation.

» Using proxy server in each BS is costly and in@easetwork complexity,
using proxy server in BSC (which is located in M3@proves speed up and
start up latency. Furthermore, this approach dsereare network (Internet)

traffic and overcomes remote media server bottlepeablems.
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Future Work

In this study we setup one proxy server for eacl BEhe number of BSC’s, in a
mobile network is related with the total numbemadbile subscribers. Contents of
each proxy server may be different from others. Mxy server does not find the
requested video in its own memory, it sends theuegsfjto other peers before
forwarding it to remote media servers. Another ideght be to form a P2P network
between BSC's. The architecture of such a P2P based servers is illustrated in

figure 44.

Media servers

88 o

PSIN | (2)
MSC

Proxy server /(_31) QProx_\' server (3)
of R l‘ Peer-to-Peer communication P \
/ SN between proxy servers

rd
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Figure 44: Peer-to-Peer communication based prexyes

Handoff is not considered in this study. When antliis moving from current cell
coverage area to enter another cell’'s coverage hesmloff occurs. In non-CDMA
networks neighbor cells use different frequency dsanSo the frequency band
changes during handoff. In CDMA networks, neighloetls may use the same
frequency band, so source and destination cellshraag the same frequency. In this

case there is no need for handoff.
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Appendix A: Programming code of my proposed algorihm for
cache management

#include <iostream.h>
#include <conio.h>
struct video{
int size;
v[100];
int memory=100; //MB
int req_order[50]={8,0,9,7,1,4,3,8,3,5,1,2,1,0,9,9,4,6,5,8,7,0,5,
3,3,9,3,0,4,7,7,1,2,4,0,9,7,6,4,5,8,7,0,1764%,
/*int req_order[50]={8,0,9,7,1,4,3,8,3,5,1,2,1,02,3,4,6,5,8,7,0,5,
3,3,9,3,04,7,7,1,2,4,0,9,7,6,4,5,8,7,0,17642%,
int req_order[50]={8,0,9,7,1,4,3,8,3,5,1,2,1,0,9,9,4,6,5,8,7,0,5,
3,3,9,3,04,7,7,1,2,4,0,9,7,6,4,5,8,7,0,1764%,
int req_order[50]={8,0,9,7,1,4,3,8,3,5,1,2,1,0,9,9,4,6,5,8,7,0,5,
3,3,9,3,04,7,7,1,2,4,0,9,7,6,4,5,8,7,0,17642%,
int req_order[50]={8,0,9,7,1,4,3,8,3,5,1,2,1,0,9,9,4,6,5,8,7,0,5,

3,3,9,3,0,4,7,7,1,2,4,0,9,7,6,4,5,8,7,0,1764},*/

int queue[100],front=-1,rear=-1;
void add(int x)

{

gueue[++rear]=x;

}
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int delet()

{

return queue[++front];

}

int exist(int x)

{

int f=0;

for(int i=front+1;i<=rear;i++)
if(queueli]==x)f=1;

return f;

}

void FIFO()
{
v[0].size=20;v[1].size=25;v[2].size=37;V[3].size=24].size=23,;
v[5].size=12;v[6].size=26;Vv[7].size=10;v[8].size=1P].size=18;
int i,j,t,count=0;
int empty=memory;

cout<<"\n\n----- e an e EE L \n";

cout<<"\n\n Faulted Videos usFIFO Strategy :\n\n\n";
for(i=0;i<50;i++)

{

if(lexist(req_order[i]))

{

if(v[req_order][i]].size<=empty)
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{
add(req_orderf[i]);
empty=empty-v[req_order][i]].size;
}
else
{
while(v[req_order][i]].size>empty)
{
t=delet();
cout<<t<<" "
empty=empty+v]t].size;
count++;
}
add(req_orderf[i]);
empty=empty-v[req_order]i]].size;
}
}
}

cout<<"\n\n\nVideo fault Count= "<<count;

}

void LRU()

{
int mem[50],m=0,used[50],count=0;

v[0].size=20;v[1].size=25;v[2].size=27;Vv[3].siz€23[4].Size=43;
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v[5].size=30;Vv[6].size=36,V[7].size=22;v[8].sizewfD].size=18;

intijtk;

int empty=memory;

cout<<"\N\N\N---------=-mm o m oo

cout<<"\n\n Faulted Videos @gsFIFO Strategy :\n\n\n";

for(i=0;i<50;i++)
{
int f=0;
for(k=0;k<m;k++)
if(mem[k]==req_order[i])f=1,;
if('f)
{
if(v[req_order[i]].size<=empty)
{
mem[m++]=req_order]i];
empty=empty-v[req_order]i]].size;
}
else
{
for(k=0;k<50;k++)
used[K]=0;
while(v[req_order[i]].size>empty)
{
if(i>10)k=i-10;

else k=0;
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for(j=0;j<m;j++)

{

for(t=k;t<i;t++)

if(mem[j]==req_order]t])

used[j]++;

}

int min=0,h=1,

while(h<m)

{

if(used[h]<used[min]) min=h;

h++;

}
t=mem[min];
for(h=min;h<m-1;h++)mem[h]=mem[h+1];
m--,
cout<<t<<" "
count++;
empty=empty+v]t].size;
}
mem[m++]=req_order]i];
empty=empty-v[req_order]i]].size;
}
}
}

cout<<"\n\n\nVideo fault Count= "<<count;
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void kalan()

{

int mem[50],m=0,used[50],count=0;
v[0].size=20;Vv[1].size=25;v[2].size=27;V[3].Size23[4].Size=43;
v[5].size=30;Vv[6].size=36;V[7].size=22;v[8].sizewfD].size=18;
int i,j,t,k;

int empty=memory;

cout<<"\N\N\N---------mmmmmmmm oo

cout<<"\n\n Faulted Videos @gsFIFO Strategy :\n\n\n";
for(i=0;i<50;i++)
{
int f=0;
for(k=0;k<m;k++)
if(mem[k]==req_order[i])f=1,;
if('f)
{
if(v[req_order[i]].size<=empty)
{
mem[m++]=req_order]i];
empty=empty-v[req_order]i]].size;
}

else
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for(k=0;k<50;k++)
used[K]=0;
while(v[req_orderli]].size>empty)
{
float Alfa=0,cost[20];
for(k=0;k<m;k++)
Alfa=Alfa+(float)v[mem[K]].size;
Alfa=(float)Alfa/m;
for(k=0;k<m;k++)
cost[k]=(100*Alfa)/v[meml[k]].size;
if(i>8)k=i-8;
else k=0;
for(j=0;j<m;j++)
{
for(t=k;t<i;t++)
if(mem[j]==req_order]t])
used[j]++;
}
int prt[10];
for(j=0;j<m;j++)
prt[j]=cost[j]+used[j];
int min=0,h=1;
while(h<m)
{
if(prt[h]<prt[min]) min=h;
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h++;

}

t=mem[min];

for(h=min;h<m-1;h++)mem[h]=mem[h+1];

m--;
cout<<t<<" *;
count++;
empty=empty+vit].size;
}
mem[m++]=req_order]i];
empty=empty-v[req_order][i]].size;
}
}
}

cout<<"\n\n\nVideo fault Count= "<<count;

cout<<"\N\N\N---------mmmmmmmm oo

}

main()
{ clrscr();
FIFO();
LRU();
kalan();

getch();
}
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