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Motivation — WIMAX growth trends

= In 2007: 100+ carrier trials were planned worldwide *

= In 2008: 133M WIMAX users by 2012 **
198% compound annual growth rate to 2012 ***

= In 2009: 460 fixed & mobile WIMAX deployments **
800M users by 2010 *
1.3B users to have WIMAX access by 2012 ****

* OPNETWORK 2007. www.opnet.com/opnetwork2007.
** WIMAX forum. www.wimaxforum.org/news/pressreleases.
*** Telecom Application Report 2008. www.researchandmarkets.com.
**** Intel - WIMAX Subscriber Growth. www.wimaxday.net.
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Project objective

= To stream bandwidth intensive, delay sensitive, video
content representative of Video on Demand services
over Mobile WIMAX to exploit potential throughput,
delay, and mobility limitations

Internet /
Intranet

PTV and VoD Servers

| Video Content | ¢ — — ——— » | Video Content |
MPEG-X e » MPEG-X
RTP / RTCP et et » | RTP/RTCP
Stored Video upP e T T T > uDP
IP -« > IP - ————» IP -+« —» IP
MAC «+| MAC | «————» | MAC | «—» MAC
PHY <% | PHY 4«—-———» | PHY > PHY
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Project scope

= Enhance an existing OPNET model from previous work *

RTP

Upgrade model from OPNET 12.0.A to 14.5.A
Generate and integrate audio component

Refine performance metrics

Enhance protocol stack - Real Time Protocol (RTP)
Design, integrate, and optimize WIMAX mobility
Design and characterize WIMAX MAC and PHY

Due to stability issues after the upgrade process, an
entirely new OPNET model was created for this project

Real Time Protocol MAC  Media Access Control PHY Physical

*W. Hrudey and Lj. Trajkovic, “Streaming Video Content Over IEEE 802.16 / WIMAX
Broadband Access," OPNETWORK 2008, Washington, DC, Aug. 2008.
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Video content iIs ...

= digital audio and visual information from sitcoms, newscasts,
sporting events, movies, etc.

= streamed from Internet Protocol TV (IPTV) and Video on Demand
(VoD) services hosted in an Internet / Intranet Data Center (IDC)

= delivered to video subscribers over an IP network

= organized as frames which are then compressed and encapsulated
by lower layer protocols

= Ccharacterized by video resolution, color depth, compression scheme,
number of audio channels, frame rate and frame size

= Video coding schemes exploit temporal and spatial characteristics
= Vvarious standards and codecs - ITU H.26x and 1ISO MPEG-x

IPTV Internet Protocol TV VoD Video On Demand
IDC Intranet Data Center ITU International Telecommunications Union
MPEG Motion Pictures Experts Group
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Video format examples

=nl.

Format VCD SVCD DVD HDTV DivX RM MOV
Resolution | 352x240 | 480x480 | 720x480 | 1920x1080 B640x480 | 320x240 | 640x480
352x288 | 480x576 | 720x576 | 1920x720

Video MPEG-1 MPEG-2 | MPEG-1 | MPEG-2 MPEG-4 | RM MPEG-4
codec MPEG-2
Video 1.15Mbps | 2ZMbps S5Mbps 20Mbps 1Mbps 0.35Mbps | 1Mbps
bitrate
Audio MP1 MP1 MP1, MP1, MP2, | MP3, RM MP3
codec MP2, AC3, DTS, | WMA,

AC3, PCM AAC,

DTS, AC3

PCM
Audio 224kbps 224kbps | 448kbps | 448kbps 128kbps | 64kbps 128kbps
bitrate

VideoHelp Forum [Online]. Available: http://www.videohelp.com/oldguides/comparison.
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Video streaming characteristics

= Video content is marginally loss tolerant yet delay sensitive

constant bit
rate video

client video

g evl . constant bit
ke transmission reception rate video
.g | playout at client
= 1 variable
E— network
3 delay
client playout time
elay

J. Kurose and K. Ross, Computer Networking: A Top-Down Approach, 4/e. Boston,
MA: Pearson/Addison-Wesley, 2008.
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Real Time Protocol overview

RTP Real Time Protocol IP Internet Protocol

= RTP is widely used in IP video transmission systems * **

bit 0 8 16 24 32
| J | | J | J | J J J
V(2 %gﬁﬁ Mpayload type sequence number
timestamp

synchronization source identifier (SSRC)

contributing source identifiers (CSRC) ';%
____________________________________ "

T payload (audio,video,...) I
0x00 ';%

* H. Nyberg, C. Johansson, B. Olin, “A Streaming Video Traffic Model for the Mobile
Access Network,” IEEE VTC 2001, Sep. 2001, pp. 423 — 427.

** T. Ahmed, G. Buridant, A. Mehaoua, “Encapsulation and Marking of MPEG-4 Video
Over IP Differentiated Services”, Proc IEEE ISCC 2001, Sep. 2001, pp. 346 — 352.

May 19, 2009
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Real Time Protocol ...

RTP Real Time Protocol UDP User Datagram Protocol IP Internet Protocol

= does not reserve bandwidth, guarantee delivery or end to
end delays

= provides timestamps for jitter calculations and sequencing
for packet loss and out-of-order detection

= encapsulation is only seen at the end systems

P gfiﬂ %Edﬁ' ETP Video Payload

Header audio and video
are encoded
separately *

P UDP _ %Ed&"i’ ETP Aundio Paylcad

Header Heades

* Real time protocol RFC 3550 [Online]. Available: http://tools.ietf.org/html/rfc355
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i WIMAX overview

= Worldwide interoperability for microwave access

= Line of sight (LOS) and non-LOS communications

= All IP network architecture

= Point to point, point to multipoint (PMP), and mesh modes

= Connection oriented MAC layer — support for real time services
= High throughput rates

= 1.25 — 20 MHz channel bandwidths

= Mobility — with vehicular speeds up to 120 kph

= Multiple PHY access schemes: SC, OFDM, and SOFDMA

= Multiple duplexing schemes: TDD and FDD

= Advanced antenna systems (AAS): beam forming, STC, and SM

LOS Line of Sight NLOS Non Line of Sight AAS Advanced Antenna Systems PHY Physical
PMP Point to Multipoint  SC Single Carrier OFDM Orthogonal Frequency Division Multiplex
SOFDM Scalable OFDM TDD  Time Division Duplex FDD Frequency Division Duplex

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 14
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i WIMAX system options

PHY Options MAC Options I Licensed Unlicensed Architecture Advanced Features
25&-2FDM PHS 2.3GHz 5.3GHz P-P SubjChanneIization
: 7
Scalable OFM ARQ 2.5GHz 5.8GHz PNP Advance Antenna
128 i o 2t STC/Diversity
256 \Ii@over 3,5e|-|z Mes/h/ Beamforming
512 X == Spatial Multiplexing/
1024 QoS: 4.9G|‘|\A\ / MiMO
2048 UGS, rtPS, | T
FrtPS, nrtPs, \ \*4 - : Advanced Security
Single Carrier BE = /
Pod
CTC & LDPC
FEC

R. Golshan, Fixed and Mobile WiMAX Overview [Online]. Available:
www.fujitsu.com/downloads/MICRO/fma/pdf/esc_ wimax06.pdf
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i WIMAX standards

= IEEE 802.16 (2001)
= 10 — 66 GHz line of sight (LOS) operations

= |EEE 802.16¢C (2002)

= amended system profiles

= |IEEE 802.16a (2003)
= 2—11 GHz non LOS (NLOS) operations

= |EEE 802.16d-2004 (informally known as Fixed WiMAX)
= replaced all previous releases

s |[EEE 802.16e-2005 (informally known as Mobile WiMAX)

= Mmobility amendment
LOS Line of Sight NLOS Non Line of Sight

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 16



ﬁ WIMAX reference model '

JT1d / OV

AHd

Network Functionalities and Services

Convergence Sub-Layer (ROHC) H-
lmﬂmmmmmmmmﬂﬂm

ARD Handoff tddle Mode Protocol

Sleep Mode Protecal MBS

5
RRH[RLC Qo

Uppcr MAC Sub-Layer

Ranging [Access) Scheduling

Framsng. Control &
5 ling QoS MBS

Lower MAC Sub-Layer

PHY Protocol (FEC Coding, Signal Mapping, Modulation, MIMO processing, ebc.)

Pihvsmal Layer

e N T e e H e e .; i N e oo 1 A o B ) (AL L ek

Intel — S. Ahmadi, Introduction to mobile WiMAX Radio Access Technology - PHY and MAC
[Online]. Available: http://www.mat.ucsb.edu/~ggroup/ahmadiUCSB_slides_Dec/.pdf

May 19, 2009
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i WiMAX MAC QoS

= Service classes characterized by QoS parameters
= UGS, rtPS, ertPS, nrtPS, and BE schedulers
= Min reserved and max sustainable data rates
= Mmax latency and jitter tolerance
= traffic priorities
= Service flows (SF) are an instance of service class
= carry unidirectional traffic
= mobiles can have multiple service flows
= can have unigue MCS, MTU, retransmission scheme

UGS Unsolicited Grant Service rtPS real-time Polling Service ertPS enhanced rtPS  BE Best Effort
SF Service Flow MCS Modulation and Coding Scheme MTU Max Transfer Unit

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 18
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i WIMAX MAC AMC

= Adaptive Modulation and Coding (AMC)

= as channel conditions degrade, adaptively downgrade

modulation to a lower order, more robust scheme

Modulation | Bits per Baud | FEC | Spectral Efficiency Receiver SNR
Rate {bpsiHz) {dB)
¥a 1 3]
CIPSk 2
Fa 15 3
¥a 2 105
16-CIAM 4
Fa 3 14
¥a 3 16
23 4 18
G- 1AM 4]
Fa 45 20
s a 22

* IEEE Std. 802.16e-2005: Part 16: Air interface for fixed and mobile

broadband wireless access systems
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PHYsical access schemes

SCa

[ EE

single wideband carrier

OFDM
User 1

data sub carrier I
pilot sub carrier

OFDMA

User 1
User 2
User3

data sub carrier

pilot sub carrier

SC  Single Carrier OFDM  Orthogonal Frequency Division Multiplex SOFDM Scalable OFDM

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 20
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Orthogonal Frequency Division Multiplex™

= OFDM is a multicarrier modulation scheme

= transmits data over multiple tightly spaced orthogonal subcarriers
= Subcarrier organization

= data subcarriers — transport of data symbols

= pilot subcarriers — channel estimation

= guard (null) subcarriers — spectrum shaping

Pilot
Data DC _— Sub-carriers
Sub-carriers Sub-carrier /
A N LA [ Vo
v Guard

AAAAAAAAALL iHHLII.IHHHHi:JL AAAAAAAAALAL AL Ad Sub-carriers

" ¥

ettt ittt

R. Golshan, Fixed and Mobile WiMAX Overview [Online]. Available:
www.fujitsu.com/downloads/MICRO/fma/pdf/esc_ wimax06.pdf
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Time division duplex (TDD) frame °

OFDM  Orthogonal Frequency Division Multiplex
OFDM Symbol Number

MN-1

2
E
S
=z
=)
o
-
[
E
©
L
O
fe)
S
w

Fast Feedback (CQICH)

Downlink Subframe 4Guard Uplink Subframe —:I

R. Golshan, Fixed and Mobile WIMAX Overview [Online]. Available:
www.fujitsu.com/downloads/MICRO/fma/pdf/esc_wimax06.pdf
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Effective PHY throughput rates ‘

5 MHz Channel 10 MHz Channel
Mod. | CodeRate  Downlink Uplink Downlink Uplink
. Rate, Mbps  Rate, Mbps Rate, Mbps Rate, Mbps
QPSK 12 CTC, 6x 0.53 0.38 1.06 0.78
1/2 CTC, 4x 0.79 0.57 1.58 1.18
12 CTC, 2x 1.58 1.14 3.17 2.35
12 CTC, 1x 3.17 2.28 6.34 4.70
3/4 CTC 4.75 3.43 9.50 7.06
16QAM 1/2 CTC 6.34 4.57 2.67 0.41
3/4 CTC 9.50 6.85 19.01 14.11
64QAM 172 CTC 9.50 6.83 19.01 14.11
2/3 CTC 12.67 9.14 25.34 18.82
3/4 CTC 14.26 10.28 28.51 21.17
5/6 CTC 15.84 11.42 31.68 23.52

QPSK  Quadrature Phase Shift Keying QAM Quadrature Amplitude Modulation  CTC Convolutional Turbo Code PHY Physical

WIMAX forum — Mobile WIMAX — Part I: A Technical Overview and Performance Evaluation
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RTP analysis

= Analyzed OPNET voice application and its interface to lower layers
= comprised of two process models (client-client architecture)
= uses RTP
= uses H.323 out-of-band signaling

= Analyzed OPNET video conferencing application

= comprised of two process models (client-client architecture)
= Video calling process model (—~ 1900 lines of code)
= Vvideo called process model (—~ 1700 lines of code)

= uses TPAL (transport adaptation layer) instead of RTP
= uses in-band application layer handshaking instead of H.323
= Analyzed OPNET RTP module — API and process models

RTP Real Time Protocol TPAL Transport Adaptation Layer APl  Application Programming Interface

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 25
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RTP design approach

= Localize changes to the OPNET video conferencing
process models

= Process models define the behavior of a module by
using finite state machines (FSM)

= FSM uses states and transitions to determine
appropriate action in response to a given event

= process models comprised of ProtoC code blocks
= State enter and exit executives
= header, function, diagnostic, and termination blocks

= Replace existing TPAL interface with RTP

FSM  Finite State Machine TPAL Transport Adaptation Layer RTP Real Time Protocol

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 26



Video calling process model '

RTP Real Time Protocol

Modify receive logic to use RTP receive call and
initialize frame send/recy counters to zero

Create annotated statistics, initialize new RTP

session flag, open RTP session and validate RTP
session handle (default)
™

Create an RTP stream within RTP session
and modify SETUP message transmission
to used RTP packet transmission.

Modify send logic call to use RTP call and
increment video send frame counts

Remove RTP stream(s) and close
RTFP session, then update RTP
session flag.

781

Modify reception logic to use RTP receive
call. Update statistics if video frame.

If received CLOSE-CONFIRM message,
close RTP stream(s) and close RTP
session. Update RTP session flag.

Modify CLOSE message transmission call to
use RTP packet transmission.

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 27



Video called process model '

RTP Real Time Protocol

Modify receive logic to use RTP.

If received SETUP, then create stats,
create RTP stream and modify send
logic to use RTP.

Initialize frame send/recv counters

Modify send logic to use RTP and
increment video frame send count

Register with RTP

(default)

Modify logic, once a

connection is established, to
retrieve RTP session handle

May 19, 2009

Modify receive logic to use RTP

Modify send logic to use RTP if / when
receive CLOSE command from other end

Increment receive video frame counter

Streaming Video And Audio Content Over Mobile WiMAX Networks 28



RTP calling model design revisited -

RTP Real Time Protocol

restructure logic

(defauli)

[ receive |

£

Sy
o187 S vl (defauld)
|

I #

(ABORT, || CLOSE) , (SEMD_CLOSE)
]

|
|
|
. ]
L I

I

I

I

I

. i

(IMIT_FAIL ™, j (SETUP_FAIL) .

* [

I

I

I

|

O modified state
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Audio streaming component

= Extract soundtrack from Matrix Il into VBR format
= Stream audio to client while capturing network trace

1=
Header

UDP  |RODT ,
Header | Header | Audio Payload ] —_—
_—{ Network sniffer

process network
trace and import

into Modeler
testbed Realnetworks - Realnetworks
Helix Server 12 Realplayer 11.0.7
Matrix lll audio | - —-—-—-—-—-—-————————— » | Matrix lll audio
ROT e > ROT
UDP - —————————— > uDP VBR Variable Bit Rate
P P > T= RDT RealNetworks Data Transport
MAC e > MAC
PHY e > PHY
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Matrix 11l video content traffic load

E -
5
4 I
7] .
_E- . i Video
= . U 25 fps
1 HE] b
0
1 01 1001 1501 2001 25071 3001 35071 4001 4501 5001 5501 6001 BS0O71 7001
Time (s)
215 -
210
i ] |
209 bt L e Tl i Ll | |
o 200 Audio
g 1% 21.6f
= {og +—HHE3 . ! ! ! | .6 fps
185
180
175
1 501 1001 1501 2001 2501 3001 2501 4001 4501 5001 5501 G001 6501 7001
Time (5) fps frames per second

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 31



=nl.

Performance metrics

= Packet loss ratio: # of lost packets to total packets
= target: < 1073
= Delay: average time of transit
= processing + propagation + queuing delays
= target: < 400 ms
= Jitter: variation in packet arrival time
= actual reception time — expected reception time
= target: <50 ms
= Throughput: minimum end-to-end peak transmission rate
= video stream: 5.1 Mbps
= audio stream: 0.211 Mbps

May 19, 2009 Streaming Video And Audio Content Over Mobile WiMAX Networks 32



i WIMAX mobility ‘

= Mobile station (MS) travels 50 km/h for 74 km trip
—

s
North Vifkguver
Park Royal *5

JDeep Cove
JBelcara

*Lower CapilanoXH
Seymoukdeights,®

Port Coguitlam

_Buruullam . o Blrnaby.
\\.z\saum Burnak oy,
e /f\ Pogagammondym——_ a aHaney
New'Westminster ; . ot
. Pitt € et Maple Ridge District Municipality

Queensborough
Plum Richmond®

Richmond
-

2 Milner
.
Surrey
S—— sEort Langley

_ |

[=]
Bl5

Delorme StreetAtlas 2007
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i WIMAX network topology design  °

e
e ]
= | AX backbone oSNl
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Mobility design details

= Twenty five base sites (BS) located across 75 km
= BS-BS spacing of 3.0 km
= Vehicular pathloss + multipath channel fading model
= Multiple cascading scanning interval definitions
= Scanning thresholds: 5 dB, 2 dB, O dB
= as SNR degrades, scanning interval increases
= ASN architecture for L2 / L3 handover
= Frequency reuse scheme of one

= each BS uses different subchannel to subcarrier
mapping to minimize co-channel interface (CCI)

CCl Co-Channel Interference BS Base Site SNR  Signal to Noise Ratio  ASN  Access Service Network

May 19, 2009 Streaming Video And Audio Content Over Mobile WiIMAX Networks 35
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i MAC design parameters

= Two service classes: Silver DL / Silver UL
= I'tPS scheduler
= Mmin reserved data rate: 1.0/ 0.384 Mbps
= max sustained data rate: 6.0/ 1.5 Mbps
= Streaming video traffic mapped to ToS code
= Service flows (SF) configured in each direction
= each SF I1s mapped to the same ToS code
= Base station SF buffer set to 256 KB

MAC Media Access Control rPS real-time Polling System ToS Type of Service SF  Service Flow

May 19, 2009 Streaming Video And Audio Content Over Mobile WiIMAX Networks 36
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PHY design parameters

PHY  Physical SOFDMA Scalable Orthogonal Frequency Division Multiplex TDD Time Division Duplex
DL Downlink UL Uplink PUSC Partially Used Sub Carriers MS  Mobile Station BS Base Station

= Operating frequency: 3.5 GHz
= SOFDMA access scheme
= Time division duplex (TDD)
= DL/UL ratio 3:1
= Distributed PUSC subchannelization scheme
= MS transmit power / antenna gain: 27 dBm / 5 dBi *

= MS antenna height: 1.5m
= BS transmit power: 43 dBm ** / 15 dBI
= BS antenna height: 32 m

* RedMAX 4C RPM [Online]. Available: www.redlinecommunications.com.

** RedMAX 4C SC-1000 Mobile WIMAX Base Station [Online]. Available:
www.redlinecommunications.com.
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PHY design characterization matrix
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PHY Physical STC Space Time Coding MIMO Multiple Input Multiple Output SISO Single Input Single Output
HARQ Hybrid ARQ

ARQ Automatic Repeat Request

Channel Bandwidth (MHz) [ Frame Duration (ms) | Advanced Antenna Systems| ARQ scheme

none

2 none [S1S0) AR HARD
hone

5 STC 2x1 Mk ARD / HARD
hone

. none (SS0) ARC [ HARGD
none

STC 2%1 WIk0 ARD / HARD
none

2 none [S1S0) AR HARD
hone

F STC 2x1 MM ARD / HARD
none

. none (SIS0) ARC [ HARGD
none

STC 2x1 Mk ARD / HARD
none

2 naone [SIS0) AR HARD
none

) STC 2x1 MM ARD / HARG
none

. none (S150) ARC [ HARGD
none

STC 2x1 MIk0 ARD [ HARD
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Channel bandwidth OFDM design

OFDM  Orthogonal Frequency Division Multiplex

DL

May 19, 2009

OFDMA Orthogonal Frequency Division Multiple Access

Downlink UL Uplink
System Parameters Values
=vstem channel bandwidth in MHz 5 fi 10
sampling factor [ n | 1.12 1.14 1.12
Sampling frequency in MHz [ Fs ] 5.60 5,00 11.20
Sample time (ns) [1/ F4] 178.6 125.0 g9.3
FFT Size (Meer) 512 1024 1024
Sub carrier frequency spacing (kHz) 10.54 781 10.94
Useful symbal tirme (ps) [Ty ] 91 .4 1280 91 .4
Guard time {ps) [ Ty ] 11.4 16.0 11.4
COFDMA symbal duration (ps) [ Ts ] 1028 144.0 1029
Frame duration {ms) 5 g 5
Mumber of OFDMA symbaols 45 34 45
Mull subcarriers |eft 45 = =
Mull subcarriers right 45 = =
DL Data subcarriers 360 720 720
Filot subcarriers B0 120 120
subchannels 15 30 30
Data subcarriers / subchannel 24 24 24
Mull subcarriers |eft = a9 a2
Mull subcarriers right 52 = =
UL Data subcarriers 272 EE0 AE0
Filot subcarriers 136 2a0 280
Subchannels 17 35 35
Diata subcarriers { subchannel 16 16 16

=nl.
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Adaptive Modulation and Coding

DL Downlink UL Uplink BER Bit Error Ratio SNR Signal to Noise Ratio

= Same configuration for UL and DL
= Entry thresholds reflect receiver SNR *
= Modulation curves approach BER of O for SNR

Mandatory Exit Threshold | Minimum Entry Threshold | Modulation and Coding

(dB) (dB)
-20.0 5.0 LDPSK 12

74 8.0 CPSK 3/

10.4 10.5 16-04M 152

13.5 14.0 16-04AM 3/

15.9 16.0 Bd-CLAR 172

17.9 158.0 Bd-CIAR 243

19.9 20.0 B4-CAR 344

219 22.0 B4-CIAMN S5

* IEEE Std. 802.16e-2005: Part 16: Air interface for fixed and mobile
broadband wireless access systems
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Model topology '

VoD IDC Dt

VoD Video On Demand IDC Intranet Data Center
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RTP - isolated streaming test

RTP Real Time Protocol fps frames per second MS Mobile Station

= Video content streamed for 10 seconds using two streams
= Each stream uses 500 byte packets at 1 frame per second (fps)

B Annotstion: Mobile_1_1-=%oD Server (Fixed dusl streams - 500 byte frame sizes - 11ps - 10s/500B_1 fps _incoming)
RTP.Tratfic Received (packetz/zec)

5 .
COMMECT + 15t wideo frame for video stream and COMNMNECT + 15t audio frame for audio stream
4 "
Znd video frame + 2nd audio frame 10th wideo frame + 10th audio frame
3
: . . MS received
1 T
CLOSE-COMFIRM for each stream RTP paCket
Qi o g . .
B Annotation: top-='oD Server (Fixed dual streams - 500 byte frame sizes - 1fps - 10350081 fps_incaming) rate StatIStI CS
5 RTP.Traffic Sert (packetzizec)
SETUF + spurious frame for wideo stream and SETUR + spurious frame for audio stream
4 B
3
CLOSE for each stream
2
4
j4—=—= = = 5 = = = = = = = = =% = = = = = = = = % = = = = 4
a0 55 (=11 E5 o 75 a0

time (=ec)
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RTP - Matrix 11l streaming test

RTP Real Time Protocol fps frames per second MS Mobile Station

7 N\
(erd)
'.!:,_.- rl .
\\ § ,:J

= Video On Demand server — packet rate statistics over time

30

20

10

30

20

10

&0

40

20

May 19, 2009

W Annotation: Mobile_1_1-=%oD Server (MatrixMatrix audio stream)
RTP . Traffic Sent (packetzizec)

B Annotation: Mobile_1_1-=%oD Server (Matrixhatrix video stream)
RTP.Traffic Sent (packetsizec)

Video Conferencing Traffic Sent (packetzizec)

1,000 2,000 3,000 4,000 5,000 5,000 7,000

&,000
time (sec)

audio
21.6 fps

video
25 fps

~ 47 fps

Streaming Video And Audio Content Over Mobile WiMAX Networks
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i WIMAX mobility — handover test

= Streaming  :s

YWideo Conferencing . Traffic Received (packetsfzec]

=nl.
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= Validation

= Simulation results

= Project challenges

= Closing comments

= References
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Simulation results
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= Introduction

= Technological overview (video content, RTP, WIMAX)
= Design and implementation

= Validation

= Simulation details — results finalized in early June

= Project challenges

= Closing comments

= References
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Challenges

RTP Real Time Protocol L2 Layer2 L3 Layer 3

= RTP
= No relevant internal design documentation
= Vvarious internal modeler bugs

= troubleshooting multiple streams issue
= Simulator internals very complex

= Mobility
= Unacceptable packet loss with MobilelP
= ASN configuration for L2 / L3 handoff
= MS forced disconnects from BS

= Limited technical support available for advanced Modeler
modifications and configurations

= modeler HARQ bug - SPR-127241
= upgraded again from 14.5.A to 15.0.1 — bug still present
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Closing comments

= To date, the project has been ...
= rewarding
= diversified - broad range of enhancements
= time intensive

= All enhancements were successfully completed

= Results are very encouraging

= 50 % of the scenarios met or exceeded the
specified performance measures

= ARQ / HARQ and MIMO provided significant
performance improvements

=nl.
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