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What is the Mobile and Wireless
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Frequency Based System ((9))

Mobile Phone GSM or 3G &

SM or 3G Mobile Phone
Global Network
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Wireless Network PDA

WiFi Or WiIMAX Wireless Network
Q IP Based WiFi Or WiMAX
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Internet Protocol (IP) Based System
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What is the Mobile and Wireless

Communications ?
Very high

Fiber

Speed xDSL
Per  high
user
UMTS/TDD
Satellite TD-SCDMA*
Medium
Mobility
—
i L]
J B 4 :
* FLE:500 B 55 4 é
—ial’ High-end Mainstream
Devices PC Laptop PDA mobile phone mobile phone
Location Home office Hotspots Hot zones Global coverage
Scenarios “Fixed" “Park and connect” “Always on” “On the move”

Time-division synchronous code-division multiple access
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What is the 3G Vs. (WIMAX & WiFi) ?

3G WiMAX  WiFi
0\ owtsr  High  Medium Low

\uliiass  High ~ Medium Low

Data Low  Medium High
Rate

Cost High  Medium Low

High High Low

Price per Bt '

Source: Operator spending on WiMAX 2006-9, Rethink Research

Associates

Are Both of them Going toward 4G ?
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What is the Wireless Convergence ?

WiIMAX-OFDM Base SS2
Station SS1
L1 SSi | WIMAX Subscriber Station I_ QPSK
SS3 16QAM
64QAM
| WiFi| WiFi -IEEE 802.11a,n I_
“WiMAX- SSk
64QAM) 64QAM Coverage area BS-WIMAX-OFDM SS5
16QAM Coverage area
QP~ N .
Coer A WiFi device try \ | : o
to join a WiMAX But, the WiFi can not join the
Network WiMAX Network, because of some
differences

The Convergence is a smart modification in the WiFi PHY or MAC layer

to enable the WiFi devices to join the WiMAX wireless network
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“Sitigle Carrier Wireless Convergence
Challenges

Step1:IEEE Standards Investigation
s WiF1 = IEEE 802.11
» WIMAX = IEEE 802.16

Step2:Differences
= Frequency Bands
= Synchronization
= Protocol Matching
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First different: Frequency Bands
Solution : Frequency Conversion

Ampliitude WIMAX Single
A Camies Frequency
) SQA@{\ //‘%\
> \ h\\ . - = Frequency
IEEE802.11b,g =2.4 GHz Wireless MAN SCa
IEEE802.11a =5 GHz IEEE802.16 Below 11 GHz
A Frequency Converter

The Converted
WiFi Signal +
SCa WiMAX

= Frequency
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Second and Third Different: Synchronization and Protocol Matching
Solution :
Interpose an extra thin layer in both WiFi &WiMAX-Single Carrier sides

Higher
Layers
- iAC
HY
. >
Downlink
WIMAX -5C WiFi Side
Base Station Side
T oadTe

WiMAX side thin layer iV:;n‘csl:g:;e -
is i chazgely . Synchronization
Protocol Matching
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Technical Solution — Linux

The Svstem Call Interface L

> G0

Under Linux — Kernel 2.6 (Open Source)

CISCO Wireless Network Device Driver (C-Code , 26000 lines)
Programming Language is C (There is no OOP)

I have joint a two days Microsoft workshop in Birmingham.
They helped us to work under Windows XP, using WDK.

Concurrency, Virtual Files and dirs: Ttys & eatures

multitasking memory the VFS device access Connectivity implemented
5 I 5 :’ File system ’ Character Network
RERes des . subsystem

The ThlIl Layer Role st somwae | External Driver
Controller (Tx/Rx Function) | """ (Thin Layer)
Listener ol ., @
Pre-Knowledge
Synchronization —

Calculate The WiFi Bursts i“f‘,‘f"::“

features implemented as modules
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v’ Multi Carrier (OFDM): WiMAX-Fixed (OFDM-256) and WiFi-OFDM-64 have
been selected to achieve the multi-carrier convergence.

v The mismatch hetween the fixed WiMAX-OFDM (Nfft=226) and the WiFi-OFD M

Wireless Convergence Multi-Carrier
(OFDM - Orthogonal Frequency Division
Multiplexing ) Challenges S
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v’ The proposal does not suggest changing the standard itself but modifying some
functions to be configurable

Nused/2
§(¢) = Re! ej2mfit Z C, . eJ2mHAf(t=Tg)

k=—Nysed/2
\ k%0 /

This equation underpins the design of the proposed
convergence bridge.

~"
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The WiMAX and WiFi OFDM Equations:

A General OFDM Signal
.
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WiFi-OFDM-64 Signal (

Nused/z

)

k=—Nysed/2
k0

+26

5, () = Re { el*®lat 2 Cy,

WiMAX OFDM-256 Signal [

S5(t) = Re gl2Ble:t Z C;, .e/2TEA2 0 Tg2)

\

k=-26
k+0

+100

k=-100
k+0

el2mkAfi(t=Tgy) \

\

Cp . e J2TKAf(¢=Tg)

M~

J

\

J

\

J

s



Part Two — Wireless Convergence —Multi Carrier (OFDM)—

Crzierndes

WIiFi-OFDM WIMAX-OFDM
A 256 Sub-Carriers

Amplitude

64 Sub-Carriers

20MHz Bandwidth 3.5MHz Bandwidth

312.5 KHz Sub
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RF carrier, Bandwidth, Guard Time, FFT samples and the OFDM duration are
the main issues for those physical layer differences that should be harmonized.
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What is the OFDM Convergence Bridge

v'It is a smart modification in the WiFi OFDM Physical layer to

enable the WiFi devices to join the WiMAX-OFDM wireless
network

v'The convergence idea initiated from the similarities between
the WiMAX and the WiFi, however the dissimilarities are still
real obstacles to enable them communicates with each other

v'In the standard investigations, it has been discovered that the
convergence in WiMAX-WiFi multi-carrier OFDM is a physical
layer issue
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What is the OFDM Convergence Bridge

To Satisfy the Convergence:
The proposal does not suggest changing the WiFi standard itself but
modifying some functions to be configurable

Modified Functions WiFi Standard Modified

RF Oscillator 2.4,5 GHz 2.4, 3.5 & 5 GHz
Bandwidth 20 MHz 3.5 & 20 MHz
Guard Time 0.8 usec 0.8 & 18.24 usec
FFT 64 Samples 64/256 Samples
OFDM Symbol 4 usec 4 & 91.2 usec
Duration
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IEEE 802.11 -WiFi Physical Layer

WIFLOFDM84, The Grey Blocks are the proposed functions to be configurable to
WIMAX-OFDW256, () satisfy the OFDM Convergence Bridge

)

T5 T6 T7
R ! ‘
emove ' '
FFT Demapping+ /FEC
Guard 256/64 Deinterleaving | ~ |/ Décoder '
Y [ Q A
R : Nir
ecelver T Guard Time OFDM Symbol
Bandwidth Duration
F Carier —]
WIFI/IWIMAX Configuration Parameters
Mode-1: WIF| [Mode-2; WiMAX
* RF Carrler: 2.4GHz or 5GHz « RF Carrier : 3.5 GHz
+ Bandwidth: 20MHz « Bandwidth: 3.5 MHz
o Guard Time: 0.8 uS o Guard Time: 18.24 S
. Nynf 64 Sampleﬁ . Np”: 256 Sampies
o OFDM Symbol Duration: 4 us |« OFDM Symbol Duration: 91.2 us




WiFi Physical Layer- Simulink
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IEEE 802.11 WLAN PHY |
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Technical tools For Hardware Co-Simulation

XILINX
SYSTEM
GENERATOR

MATLAB Simulink Generator FPGA

(Mathwo rks) (Mathworks) For DSP (Xilinx)
(Xilinx)
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What is the Hardware Co-Simulation

MATLAB *"“ ) =5

|
b4 gt

XILINX Mb—
SYSTEM .

GENERATOR®

e

X XI I_INX [Ethernet ,USB or RS232]

This hardware will co-simulate with
the rest of the Simulink system to

provide up to a 1000x simulation
performance increase.




The Wireless Convergence between WiFi and WiMAX is an ideal technology
that provides the best of both worlds: the new features of the WiMAX and
the low cost of the WiFi.

A new vision of the convergence has emerged when two different wireless
standards have created the MESH topology as vertical developments.
WiMAX-WiFi convergence has a good chance to be involved in the mesh
topology applications.

IEEE 802.21: the standard supports algorithms enabling seamless handover
between networks of the same type as well as handover between different
network types also called Media Independent Handover (MIH)

The standard provides information to allow handing over to and from
Cellular ,GSM, GPRS, WiFi, WiMAX, and Bluetooth through different
handover mechanisms.
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: Experts in the Industry: \

The WiMAX vs. 3G cellular showdown is poised to become
If you can not beat them, join them

Or

“Be in the Middle”
(hopefully, for the better) in the process.

Intel 3G *Ericsson
*Motorola Verizon
'Samsung oQualcomm
*Sprint
N N
IEEE 802.21,22 4G
Cheap High Mobility
High Data Rate High Quality of Service
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Current Research : The Cognitive Radio

1. Dynamic frequency allocation techniques for OFDM-based
cognitive systems.

2. Different dynamic frequency allocation solutions will be
explored.

3. The implementation of a dynamic OFDM system will be
carried out, based on a software-defined radio architecture
(FPGA)

4. Spectral Efficiency

European Project COST ICo803
RF/Microwave Communication Subsystems for Emerging
Wireless Technologies
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