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Executive Time: 2009-2013
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973 Project Introduction
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The National Basic Research Progran®-#3” Project which has features likerategy,
prediction, globe and motivatiprs created on the basis of existing researchiaes\and
deployments to organize and implement basic resetreaneethe national major strategic
needsas well as to further reinforc¢easic research and scientific technology work.
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@ Objectives for 973 project
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(Strengthening the
original innovations
and to address the
Important scientific
ISsues concerning
the national
economy and social

development
- _/

Objectivesfor

973 project ‘

(\

\_

~

mproving China's
capabilities of
iIndependent
Innovations and to
providing scientific
support for the
future development

of the country )




Tasks for 973 project
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Conducting multidisciplinary comprehensive
research and providing theoretic and scientific
foundations for important scientific issues

Deploying relevant, important and _
explorative forefront basic researches 073 Pr 0J ect

Main Tasks

Training outstanding person with high
scientific qualification and creative capability

Building a group of high-level scientific
and technological research centers



CONTENTS

Introduction of 973 Project

CWN Research Background

The key issues in Cognitive Wireless
Networks

Applications scenarios
What we have done




@ Motivation 1: Requirement of Spectrum
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Field test of Spectrum Occupation (Time: from 8 p.m., Mar 16, 2008 to 8 p.m.,
Mar. 17, 2008. Scenario: typical urban area, Location: BUPT Campus)

f FS (410MHz — 960MHz)

Contradition between | M
| the shortage and the |

waste of Spectrum
waste is the main
cause of low efficiency
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Motivation 2: Heterogeneity

Radio Networks Developing
Trend:

Heterogeneous
Ubiquitous
Broadband
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Heterogeneity: distinct architectures,
models and schemes of different
networks, in accordance with different

goal and requirement, lead to various
“network islands”
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Problems caused by Heterogenerous
CWN Wireless Networks

B3G/4G

TD-SCDMA

Too many antennas, BSs, causing resource waste
and compatibility difficulties

SingleMode  Dual-Mode Multi-mode 7
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@ Current Status of Wireless NW
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B Coexistence of various RATs and the scarcity of
Spectrum resource is holding back wireless mobile
communications from evolving towards wide-band
and ubiquity. Hence, there’s an urgent demand for
innovation of wireless networks technologies,
aiming at dynamic and efficient use of FS, and
solve the issues on heterogeneous wireless
networks.

B Recently, many countries are devoting their
intellectual and financial resources to working on
the two aspects.
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@ Analysis of the Essential Problem
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ScarcmRnd aite of Sgectrum

Failure reless,NWs tC

Solution?

4 )
How can wireless NW Adapt to

complex dynamic environment
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<@ Introduction of Cognition Theory

B Cognition theory offer a decent manner to solve these
problems, as well as a theoretical support.

Information Knowledge Intelligence

Cognition Strategy

Knowledge
Data Base

Acquisition Execution

14



End-to-end Goal

Observe

»

Radio Environment
Network Environment
Service Environment

Wireless
Networks

g

:p\\lJLU||U|

st Networks (CWN)

What is Cognitive Wireless

Act

Adode
Network Resource
Service
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Scientific Issues in CWN

B How to acquire, I::svtifcltit:s
express,_ t Cognition b|| ®  and principle
communicate " Ref non
and utilize the ~ ©'C09Hition ?@fg!t' between
cognitive info. -doma|n Architecture arclhltectural
among multi- Environ : e e?e:ts
domain “ment Wireless abr!r t ef
including radio, Networks ability o
networks and :zg;:t(;t:‘;
users
environments? and reconf.

; Autonomy of P H t
\ DBG-SiDI’aI"d OW t0 CIECICIE_ dana
‘ control to achieve
Control

According to multi-domain cognition, aiming
at end-to-end goal, automatically adjust
elements in NW in order to adapt to
complex dynamic environment

overall performance
optimization, under
complex dynamic
environment?




Two Definitions
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B Joseph Mitola proposed the concept of “cognitive
radio” for the first time in 1999: Radios that
change the parameters of transmitters based on its
interaction with environments.

B Our definitions for Cognitive Wireless Networks:
wireless networks that change network features
based on its interaction with multi-domain
environments.

Our definitions suggest wireless networks with
cognitive functions (intelligence); Optimizing aims
at global optimization of end-to-end purpose;
Cognizing is active and in multi-domain; Network
components can be reconfigurable, To solve
problems of spectrum utilization efficiency and

convergence of heterogeneous networks 17



@ Cognitive Wireless Networks

0
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Cognitive (adaptive, reconfigurable) networks

B Cognitive networks are capable of continuously
e Y adapting to changing environmental conditions
and/or user needs.

E Adaptation is mainly realized by means of self-
adaptive : management, or in other words in accordance

| with autonomic computing principles, and
typically involves machine learning.

B Reconfiguration of the systems’ own
infrastructure may affect more than just the
: traditional networking layers of the protocol
reconfigurable stack, i.e., the middleware, presentation and
application layers in addition to the physical
§PHY), MAC (Medium Access Control), LLC
Logical Link Control), network, and transport

K intelligence / layers.




@ Cognitive Wireless Networks
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B Cognitive wireless networks do not presume the fixec
deployment of technologies in terminals and network
segments; rather, they have embedded intelligence that
enables them to learn, from previous interactions with the
environment, and, based on those interactions, adapt
their functionality according to different external stimuli.

B Cognitive wireless networks have been proposed for the
realization of the B3G vision, with reduced CAPEX. This is
achieved through their inherent ability to adapt to varying
requirements (e.g., change RATs and spectrum at the
PHY/MAC layers).

B Change RATs——Have cooperative networks to operate
different RATSs

E Change spectrum——spectrum sensing and allocating



The key issues in Cognitive Wireless
cWn Networks

B Cognition
4 Spectrum Sensing

« Cognition of wireless environment, network environment and service
environment (Multi-domain)

4« How to process and use acquired information
# Cognitive enablers

B Intelligent adaptation
# Dynamic spectrum management, Spectrum sharing, Spectrum
Mobility
# Joint Radio Resource Management
# Power Control
+ Self-x (Self-configuration, Self-healing, Self-optimization, Self-
protection) of wireless network
B Reconfiguration
4 The capabilities of reconfigurable Networks
# Reconfigurable Protocols
+ Software Download
4 Reconfiguration of transmission mode

B Others
# System architecture of Cognitive Wireless networks
4 Protocol
4 Cross-layer Design
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@ Application Scenarios (1)

Application Scenel—The effective using of spect

e

Spectrum detection

J

Spectrum analyze

Resource management
and control

S | cognitive |

reconfig

Spectrum
. reconfiguration
uration =

/ \

ru
— N O O O O /\“E
The process of cognitive network (For preliminary study, dynamic
spectrum management could

improve the utilization of
spectrum by 39%
(Broadcasting and TV spectrum
segments are used with other

\_ network) J

Transmission
process

Spectrum
detection




@ Application Scenarios (2)
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Emergency Communication-Resolving the issue of island
of heterogeneou

e ]
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Q Application Scenarios (3)
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The integration terminals in the
heterogeneous networks

Dual-mode ‘

Variable-mode

Multi-mode
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@ The Project Partners

Beljing University of Posts
and Telecommunications
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and Technology of Xi'an
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Science and Technology .

Wuhan University
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PLA University of
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Technology

Zhejiang University
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@ Research Contents

Subject 2Multi-domain
Cognition Theory Syste
In Wireless Network

/

/ Multi-domain
, Environme
I Awarene

Subject 3: Active Cognition /

/

Methodology in Wireless
Network

\

Resources Managemeht
Modeling and Control
Mechanism

- - -
”—_ T

Autonomy of

Decision-makin

Subject 4: Intelligent
Dynamic Network

and Control

7

~~

Subject 1 Cognitive Wireless
Network Architecture and
Protocol Design

& \

\
: \

\
Architecture b
aptivene \

Subject 6: End-to-End ’in

Reconfigurable Mechanis

T
< , /
. /
N /
/

Subject 5: Transmission mechanisn
Based on Cognition in Wireless
Network

L

>

-
-

Subject 7: CWN Demo Platform Construction and Experime}nt 21
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Subject 1 of 973 Project

Task
Name

Research
Topics

Members

Cognitive Wireless Network Architecture and
Protocol Design

*Multi-plane CWN Architecture Design

*Design of Prototyping Protocols with Cognition, Astian
and Reconfigurability

*CWN Performance Optimization

*Cognitive Service System Satisfing End-to-end Edfncy

Subject Leader: Professor Jiaru Lin
*Belijing University of Posts and Telecommunications

*\Wuhan University
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Subject 2 of 973 Project

Task
Name

Research
Topics

Members

Multi-domain Cognition Theory System in
Wireless Network

*Multi-domain Cognition Architecture and Models
*Spectrum Cognition Theories and Methods
*Multi-domain Local Cognition Theories and Methods

*Multi-domain Cooperative Cognition Theories and Meis

Subject Leader: Professor Desheng Zhu
*PLA University of Science and Technology

*Harbin Institute of Technology




@ Subject 3 of 973 Project
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Task Active Cognition Methodology in Wireless Network
Name
*Multi-domain Active Cognition Models in CWN
*Active Learning and Deducting Theories and Methods
Research

Topics *Knowledge Sharing and Reusage in CWN

*Cognitive Strategies Studies in Dynamic Environraent

eSubject Leader: Dr. Quan Yu
Members «The 61th Institure of the Headquarters of the Gergteff of PLA
*PLA Institute of Technology



@ Subject 4 of 973 Project
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Task Intelligent Dynamic Network Resources
Name Management Modeling and Control Mechanism
*Theories and Methods of Vector Resources Allocation
*Resource Mobility Controlling Theories and Methods
Research _ - _
Topics *Adaptive Deciding Models and Schemes of Dynamic

Resource Management

«Joint Management of Inter-network Resources

Subject Leader: Professor Jiandong Li
Members eUniversity of Electronic Science and Technologyoan

*The 61th Institure of the Headquarters of the Gdriief
of PLA



@ Subject 5 of 973 Project
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Task Transmission Mechanism Based on Cognition in
Name Wireless Network

*Transmission Capacity Analysis in CWN
Research  «CWN Transmission Mechanisms Approximating Capacity

Topics *Auto-management and Adaptive Schemes in CWN

Transmission

Subject Leader: Professor Weil Guo
Members .yniversity of Electronic Science and TechnologyCtina

«Zhejiang University
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Subject 6 of 973 Project

Task
Name

Research
Topics

Members

End-to-End Reconfiguration Mechanisms

*Modeling and Construction of End-to-end Reconfigjora
Administrating Framework

*Fine-grained Decomposition and Function Re-comjuosit
of Network Behaviors

*Feasibility and Approaches of Network and Protocols
Reconfiguration

*Evaluation of Efficiency and Security of Reconfigtion

Subject Leader: Professor Zhiyong Feng

*Beijing University of Posts and Telecommunications
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Subject 7 of 973 Project

Task
Name

Research
Topics

Members

Cognitive Wireless Network Prototyping Platform
Construction and Tests

«Construction of Multi-plane Adaptive CWN Architectu

*Evaluation of the Principles and Schemes of thetiMul
domain Cognition

*Evaluation and Demonstration of Key Technologiethwi
CWN

*Evaluation of the End-to-end Efficiency of CWN

Subject Leader: Professor Ping Zhang

*Beijing University of Posts and Telecommunications
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What we have done -other topics

»Design of an in-band/out-band CPC scheme
»Design of a CPC based network selection
scheme

SOUIIUVE!
Pllor
SHannel

! N »Plug-and-play technology used in base
RO station equipments

OIRWITEIESS »Research of working state and channel

selection scheme of multi-mode access point

NELWOIKS

»Component-based Protocol Stack
Management for Reconfigurable System
»Evaluation mechanism for Protocol
Components for Reconfigurable System

RECONTIEUIE
ol2 Proigeols




@ CPC Structure Approach
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B The goal of CPC:

4 To support an efficient discovery of the available radio accesses and
reconfiguration management in a heterogeneous wireless
environment between network and user terminals

B CPC is anticipated to be a combination of two components:

4 QOut-band CPC and the In-band CPC

# Out-band is a Physical channel outside the component radio access
technologies

# In-band refers to logical channel within the component radio access
technologies

B As radio enabler, CPC is also anticipated to have both
downlink and uplink components



Background of CPC
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Downloading the 4
software of WCDMA . daily life: \
nd Hangzhou

b s
BS5 O WCDMA

CDMA2000

W Th{ Mike’s terminal reconfigures itself
brod g4 to WCDMA and access to BS4. both

BSl ad CCTIIS NMIMMUITTIIatuurlI.

DN LTS A A A O

Mikes again obtains the network context
broadcasted on CPC and download
software of WLAN, and attach to the B

station @
O erlan
O IEEES02.11
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Demo System from BUPT

Network Selection

\ _—

JRRM Guided
Network Accessing

SW Downloads Enabled
Terminal Reconfiguration

« Demonstrating the
complete end to end
reconfiguration
process in  future
communication
system

 Evaluating the CPC
performance




Overview of Demo System

:GSM Connection

China Unicom
(Act as CPC Channel)

China Mobile
T (Actas GSM Channel)

Key Conception

« CPC Server

« JRRM Server

« Software Server

» Reconfiguration Terminal

Traffic Channel

« GSM

« 802.11Db
« 802.11 ¢
« CDMA

CPC Channel




System Components

Reconfigurable Terminal AP1(802.11 g) AP2(802.11 b)




Demo on CPC

Ipeeiodically

Software Server

o

-
/

JRRM Server

00-0F-30-29-16-11

\

~

Reconfiguration Terminal
(GSM/GPRS/CDMA/WLAN)

term na' can-start to work normallv/
' OLQAT U LU VYV VUI I\ IIUIIIIMIIy
Yai Yideo #ob Browse

¥ \ Friori ty  HETHOEE Priority NETHORK Friority NETHORE

1 GEH 1 HLANZ 1 HLANL

2 HLANZ 2 HLANL 2 WLANZ

D \ 3 WLAN1 3 GSH 3 GSM

¢ \ E oo ) Cromn 086 G

On-Demand
Module
(GSM/GPRS/CDMA/WLAN)
EE6
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Demo on Software Downloads
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qwﬁmmeim/\mﬂc&dfﬂvaces&ownloads to Enable Network Handover )

@ CPC Server

CPC Colleggor §
WL \ .
(9) X
( ) CfT |ransmit\ \ JRRM Server

-

l

On-Demand
Module
“.. (GSM/GPRSICDMA/WLAN

(GSM&WLAN)

-
7 r \
[ WESM M And the network handover is enabled.
\ Reconfiguration Terminal
(GSM/GPRS/CDMA/WLAN)

T =



Demo on JRRM
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CCScenario on JRRM

CPC Server

\
@ @ E
v N JRRM Server
& CPC Transmitter
CPC Collector (asvEwLIY” 4 = On-Deménd
WILAN (GSM&WLAN) M&dule
(GSM/WLAN)
Outband CPC

Once the terminal detect that the
Instruction from CPC is not available, it

starts request the JRRM server for the
Access instruction

Reconfiguration Terminal
(GSM/WLAN)




<@ CPC Demo System in EU
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E In ICT-Mobile Summit2009, in June 10~} g

= / ‘% ‘
EU FP7 E3 obtain the “Best Demonstral @ 3
Stand”

oY X; kb W

5 [

- MobileSummit =

XN
2 /'I 1\ e
I Best Demonstration Stand
I 2009 (

wf/




CWN

Future Work

E Demo system

4« Evaluating the CPC performance
# Out-band CPC (On-demand mode)
% In-band CPC
# CPC Extension with CDMA Channel
# Delivery Delay
% Delivery Approach
# Required Bandwidth
4« Evaluating the JRRM function
4 Joint Admission Control

4% Joint Load Balancing

# Joint Scheduling



@ Future Work
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B Standardization of CPC

# Recently, several proposals have been proposed to different standardization
organizations.
# Proposals on CPC architecture and CPC management will be proposed to worldwide
standardization organizations.
« IEEE 1900.4
4 ITU-R
@ ETSI
« WWRF

# Performance evaluation for the implementation of CPC will be carried out.
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@ Projects on Cognitive Wireless Networks
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Domestic Projects:

B 2009-2013: National Basic Resear ch Program of China (973 Program):
Basic Resear ch on Cognitive Wireless Networ ks(2009CB320400)

E 2007-2010: NSFC (Natural Science Foundation of China) Project:
Research on Architecture and Key Technologies of Autonomous End-
to-end Reconfigurable Radio Networ ks(60632030)

B 2009-2012: NSFC (Natural Science Foundation of China) Project:
Resear ch on Resour ce Management Based on Cognitive Technology

B 2007-2008: National 863 Program of China: Research on key
technologies of Reconfigurable Radio Networ ks (2006AA01Z276)

EU Co-operation Projects:

B 2008-2009: EU ICT FP7 Integrated Project: E3(End-to-end
Efficiency)(FP7-1 CT-2007-216248)

B 2006-2007: EU IST FP6 Integrated Project | ST-E2R(End-to-end
Reconfiguration) |1 (I ST-2005-027714)
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Thank You for Your Attention!

Address: Wireless Technology Innovation Institute, P.0.Box 92

Beijing University of Posts and Telecommunications No. 10, Xi Tu Cheng
Road, Bei jing, 100876, China

Tel: +86-10-62283630

Fax: +86-10-62283627
E-mail :pzhang@bupt. edu. cn
Website: www.wtilabs. cn



