R R




=
gg!m

< BRI, wyzhou@ustc.edu.cn, 63600485
< Z4RM, liyt@mail.ustc.edu.cn

—

< £ £, wangll6@mail.ustc.edu.cn

“ BERERARAN

< ZERE . lang@mail.ustc.edu.cn



mailto:wyzhou@ustc.edu.cn�
mailto:liyt@mail.ustc.edu.cn�
mailto:wang116@mail.ustc.edu.cn�
mailto:lang@mail.ustc.edu.cn�

Q:Qﬂﬁ
« (FrEEEMANAEY (GER
o Y% : Bernard Sklar

= FAhAHSC &

BB FERBSEHMERET

Digital
_ Gommunications
WG & 4

(564l )

| b Communication Systems
; Fourth Edition

< GTERE

= PR RS 10%
= SEIO RS 30%
= BREGE: 60%

E2




o g}

MY MR MR MR MR MY MR MR MR

—

=]

o P g
< B8 RS S5 EMAR
< W= FIRRG

= BAESRETIERE
< BRE BAE SR
o BNE

SHAR

< BHE EEEH G
<« B/)N\E ZHHFAR
< BHE OFDMEA




< 1.1 BERBEE LR
1.2 BIEBHIRE

Jif




S
1.1 BENH=

< Shannon7EH 1948E K XXM FEH :  “The fundamental
problem of communication is that of reproducing at one
point either exactly or approximately a message selected at

another point”, BlEH—77 M5B —F#4THBRE EE.
< EXHARRR B BiR. Bif. BBEME,

[1] C.E. Shannon. A Mathematical Theory of Communication.

The Bell System Technical Journal. Vol.27, 1948. p379~423.
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Loosley defined as the electrical medium between source and
destination, e.g. cable, optical fibre, free space, the channel is
characterised by its Loss/Attenuation, Bandwidth, Noise/Interference and
Distortion.
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< Analog Communication System
- [FIEFPfEER R ANalog Signals

X(t) s(t) r(t) X" (1)
-—> Modulation » Channel »| Demodulation ——>-
n(t)

Noise
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> Source: EERFES x(t) (EAEFES)
> Modulation: EBfES x(t) » KiEfESs(1)
= LA A
= Bk R FU AL )

*W,

» Channel: BfEn(t), 8lES r(t) = s(t)+n(t)
> Demodulation: &EFEEBES x (1) = x(1)
> SInk: E BE5x ()




4

L/

L)

X

'

HATFEERS

s [SIEFPEIER R Digital Signals

X

—

Source
encode

gs(t)

Source
decode

»

gs (1)

Channel

encode

Modulation

A 4

A

Channel

Noise

A

Channel

decode

y

modulation

n(t)




BB EESRELRE

Source: x(t) (BHERERES) M( ¢ 7
Source encode: x(t) = g.(t) FFEHFHES)
Channel encode: g.(t) = g.(t) (GEEHES)
Modulation: g.(t) = s(t) HES)

= SRR BT

= Jkb e B E

> Channel: n(t), r(t) =s(t)+n(t) EKES)
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Demodulation: r(t) - g.(t)
Channel decode: g.(t) - g. (1)
Source decode: g. (t) - x(t)
Sink: x(1)
Synchronization: [, B3R B2 B — B iR< R
(5] B [RI#H)
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« AM, DSB, SSB, VSB, FM, PM
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« PAM, PWM, PPM
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« PCM, AM, DPCM, ...

= FESRRA T
o FHARM. ASK, FSK, PSK/DPSK
o WHEEAL: QAM, MSK, ......
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< ZHE: AMPS (Advanced Mobile Phone System) , ZEMN
ER BRHE. rRtbfFEH;

ek

= TACS (Total Access Communications System) , TH. &KX
A T, BB, BIR=;

= NMT (Nordic Mobile Telephone) , Fg#i. #ER. 3522, A3,

= C-450, EEMNEET;
= Radiocom 2000, ¥:H;

= RTMS (Radio Telephone Mobile System) , &EXH;
< HZ: NTT (Nippon Telephone and Telegraph)
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GSM 900 890~915 935~960
GSM 1800 1710~1785 1805~1880
GSM 1900 1850~1910 1930~1990
GSM 450 450.4~457.6 460.4~467.6
Or 478~486 or 488.8~496
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s full eoverage
D - global roaming
* full mobility
© N Necessary

indnadual links

« full coverage and haot
spots

= glabal roaming

» Tull mobility

+ indnadual links

+ local coverage
« hot spots

» global roaming
« local mobility
« indnadual links

» short range communication
+ gledal reaming
= indngdial links

L
personal network layer @ g -
ey

fixed (wired) layer X X X X X XX X X X X X X jovoering

+ indnadual inks
e horizontal handover within a system I vertical handover between systems




FUTURETTX!

FUTURE - Future Technologies for Universal Radio
nvironment

The FUTURE is to be launched as a part of China’s 863
Program in Wireless Communications Area for the 10th
five-years plan (2001-2005)

The Mission of FUTURE is to establish a universal radio
experiment environment that can meet the future
application demands and development trends headed
for years of 2005-2010, and to make China’s wireless
R&D coincide with the advanced countries.




The Plan of FUTURE

Vision, Spectrum, Tech Trends

Candidate Proposals
Standardization

Key Tech

FUTURE Demo Sys & Appl
FuTURE II

2001 2003 2005 2010

Trial & Pre-
commercial System




Toward 4G

Key Techniques:

* New Cell Structure
* Multicarrier(OFDM/GMC)
* MIMO

* Adaptive Link Adaptation &
AMC

* Turbo Reception & Detection

* LDPC and Other Emerging
Coding/Decoding

Performance Targets:
* Spectrum Efficiency: 1.5-2.5bps/Hz/S for high
mobility; 2.5-5bps/Hz/S for low mobility;

* Peak Data Rate: 20-50Mbps for high mobility;
50-100Mbps for low mobility;

* BER Performance: 1E-03 for voice; 1E-06 for data;

* Transmission Power: 10dB lower for Eb;

* Max. Spectrum Requirements per User:
20-30MHz@3-5GHz;

* Data Rate per User: Tens Kbps to Tens Mbps;
* Qo0S: Nearly fixed-line quality;
e PAR: less than 10dB;
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Base Station (TDD and FDD)
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B AIRIEIER (Gbps) ERBEE (107KkmP)
0.1~1Gbps , 1 &7 /Kn
100

MEHE (Thps/KmP)
#+Thps/Km® 100

iR B IEEIE (ms)
1 EBE

&{HIRE (Gbps) #ahtt (Km/mh)

Tens of Gbps T B - —' 1000 500+ Km/h
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< BRI LS s

“ ZERFEHAR(OFDM/GMC)
< MIMOEIAR;

< HIEMBIAR;
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< &8 (Cellular)
345 (Distribute)
<+ Z#k (Multihop)




A7 3, (distributed) F4ZZEHT

To BaseStation Ctrl To BaseStation Ctrl

e EREREFZERIE!




e
Bk (multihop) M

1Coverage an issue in high-capacity wireless
systems — particularly in urban jungles and
cluttered terrain
% Signal degradation due to distance
*» Obstructions interfere with signals

IMulti-hop network architecture used to extend
signal reach and bypass obstructions

Fixed relays provide alternate paths between
user device and base station
* Deployed as part of network infrastructure .-y
en

*» Transparent to user device — it is unaware of Mobile Relay
whether the transmissions are directly from
the BS or via a relay

» Can be deployed selectively or ubiquitously

» Predictable coverage improvement within
the cell

oLIIREC e Sidnal coverane angthroughput

D)

0

- — = = Direct path

&

D)

)

Alternate path
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Orthogonal
Framework
GMC
o P O e S g AR o D PV T TR
0.1 2 .3 0.4 0.7 . 9 1
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Orthogonal A
Framework ™ AL
- OFDM 0
-40




O
Orthogonal vs. Non-orthogonal

<+ Orthogonal: (OFDM)

= Relatively lower complexity for implementation;

= ldeal for local area applications with smaller Doppler Shift and
time-delay spreading, with the orthogonality being guaranteed to
an acceptable extent;

“* Non-Orthogonal: (GMC)

= Relatively higher complexity for implementation;

= Suitable for wide-area applications, especially in the case that the
orthogonality can not be guaranteed because of large Doppler shift
and time-delay spreading;




Ix <[ £ [|>]Rx
Tx 'f/ = \ Rx
Data Data [ b2 < P > 1 Rx EEET
s T % . 0 0000
= % / Processor

bsbsb; Splitter
AN

A

» Channel capacity :
C=n+log, [ 1+ (ng/n;).SNR] [bps/HZ]

» For ny = ng = n, capacity increases linearly with n

» High cost and complex but highly rewarding




e
Where does MIMO work fine ?

» Antenna elements decorrelated
» Minimum distance : lambda/4 (~4 cm @ 2 GHz)

» Where added complexity and cost is tolerable

» Antenna elements limited to 3 or 4 for handheld terminals

» Appropriate channel conditions
» In LOS situations MIMO not at ease
» Rural access clearly not the killer app
» At best in indoor conditions

»WLAN or indoor mobile are « natural » applications for
MIMO

» Very good potential in urban and sub-urban environments
» Excellent results in first field trials by Lucent in Manhattan




Combination of OFDM with MIMO techniques

<+ Advantages of using MIMO-OFDM

= OFDM well adapted to fight against frequency-selective fadings

= conversion of frequency-selective fading channels into multiple
parallel flat fading sub-channels (sub-carriers)

= 2 dimensions of OFDM (time & frequency) can be used depending
on channel characteristics

= Simple receiver techniques
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