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Agenda

B Aim of today

Derive throughput performance of basic SISO system

B Contents

 Narrow band system
— Channel capacity
— Path loss & multi-path fading
— QAM signaling & throughput performance
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Warming Up

- QueSt'On Constellation

Given a transmission system with BPSK modulation 5,1
whose transmission rate is 1 bit per T seconds.
Calculate spectrum efficiency C [bit/s/Hz] of
this system.

SR

B Spectrum efficiency

Nyquist filter Bandwidth
1 0< ‘ fT‘ }/ }/ Time series
G(f _
(h= { 0, otherwise > B T BN
Spectrum efficiency T T T T
i T
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Narrow Band System

Received signal model

Received signal Additive noise n(t)
y(©) =h@®s®)+nt) _J= s(t)V%Vqu(t) —.
Channel respoée }ansmit signal h(t) ~

Propagation channel

Transmit power

P = E[s()[] VN

Noise power B

o? = E[In(t) 1= N,B
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Channel Capacity

Channel capacity of real number system

1 1 Pih Plh
Cr == max I(SY)_—TIogz[1+ | ‘] 2|0g2£1+ L‘]

T E[s%1<P O

Mutual information
I(S;Y): H(Y)— H(Y |S): H(Y)— H(S+ N |S): H(Y)— H(N)
Entropy of Gaussian signal

H(N):%Iog227zea2 H(Y )s%log2 27e(h[* P+ o?)

Channel capacity of complex number system

Ay
Ce 2><2Iog2[1+ /‘ } Blogz[
7
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Achievable Data Rate of SISO

Power dependency Bandwidth dependency

SNR = 20[dB] @ 100 [kHz] bandwidth

N Ol (=)

wW

channel capacity [bit/s/Hz]
>
|
channel capacity [bit/s/Hz]

N

10 15 20 25 30 _ T | BT
SNR [dB] bandwidth [MHZz]
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Wireless Communication Channel

Wireless iIs vulnerable!

Basestation #1: Path loss due to distance
— Lower average SNR
#2:. Multi-path fading

— Deep SNR dip

#3: Time dispersive fading

— Inter symbol interference
#4: Multi-access interference

Terminal

— Co-channel interference
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Modern Wireless Transcelver

B Transmitter

| e L) e || orom || rew
rmoduiation modulation converter
control & coding
For multi-access interference For time dispersive fading
B Receiver For path loss For muliti-path fading
N\ /
N\ RF down | oOFDM ' Diversity ‘[Demodulation|
converter demodulation| | combining | & decode
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Issue #1: Path loss

« Channel gain decreases in accordance with distance between Tx & Rx
e It results in lower SNR, higher BER, and lower throughput

Free space path loss i Fading

ﬂ, 2
Gpl — 10 |Oglo (mj

=—-20log,,d —20log,, f +28

Channel gain

Commun. distance
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Recelve SNR

Transmit power = 40dBm, Noise power = -100dBm, Frequency = 3.5GHz

80 | | | | | | | | |
— Free space path loss
TORY i R R SECCEEEE ooneeee — IMT-A path loss model |-+

i i i i i i i 1
0 100 200 300 400 500 600 700 300 900 1000
Distance [m]
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QAM modulation
« Message M. QAM — r=log, M, ibitsisymbol]

ary
M =04+ M, =1 m =01, /M, -1
4QAM = QPSK 16QAM
* Symbol e ole o
S=Sg + jSI ¢ /
- ﬁ ‘ o o \/E.
:(ZmR—,/I\/Iary +1)+j(2m,—,/Mary +1) > e oleo o
{ ] o
Power normalization e oo o
m/ o VA A\
Z IVI —1
\/7 Z(Zl—l) k ) > 527«/5
Gray coding

Adjacent symbols differ by one binary digit

000 001 011 010 110 111 101 100

Sg =9ray 5—(Mg) Ex. grayg(Mg) —e—e—e—s——e—e—e—e
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Coherent detection

s (1) -

A y(t) n(t)
S(t)=—===5s(1)+—=
Bit error rate (BER) % 0 P Ifée[§(t)]

Plh
1
Peb(y)=2erfc:(,/g r=—

erfc(x) = % Jwexp(—zz)zlz
72- X
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BER Performance

QAM signaling

-+ HH

Bit Error Rate

5 10 15 20 25 30
Average SNR per antenna [dB]
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Frame structure

Preamble Data
Data length L —
I
Packet error rate 9
] 5
Pep(y):]'_(l_ Peb(y)) é
Throughput ~

TP(y)=1log, M, (1-P, (7)) itsisiHz]
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Throughput performance

— BPSK
— QPSK
— 16QAM

64QAM
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Issue #2: Multi-path fading

* Instantaneous SNR variation due to multi-path fading
» Deep SNR dip results in serious BER performance

Received power variation

Multiple reflection waves

\
:

Power [dB]

& . Random phase shift s -
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Aulti-path Ravleigh Fadina
1vi 1kl rl LS B | I ] I\ 11 1 QGANAIAI Iﬂ
Multi-path channel /\

Central limit theorem

h(t)=2|:,3. exp(jZﬂVZtcosHj \Y<‘9 f\ |
. SN\

e

f(hy) = f () = ra exp[

Cumulative distribution

az - E[‘ hR‘ ] - EHh" ] 10° s e
PDF of channel power or SNR § |
F(y)= 1exp(— 7) % A
Y /4 E 107 pes M
P\h\ S e — — R
‘h‘ or 7/ — (7 " 30 -20 powe-rude] 0 10
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BER Performance in Fading Environment

| I N 1 ot 1 1 1 I1WATL TN\

Instantaneous BER

Ph(t
Peb (7/) — ;erfC(\/ZJ Yy = %

PDF of SNR

1 _ | Ph@| : | |
PENEEELO
7/ 7/ o ’ ;\verag;OSNR p1<:r antezr?na I:de]5 *
Cumulative distribution
Average BER & TP o -
_ 1 7 § i
P = f P d - 1_ - 5]0’]r .............................................................
w(7) = | F()Ps()dy 2( M] I
)~ [10P0N e

powe-r [dB]
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Average SNR [dB]

Average TP performance

30

BER & Throughput Performance
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Summary

* In narrow system
— Channel capacity is achieved by Gaussian signaling

— Path loss & multi-path fading are major issues in wireless
communication channel

— QAM for variable rate modulation with limited constellation
— Derive throughput performance of QAM signal via BER calculation
— Throughput performance degrades severely due to multi-path fading

-

For wideband system

[ OFDM for wireless broadband }
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