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ABSTRACT

This thesis presents a performance analysis of adaptive modulation with Maximal Ratio
Combining (MRC) diversity reception over Nakagami-m fading channel. In this case we study
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2.4.2 UUUNADIVOY mmmﬁ-aauﬁ (Nakagami-q (Hoyt) Model)

N3NITIAAIUY Nakagami —q 91999910MITNTTIWANUD Hoyt HAAIRITUNS
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==

(2.18)
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Nakagami-q Hoyt Distribution
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P, risvim) = , y, 20 (2.24)
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AP = oms ) (2.32)
m 2
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Nakagami-m Distribution
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pt1oy 1/W dwanaslugii 2.8 Tunstiinnngumsdndadied1a (Sampling Theory)

LY o« ar aw 9 ¥ od A a
o1z ldlumsuonesfrtsznovveadaaunsvld ez lumsuaasldimudiwanouaueady

¥
o d ' o ]
WOTUDIFOITYYIUAIU [4]

elt;z)= ZL:c (t)é(r = %) (2.36)
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3
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R . a0 o a a 2 =~ &
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do {a, ()} weaaliiiufnevesosdyana ez {0,()) uwansldiiudanaves
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3.2 Switching Threshold

M3AMUA Threshold voawegduuuuliug 18inmsinanenawisisu Optimal
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S o A o ] a
5UlDUVY Adaptive Modulation aiden Ty luaunsn 3.2 injseenilu Quadrature
Phase Shift Keying (QPSK), 8 Phase Shift Keying (8PSK), 16 Quadrature Amplitude Modulation

= -
(16QAM) t1a 64 Quadrature Amplitude Modulation (64QAM) %33 Y1y1U99 Modulation 923

A1OAINISAINIU (Throughput) ARNULEAITUAITIAN 3.1
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Mode Outage QPSK 8PSK 16QAM 64QAM
y 0 1 2 3 4
n, 0 4 8 16 64
ty 0 2 3 4 6
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A13199 3.3 A1 SNR MiaauinAanaIaveoady

BER QPSK 8PSK 16QAM 64QAM
10 7, (107) 7,(107) 75(107) 7,(107)
10~ y,(107*) 7,(107%) y,(107%) ¥,(107%)
107 y,(107) 7,(107) 75(107) 7,(107)
10™* y,(107™) y,(107) y5(107) ¥,(107)
107 y,(107) y,(107) 75(107) 7,(107°)
107 y,(107) y,(10™°) 75(107°) 7,(10°°)
107 y,(107) y,(107) y,(107) y,(107")
10°° y,(107) 7,(107%) 75(107") 7,(107°)
10”° 7,(107) 7,(107) 75(107) 7,(107)
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(3.6)

Co-Phase and Summing

Y.

Detector

31 3.7 uana Ins 93199843 Diversity LIUL MRC

v ——— [ ¥
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waad luaung

(an/NJz zi r =i7’f (3.7)

Ve = Vi
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a
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1 1
2 _ 2 _ 2 2
7;‘2N7i_2N(i+J’i) (3.8)
4 o 1 . P a [ a0 A o =
e x, uag y, L‘i‘lumuﬂsqn Gaussian mfluafﬁzmﬂﬂuiﬂuummamﬂufguu liag variance
[ 3 Y a - W 1A s . a .
bo PRUUDINDITUT y, ‘FI'E]GI'JLL‘[J‘SQ'UT’IL{IUﬂ'I‘iﬂﬁﬁ‘B'IUﬂ’]M‘lJU Central Chi-square M1 variance

b, /2N =I"/2 1 PDF v03 7, annsoiion ldnail
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Avmvanegiaruiiunszuaumsildlunsdedygaunavaen - lumsdems
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4.1.1 nanlumsidenzUuvuvesuegaiy
ar =~ D'J 5 a a oA o o ] 9
Hlodvvosmsidengduvuveswegatu  Vudulsedninimvesidada ANuAa
d'. ar 9 v aa u': cid 9 (] a d"d
wouaD uazanududeulumsaine Avaeaveqarunillsogluileyiutiiivansgduuy
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Constant Envelope

Abbreviation Alternate Abbr. Descriptive Name
Frequency Shift Keying (FSK)
BFSK FSK Binary Frequency Shift Keying
MEFSK M-ary Frequency Shift Keying
Phase Shift Keying
BPSK PSK Binary Phase Shift Keying
QPSK 4PSK Quadrature Phase Shift Keying
OQPSK SQPSK Offset QPSK, Staggered QPSK
7 /4 QPSK 7 / 4 Quadrature Phase Shift Keying
MPSK M-ary Phase Shift Keying
Continuous Phase Modulation (CPM)
SHPM Single-h Modulation index Phase Modulation
MHPM Multi-h Phase I\JI;dulation
LREC Reétanguiar Pulse of Length L
CPFSK Continuous Phase Frequency Shift Keying
MSK FFSK Minimum Shift Keying, Fast FSK
SMSK Serial Minimum Shift Keying
LRC Raised Cosine Pulse of Length L
LSRC Spectrally Raised Cosine Pulse of Length L
GMSK Gaussian Minimum Shift Keying
TFM Tamed Frequency Modulation
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Abbreviation

Alternate Abbr.

Descriptive Name

Non-Constant Envelope Modulation

QORC Quadrature Overlapped Raised Cosine
Modulation
SQORC Staggered QORC
QOSRC Quadrature Overlapped Squared Raised Cosine
Modulation
QZPSK Quadrature Quadrature Phase Shift Keying
IJF-OQPSK Intersymbol-Interference / Jitter Free OQPSK
TSI-OQPSK Two-Symbol Interval OQPSK
SQAM Superposed QAM
XPSK Cross Correlated QPSK
Amplitude and Amplitude/Phase Modulation
ASK Amplitude Shift Keying (generic name)
OOK ASK Binary On-Off Keying
MASK MAM M-ary ASK, M-ary Amplitude Modulation
QAM Quadrature Amplitude Modulation

a o V. an o ar =Y =Y
1NN 4.1 szmulaadeeanequsuluilegiuiinnnonaeria vaiia

" Y= ¥ = Y 9 o ' Y < Y
TilaTms 1 wewiialdiinis 1Fauuediandnawa nsdives Constant Envelope 1Agn

Famluszvudaemsm liisannmsad sz unvooids - (Power Amplifier) @150

° ' o v = o a a a o o 1 =1
mamlugei lidudaduld dididadsedninwvesszuvneidegaga aonlsia

=l =Y ] 2=} ] i a o
1581 Non Constant Envelope U4¥HAIY M-QAM ndinnuutaulsluisosveslseansnm

YoannuninunUANNILAz SILIUsEADYEINIsNsTw luuuvesdyam M luesiatu

vy Y = b7 = = ¢ w A &
aunsoddoyalalulsnugeld Tudnoiinusaduiiouls M-QAM uaz M-PSK 49

Ansenidluzduuuveswegadunuuiliuda1d
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Digital Modulation

Constant Envelope Non-Constant Envelope
I [
[ [ ] [ [
FSK PSK CPM ASK QAM SQORC
— 1 l
BFSK MFSK”BPSK' |MPSK| OOK —1 ‘QORE
1JF
0QPSK
[ ops] lﬁiﬁ] SHPM TSI
Q0QPSK
o RN s
[ | Hovse] N e

A
H

ﬂl Qe Ql‘
sUn 4.1 lunuvesRvneaveqiadiu

4.1.2 anunNwouANNdloyMAIVBINBGIATY
1ANUAYOY Shannon SWIINISAY 1 WMIMIQEA vesveIdaw laviinnu
) = ¥ oo y_ ¢ a Yo
AsveaaUANNd B LazgnsuAIuAFYIasUNMdFEIuY N annsodou 1ade

auns
I=Rlog,(N +S8)/N (4.1)

HAZAINITONIAIING C VBIFOINY Y IUAITUNS
C:HB=log2(N+S)/N=1010g[1+[%D/10g2 (4.2)

e B Aeanunhaounnud (Hz) S Aofdsdunao (watt) N Aomasvesdyimsuniy

o = aar [
uuuddFouny (watt) k7 =N, A Spectral Density 1agUn@AdnsIMsdeU1IA1593A0T
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413 madmnzvianuAananveegaTy
a da a o a . [ ad
M inTIEHInAanaIaveegedy ivsanlfiasesiuiliuuuugaundnannse
afuanuawmeznduan 1degwanysel (Ideal Coherent Detection) Tagfin3paiunnisaniv

a d = o 4
gnsuMIUAdygauuuhdFous awaaslugili 4.6

AWGN
i match— filter
decision
carrier carrier
oscillator oscillator
q. r =
51 4.5 masuuuugaund
4.1.3.1 M-ary Phase Shift Keying (M-PSK)
wsandoyn s PSK natwszay (M-PSK) Aduaadluanmsn 4.5
i-1
s, M Acos[Zn[f,t + FHI 2 LA QSn< (4.5)

Taof /. fennudnv A4 fevinavesdgans M Apswaussauvesdyu PSK lay
Und M szitlumimugiuasiuniiag (M =2",n=log, M) oo [6) Wimsa ity Basis
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Function #niiuyamsaaaulelumssudoyaninmsdaluaunish 4.5 uiweniiiu 2 9afie
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JE, [ Nosin(z/M)

P = K_—l—lerf( f{’ sinf-)--\/% Iexp(—yz)erf(ycoti—)dy 4.7)
0
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4.1.3.2 M-ary Quadrature Amplitude Modulation (M-QAM)

. L N
sluuuveegadu M-QaM filfulgnlszdntnmwesnnunhalnuanuduazainam
' {l aa yqé‘ ar = Y =2 ﬂ P A
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Amplitude and Phase Shift Keying (APK) Taoiigiuvuvasdayaimail
2 .
s,(t)= }—(A,. cos2af t + B, sin 24 .1), 0<t=T, (4.9)

di - o S Ve dy
e A4, uar B, ADYUIAYDIAYY IV LAZUATAIY
A, B, = *a3a, .M -1} (4.10)

P & J s a ] o 1Y w o L4
o a AoAmdsnumaruurn (0,7,) Tasdwamldvimasnuvesdydnyal (Energy

Symbol) E, uazssaumsueqiadu M Al

3E,
a=_|———-—= (4.11)
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v
A1 BER 404 M-QAM n3iA1 SNR uag $1uuseau M Imgeannsolszunmldai

1 2a’ 2a’
P ~41- ~4 (4.12)
( MJQ V Q[\} v,
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Pulse Shaping F iler Coeflicents

Code NCO control, Code PN Code
NCO Generalor
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Amplaude
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Index Ampltude

Shaping
Fiter
a

Data Ram
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Sampl Veclor

Bufter Mapper

(=] CQuadrature Puise
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Finer

Sin
Carrer NCO Control arrker
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:s_ilﬁ 4.6 General Modulator
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19398319999 General Modulator Miudueamnsaadivdayanaogiadulina
gﬂttuuﬁaﬁy Amplitude Modulation (AM), Frequency Modulation (FM), Pulse Amplitude
Modulation (PAM), Minimum Shift Keying (MSK), M-ary Phase Shift Keying (M-PSK), M-ary
Quadrature Amplitude Modulation (QAM), Direct Sequence Code Division Multiple Access (DS-
CDMA) dsuanaluzilii 4.6

General Modulator ﬂi:nau‘lﬂﬁw ﬁau%ﬂéeﬁmdw (Sample Buffer) AUNTM
Mapping JEUINUNY Inphase 118¢ Quadrature (Vector Mapping) Amufumuun (Inphase
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