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The Effect of Multipath on Carrier Frequency Synchronization
Student: Jen-Heng Liu Advisor: Dr. Wen-Thong Chang
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Abstract

In the communication systems, the channel multipath fading will cause Inter-symbol
interference (IS1). In this thesis, the Square Timing Recovery is used to get correct Timing.
The design of carrier recovery subsystem is used to compensate the frequency error. However,
the convergence of the output constellation from system is not satisfactory. Therefore, we use
the Linear Least Mean Square equalizer as last stage to overcome the constellation
convergence problem and compensate carrier phase error. Finally, analysis of channel fading
on the timing and carrier frequency- error effects in Matlab/Simulink simulation toolbox.
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Luise & Reggianini Algorithm LMS Algorithm

Bl 3-1 QAM Receiver
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3.1.2 Simulink #&jc=g i

From

Preamble

Buffers

1234
Digital Clock1
Gaind
B «
JG |
Sine Wave | Product? Stuare root
Raised Cosine
Receive Filter
TN
Sine Wave3  Productd Square ol

Scope

Raised Cosine

15 C] Receie

S

c_wnam.jam

=

Reakmag to
Complex

Buffer!

a 10
(=
Integer Delay
Discrete-Tirme
Scatter Plot3
 Squaring Symn P vk Sig[—
Timig Sacany Ph Frequency Recovery
Squaring Pz Frequency
Timing Recovery
Subsystem
'
Delay estimate2

" o"
]
) Discrete-Time
= it Equalized Scatter Plot1
P Desired Err
AMode s H
LMS Linear Eror estimate]
Equalizer
1
wle Weights estimate2
[ [
Discrete-Time
Scatter Plot?

o {—

Frequency estimate3

2l

-

B 3-2 i
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4r@ 3-2 % Simulink = & & & 4 - B M fiRafi A ice

[ e e 4
PR 3-2 S AR S ik TSR A AR S AT IQ BB A HRk

Bl FBOFE R AR SR RO E R B S 2R E L R R
GELIEA T AT A fOUEF RS2 AL BB RS GRE TR S f

¢ 2 g 2 SMHz mg\.;ﬁ»ﬁg‘ ozt IKaTikp#8 % 36 B m;k SAR A B AR
12 BLA W56 SRRC it B > 187 Ml jik 2 1 S ands (7> 2 421 8% - BF (FH
F PSP E R 20 BREDT Byl & 7 ACSRRC g A 8 sl 5L 5 20 B A - W
B g m 4228 % 2 BRITHF T 28 300 B0 F 10 2 e ) 18 @‘J 41 1%.300
%%§%%ﬁ%‘%ﬁﬁ?ﬂﬁ&ﬁ%@ﬁ?%%%?éﬁﬁﬁpéwﬁgﬁ’Tk
Figor ek A f L din B o & 421 § k|3 ¢ B 20¥100=2000 £ 7R o £

F AP TAR G (T 32 g it i 5 TR AR LS 0 ke BRI A E
Bengh > MG R R R AR g Fo Ao m B R FRE A Bk
FrArRPARES 33 kil - HALMS TR it Bl ke % - =i- FLFHER
Wi gt Befd 34 @ AR 1 Banglh = Sfrack fUR AP v 4R s 17 0 MBS T
ok SREnfg A o
2]/ s Bjeg > BoE & % i 2 Sl
Buffer : e fise? 2& L@ A4 § 3= BAE 0 203 W T 0 Saframe ] i
R A &g hframe rate  # ~ S-S output buffer size per channel=20000 -
bufferl # i&4qz=4 56 demodulation %33 iF #14c 3| % e 4-QAM 2 5% » 2 Symbol time
# 5usec « j - f)4hdG 20 FikFfiE. o d 20 &~ Squaring Timing Recovery /&2
AR 0 A ST~ Sl - =B SR R R 5U(L=Symbols per frame) (FASZ 4 2 — i §
5.7 3 A B P~k 2t (N=Samples per symbol) - #:izi#3% < + £ L=100,N=20 > #7217 &
20*100 shghdc g f%ﬁi-;?] » oY éf_bufferlﬁ%l FBR TG 2000’@?] M- = A 24 - i 2000*1

o R4 LHERAMAERL R -

Discrete-Time Scatter plot : % 7 ] 7~ mﬁglﬁg?] ~ %-#c s Samples per symbol: - i gk % 7
- # » symbol Points displayed: % 7+ % ]+ % 71 $ 1771000 # - New points per display:
%7 - SR - = 37100 B 2 -
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Samples per symbol * New points per display = Input frame size (3-1)
BT BT § ok SL Z_stop time & ok pFRF 5 1.0sec(symbol time=0.0001sec) > 0.01sec
§ LAT100 @ Bk § FA)PF B h 7 LRI F Bt d Ah R R B )5 3 R buffer
% — = 1000 i frame & % & B > #702 & % 3| 1000  frame i&4 > pFRF (53f 0.1sec 1 ¢
B 4eF 8L > & F_%-buffer %% = Symbols per frame=100 » p|+ 12 i % % 0.01sec %AF%“
W TR oM AT A- R AR R E ¢ Ko 4R 10100 B B Ecd ok o
ek B ¥ ¢ &5t $.37401000 B 2k o

3.2 P H A
3.21 FPFE"% BF

d 3 BER R DR T B K g A 0 R A/DD/A B S L 5 o)
AR m AP RFE S EFOREFRS  CREFRRORAE o BB E €
ARRAR L B RE(SETF BRI B R A RSP R E o TR Tining
recovery k== B RERHH0F» B F @ % B 3-3 2 FH 34 fr7 0 B 3-3
g d 8t ed P AP IR D 5L B 3-4 P Ed #ic i edT g 4 R PR a5 T
Bl gt b o d St BB SR R B ASR Pk R TS Kk
FRIEY B8 B IR R 2 0 - B L SR T - PR
BERE iR SR e S RT A BT o ot B S R B BT P
HAJZR - B A5 Tt 5 B 3-5 R o2l A e R PR 55N 7 s g PR
Pefien™ 3V d Bl e APk B e 1T ,Tfu%’J RERBRET 25 A PN
o PR PR o
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Analog timing recovery:

SAMPLER

SIGNAL IN DATA OUT

ANALOG DIGITAL
PROCESSOR )Q PROCESSOR

A 4
A 4

»(~) SAMPLING
TIMING CONTROL chReR

B 3-3 Analog Timing recovery [2]

Digital timing recovery:

SAMPLER
SIGNAL IN DATA OUT
ANALOG & .| DIGITAL
PROCESSOR i ;< "| PROCESSOR
a
SAMPLING
CLOCK TIMING CONTROL

Bl 3-4 Digital Timing recovery

Hybrid timing recovery:

SAMPLER

SIGNAL IN DATA OUT

»| ANALOG DIGITAL
PROCESSOR 14 PROCESSOR

A 4
\ 4

>

SAMPLING 7\
CLOCK B
TIMING CONTROL

Bl 3-5 Hybrid timing recovery

BELGE PRI 0 AL IR R o I P AR T gy~ (01 90 )
Fo TG B BT dp £ PR 2 (S SRR (T - BEBERHIT S BE
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B - BT FTORAETE B E 0 V- BRERIEFOFERE Y o J PR EE R
FORRNESE > G R RIRA FOR R E AR EED 0 A
BEB LR R B AR E SN BB AP FE[2] o A RBERPFIREL B
I A N

(1) #& 73 # 2> NDA(Non-Data Aided)

AR GEL WRIER]E G ELY 3 M TP RN E R R A FREL AR
Shig B RE R e A5 N Flet 3 F Y e Ap A R AT b2 g A M-QAM e
M-PSK 3 % 1% 5L -

(2) FgetDA(Data Aided)

B

Fii® #4 K DD(Decision Directed)di c sk #-Beik i (& #7117 (€ (g 16 4 2| %710

=

FEELG o gt HEE I e R PR B T - BB o PR AY g

(IR R S RS L iy S R R 3 A

PEE% B ) DR (B RS HT A & @@ (Feedforward)few 4% (Feedback) = 48~
i o Yol 3-6 #77m o P AE S ST A e PR e O 2R 4R 0 1 TELE R 29 ik i RN R 0
EHUERRL  doR] 37 90T o LA A SRS WP B B 2 g
PR P R 0 A BRI T FL i KR R i

Input Output

Interpolator

Timing
Estimator

B 3-6 Feedforward p¥*% Ir 45 2 1
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Input Output
— 5 Interpolator

Timing Error
Detector

a(k)

Controller Loop Filter

Bl 3-7 Feedback p=*% IF # 7 1%

322 pmrRfrfimd 2

145 2 RR[S] ¢ A dhend S R 5 3h ik £k (Square Timing Recovery) = i %
ST S e B T A A R A (G 8 B R A
BB UT g g > B T LB Bk pE IR > 4B 3-8 77 o

I ‘( l ) 7\ 'k '\‘k (m+1)LN-1 - )(m . 1 8m
—_— gR(f) _/._> = > z :\.ke_a‘-'.u‘. N b arg() >
T \‘, k=mLN 2

Bl 3-8 Square Timing Estimation Algorithm[2 ]

A A B el B et (3-2)

r(9) = Eiweag(E=nT=eOT) (32)
$ N 3 ehB 4k etk BB R 7)) 17T S 53 o3t (3-3)

v =[S g —nT )| (33)
RIS E (348 UT g 5 4 £

X = Silmin e PN (34)
e (7R H R
En = —%arg(Xm) (3-5)

DNE-A) R & E AN B ELAIE S 2 > W iF LN Bhendpic® 2 F g g UT e
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dHE A E o um=0 kiR
LN 1 j
PP RAR S S F = fo/LN > 1T /f@’”*i?-f S EH AP OB A 7] BN R R
fsenglhiic v d T N(3-T)E

11 fs

NTg N

=Ly [=F*L (3-7)
LN

Flet o B(3-6)" £ n=L TF FPN3E-4) REFER RS EHRBPREEIEFNE T

B fd i A AR AT R — A AT L TR o ho ] 3-9 g » SR R B
LA S KRN, I L AR Sy it 1| @?J:", 1% 42 #e(L=Symbols per frame) > - & #

¢ poaenBeik @ BcE (N=Samples per symbol); ™ & steb|d ks ii;f]:".;e‘}tﬁ’» 100 @
TR R R R LR 1000 A2 a - Bt s 7 20 B R A N=20 0 FGE 20 B
AP B AR R AL Bl T3 R E RS kY 5 82000 &£ (100%20) ¢
PR s b B0 20000 L FR R = @ raised cosine R A P R [ HLAER L 5
100 £ * iy 98 sym PR RAR 15 enis B o gt i’oﬁiaal“" 100 % 4F #cengfd o 138 ph
5 iR {4 5L R PE Al B R i Btk «u%\w/zﬁ*{* 20 MEELY & LLAriE
o BhhiEE o S EENBRE RS E

B 3-9 %J » 78 L 1% 1 (Check signal attr1butes)%§ﬁ@l »EEE FEEC SIS
A RRET e A 322 RN DT PR @t W - B E ik

B e RGD) MR MmiEs - B[-T/2,T/2] 0 A RFRHFETAK L T8
BBt EAFED - BERFERGOERD[0,T] A b - BAAEE L 20
100%1 chsmed > & (P B 5 B> 20 B9 e Bl - K wR - F A TR GE S Fp
Brdid- PR wRI T
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Check Signal
A} v - o
D-" Attributes g

\

. - N Symbels '_’@)
Chsd: Sipnal Phase 400N o | s outt
Ingtants
Attributes
Symbel
Genarate Sampling Sampiing
Squating Timing o, Comect Instants Y Ro—
Phase Entimater i - Interval 'I s > .om)
Within 0 7] Vactor in terms

$quaring Timing

of Samples
Phase Estimator

B 39 FeRitf T ks

33 IR
331 LR/t

(il 7 NEE IR g R s 2 (6 0 o e 1 IO BLEE S AR e
i fo B E e ARG AP = ArA g & AP B R A R AT 0 B AR A R T
o R g sl el I gl g AR 2 - B AP A A e
R B B E R R B AT R G R A
AL X R - B R R e 0 T B BT R A 2 Pk B
BT BT o ] St B e s (3-8)[3] 47
1, = eJ(O+2mbfTik+00) (3.8

Ti % gm il 3F 25T ARl B > To 5 SUSL B IR p BR ) 5 Af A m ikfemer BiE a2 B
P AR A A0E R AR A0 d FN(31)F B IR BB EEE G dp 3 gL
BT R P TR EL R € AR & @ 0 AP & Aot (3-2)#Fr

@ = 21 *x Af x T (3-9)

11 4-QAM/QPSK ikt St K ki sP 147 5 5 AIMHZ> & # 59QAM % 2 B4 B 3-10
&gV Ap 1 45 (Phase offset=20°) s enk A Bl4ek] 3-11 & A B FIBE G ¢ o
w36 Rl oA GUEPRIES hH IKHZ (hmBE o B AR § M FIBG Y e
487 $rdE > 4ol 3-12
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1 1

=y RS
A7
Ny = N + Npg B LA [ - L
B S S
NAF) = |ZN-; ree 72 SN SN | rerme 2mA(eom)Ts (3.7)

HAAfGAfenGrE > @ 8 (3-11)d * R A 5 h# el < JEI B3 0 M RPE
&_consistent * i asymptotically efficient F§ N> o0 PFF - Fitea3 X Fi73h
Cramer-Rao Lower Bound (CRLB) » 4-7 ;¢

0_2 _ 3 1
CR ™ 2m27,2 pN(N2-1)

(3-12)

# ¢ pE_ UL 22 (Carrier to Noise Ratio )t » %% % p = 1/207 » #-1 58 (3-11) e~ 16 B~

PRI

Im{YN=1 k(N — k)R(k)e /2™ KTs) = 0 (3-13)
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H? RK) &1 p 4p B S0
R(k)——Zl__kHrrl K 0<k<N-1 (314)
B (3-13) % 7 X R G At R E 4 T F EH RO F Y S end e 2 F
o m T A SN (3-15) 2 v R w(k) Y - B AT ORI o A E Lo
T3 (3-16) ¢
wk)=k(N-k) k=12..,N—1 (3-15)

Im{Y¥; R(k)e J27AT KI5} = g (3-16)
FRAREA(G1)E NGO SR LT o dek M B ERGE 0 2 EFR
Aseit CNR i 4e o BId s\ 2 BFeng JEE #3592 LV R 2 4% a X /#F CNR
IR BT F MR A (3-17) 0 #(3-16) 7 Fp e dicid * %:]*‘xﬁia&&fé R

~ 1 Yl m{R(k)}
Af 2nTs R, kRe{R (k)}

IR

(3-17)

3Ty, K 1Rk TR P R(k)= /2™ s 4y = 1+ j2mAf T + 0 5747 12 4
S (3-1T) P e 3E A B

Y= Im{R(k)} = M arg{¥}, R(k)}
SM_ kRe{R(k)} = M(M+1) (3-18)

o S (3-18) 1 i 7 BE s enfe 3t
v 1
Af = o areXi= RO} (349)
5] % arg{Xh=, RO} & & £ B i [—mm] > 9700 3% et B 02 Pl 5 i85 42 - A0 U4 &
|Af] <

dph T R FTRERE BB G s R R B M G B -

A (M+1) (307

3.3.3 Simulink {347 F &4+ 3
40 Simulink 2 T M EZBEAPFREGEMFARE 2 2 SN EBRZPET R
‘?1’;% F}'ir‘rli\ ﬁ‘»’*:?—f v i 7R L %'@-‘ &4 b op P e G kAL B AR

FwE AR s B e R - oWl 3-13
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rbyk Sigf

Frequency Recovery
I ak Frequency f

Subsystem
Bl 3-13 g Fdegr + ks
Estimation
i * 3.3.2 #7k 2 [3]uw B 2 0 B~ AT e 38(3-16) 5

IR

Af 1 Yhe, Im{R(k)}

2nTs YM | kRe(R(k)} (3-159

& i lesdents B 5 (3-21)0 0% B UE ¢ encorrelation & #icei B 0 i@ % 4§ Bicei correlation o

R I R s A R 3 R R BT Mg RO IR CT R B S SRR

Bk 3% i PO P TR R qf - BAERIQ REL FEAF L P g R K

feb el eh s R » B2 2 Ehard b B 28 o d [ ¥ hoexp() kBT @

w(E-20) 0 QG ELY R R A FAF AL - & AR HENT = B LR
[cos(0) + isin(0) ][cos(p) + isin(p)] =exp(6 + ¢) (3-21)

et % el G hE R T R B 1Q & Bhay ¢ B R R R T F Ao ik (7L

Pt @ B R ORI 0 6 AT LB @ PRSI R - TR
IS A SR S S BTk R S il K R FRGRAT o RS R R g
o4 BB TS ET E5 B R

k- F e DA(Data Aided ) fAvif 3% =g 0 iE ek A Rk aAg BTN 0 AT L
B 45 ¥ preamble 3 FAL BT Y T HY T HE LB TR DL dRap L

BRAge o et (3-23) 0 4 Fla PSK R HLenfilitara, =1 % #19 e {aqn'(k)} &

{n'(k)}3 4p I 5345 1e
y(K) = q, e/ @TAfTk+6) 4 n' (k) (3-22)

r(k) = aja,e/?™Tk+0 4 qrn' (k) = /2™ Tk+0 4 1/ (k) (3-23)
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G R AEEREREROR T TR BBEEERAREHM A2 (M 3 M-PSK
BO)[3]ehdn Be(3-24) > -7 ik R BELH R EL 2 RELH RS T BE

r(k) = exp(jMarg[y(K)]) (3-24)

BV IE LAY R k- o R % - E B ehay § 7 Preamble s vk g {2 6012 B
FERE 2% - F LR nT R y(Qd £ @51 r() > e T R i

M EBA A g he 2.3.1 - AR5 /)fg/ﬂ‘» %ﬁf“gﬁ Bz ”ﬁ B th,ﬁ B g1 aJT 0 E R g
%3 /ﬁ—n/z‘mﬁ ’f’iﬂ-/zif)f&#ﬁ% A2 &FrgEk

Group delay: #Efr#t # 42 Jjmd B¢ % - B peak e raised cosine enZB g ¢ oh i 5o &
#HXE 55 fj‘%{g’u&»}&:ﬁ%ﬁi@;‘/ﬁ;ﬂ\ s eogroup delay ¢ & 10 & = 5Llic; “700 & #ap i
k=g LT 0 B 52210 B FEL H PR OF R L] g TR -

Filter Gain: @ii?’"i'?&’li«%l/a/ﬁ % F % SRRC /fé/ﬁ» gﬁ% » 4r t ?/ﬁtﬁl % fo EAR I S gtfé !
friAdd ¥l ¢HRITAL L FORF > F i LFE Y RO T §AD A
AR BT RS - LR f Thllc 0 BIRIGI B Ty R E e

R E AR N(316) # A BAPR SiBc- BEFHG (TAH R A4 0 - BIAFHEc
FOTAFApbe o B A Pf&rﬂa%;}p&é@.@:ﬂ AR TS O B I 3 SnBeiinte B 218 #B",% * B
L {8 e ,}#{E\#EMQ:@:% WRIGhT IR EE & B > 91 ,_-v-_;\,}iﬂ;ﬁl TR b

"EAP M S B 0 P RSP M Sl BT i d RARIRIT Y - 2 g |Af] <

T(M+1)
;‘% H -n ?a]%] ) '_’E_‘?S‘L ,;'t——l *E] Fgg \Jrﬁﬁ:/k ﬁ;:g lé T’L )‘Ll—"ﬁ?ﬁlﬁ / ) t"'-i‘,l"j ]’i}_? T:E‘__!’ f’é %‘L

A FER 2 3 4 B AR Fifen -

ak

Bl 3-14 U A+ ksl
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Recovery

B 3-14dent F 2 e d RRAE SO F s B R e AR R 5 - £ 90 A% et clock
THAL - BEREEFFES AR G lusanF A o d NG RIR T AR S nip Bl T A -
Btk - BRI SEbuffer P4 - L BEE  BRFR- FLRHRERE
iR R S SERLNLEEE S QUPE RS S S 3 A E) - €IS RN S &k B LE
(3-25) -

rer(K) = y(K) x e 2T Tk (3.95)

3.4 BT
341 SREEEEEFIE

BP E B B OB T B SUEL § P15 IR PR B B g A e A g
R a e R 7 RPRSIRUE %:“@ﬁ%]/? AR

FH R BROE BREAT A BRI FRER DR R
#Egém@ﬁwﬁimﬁﬁwﬂ%ﬁmﬁwouﬁﬁmﬂ@@ﬁ
i @%J Er% ik (pulse) » B fedd i fTi e Bl 2 5L - ¢

g - "7 (pulse train)m # H X § - BP%ha & o Fla pFwaniy dih? > iy
if 85 'e(Band-linited) » 5d i By 1 A {ci § Jc2l- @ P sinc A A
B ipk REL AP € A4 i B (spreading) o » ,T‘u{g A4 @Ea i (ripple) » ¥ 3%
gLz Bt en* g2 £ dp(Inter-symbol interference [SI)#c/f > 0t 7 & i BiE

NS R

PEAMFEd 7 RS
ERPEE: @ﬁﬂ /{J_—p\ m%‘
P ki o T

~\

i A
WP FAPRE S ERAE

AR ek g B BE - B F e it B(inverse filter)E(z) = 1/H(z) » #3241 id
i y(n)& x(n)enf k4oB 3-15 A

y(n) = apx(m) + a;x(n —1) + -+ apx(n — k) (3-26)
FArer @i i A T S A 4 ISl 5T JRAET T L IR 0 S PR
FRBEEEE S RAGEX(M - d)frE R EEM) e O REFTFEL 0 B d LK
WREFE 2 RPRE T Bl FIAPEL Y o
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Decision delay x(n — d)
Delay
x(n)
i) /Estimation +
v(n) output VR
h(n) Adaptive —> zj
input N
Equalizer
Error signal
Decision >

W 315 3 i Rk 4

342 MELMS i+ =

1L % 1 % (Adaptive Equalizer) ~ 32 b ik 2845 ¥ 4 5 & f8[10] 'S. U. H. Qureshi,
“Adaptive Equlization,” Proc. IEEE vol. 73, no. 9, pp. 1349-1386, September. 1985. > 4+ %
it ®(Linear Equalizer)ztaa £ i = (Nonlinear Equalizer) > ¥ & - 4B 3-16 » tap
delay sH&1 i = & - % (linear transversal structure) » 3+ 28 45 ik ZERIF 4 2 B 3 B fy
Hoaf 2 P2 BadFeEr 3 Uk e oA B ARFLET 155 F L M0
(Mean Square Error) & g=g £ 7 % &7 iR G 5Lk ) ehk feoo

fe ® i Bl = 22t & 1 £ (weight) 58 o 5 @l i gL
Frens LR d BB - A H e ATE C B € GBI NP i R B
Mo i & F A ks g IS LMS i 22 ,7&{;;:}7; MSE & B * ' T 5 H0 B 2
(Steepest Gradient Descent Algorithm) - % i % 4c 4 th #icen— fafiw 2 p) > 7 3 & F4p i

Sffes 3R FAEE S FE PREGHE > F A - AR LR TR e
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ol D D [T ™p>p —®p [~

-N WoN+1 W Wo W

b

Desire signal

Error signal

\(3-27) 5 d, =

F}.

&
o

ATy o 4t
3% symbol & g E Gl

= :'K‘\:llgt
4(3-29) 0 F P w R AAFBWAB T B

3’1 = Z?=1 X W] (3-29)
LMS i 5% ¥ cn i1 > 5% BT SR KB w0 R T - BEE S Bw,,s

BEs Bwh L RV EREE

Wiy1 = Wj — ,LlVJ (3-30)
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Hopd - Bl atioicacd Rehddic ZAaEH P I A Fw i § adiin
o BT P B R

a] 9] a]
6W0 ! an ren 6WN_1

= 1" (3-31)

— T

#(3- 32)%’@:1““ BB EarE g T V]= —2E{x,e } Mgt s8R RN
EREL e Bwo 50 {0 AR R T REE R E TR E R A
TR P AR ARG V= —2xe, 0 W #H(3-30) 1 % (3-33) ;

Wjp1 = W; + 2ux,e, (3-33)

3.4.3 Simulink LMS- & i« ®3 & 5t

Input Equalized )
Desired Err )
Mode Wts )

LMS Linear Equalizer

] 3-17 LMS Linear Equalizer

Bl 3-17 * Simulink block ® &2 LMS Linear Equalizer it » b = BL i@ iv 4
d A NMDIMS AT L i H 2 oS ET I Br &g iE
B
Number of taps: st % i* B¢ gl Bp ctaps #ck % 6 °
Number of samples per symbol: * i symbol ® B~/ mB~tk#kc 1 -
Signal constellation: iz * QAM % /i@ -
Reference tap: ¢ ‘g & /| 3% %> Number of taps:® ® /& 1 ¢ 3 Number of samples per
symbol 7% #c -
Step size: “ IMS#iw& & %rd ch:Epy # o
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Checdk complex, FB,
1 > % Pl Out P{Signal
C) = vector, fit pt L I “ T o
Input utput f——————————— )]
Overlap Equslized
Check complex, FB, | Deziced
- . esires
vector, fit pt X |
Desired
for{...} Err
Em
ol =|\Q\ plEuiiLen
- [
B 3
@ > Chetx. Signal ») Wi -
Attributes Wits
Mode

Subsystem

] 3-18 Subsystem I
LMS Equalizer & s 3% BBl % - 3 & > 4@ 3-180 — &3] s p ﬁi%] » 78 input
u(n) -k e & e Rl f]*uii - FREErELEN T RBIE S FEHE S
Bonfg g A2 4R T EAfizde A 0 Desired d(n)s MR Rk E o eI T ¥

% = i» MODE iy~ #TIL S8 47 dg 7 training mode ©

-
i out

This subsystem appends nTaps samples
to the input signal. The purpose of this is to remember
the previous nTaps sampes, as they are needed to
compute the current weights.

B] 3-19 Overlap
Overlap: ¢+ = iﬁ,./,"]‘i‘g taps eB~{k B ¥ input nE B = - EE B 6 chvectors 0 P ehE 3T

B e 6 B taps FhiE kB P @ o weight » BiE » T - %2 5T - % signal mﬁ%l IS
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&

Compute Output Size
Gy P n1 Outt uf

To
Signal Output] > outputSigSize
9! Sample x EqSigOut

Output
Decision Feedback branch Product u P
Linear EQ branch >

Buffer, Shift and Flip

ik WisOut
Wits
Wisin
Error Wis » z"
Previvts Filter Taps ErrOut _@
P Errin Err
Weight Update Algorithm
Lus
Assign outputs
Zero-Pad g pL

w/Reference port

Selector!

decision -

Sice put <

desSize

ouf

- Slicer

Mode

Mode Select logic

= Forly)
(F U'”)

BufiLen Goto Tag
Visibility
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