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The Sart-up Timing Recovery on Single-Pair High-Speed
Digital Subscriber Line (SHDSL) Recelvers

Student: Jun-Jie Lai Advisor: Dr. Hsiang-Feng Chi

Institute of Communication Engineering

National Chiao Tung University

Abstract

We will confer the timing recovery of the SHDSL by the Recommendation G994.1
handshake procedure. This Recommendation provides a flexible mechanism for various
Digital Subscriber Line (DSL) transceivers at-the start-up procedure. SHDSL technology was
available over a single pair copper line with single tone carrier frequency, for the implement
of the timing recovery by the Recommendation, we provide architecture that base on the
Non-linear Spectra Line method and non-data aided with all-digital way without additional
control circuit adjusting the real clock timing. Including of Digital Interpolator for digitally
resampling, Prefilter for filtering noise and downing the throughput, Timing Error Detector
for computing the timing error information, Phase Lock Loop for the convergence of timing
error offset. After achieving timing recovery, we will decode and recover G994.1 transmitting
data.

Timing recovery, equalizer, echo canceller, crosstalk...etc are needed at the start-up



procedure of the receiver. There are two mgor parts that are pre-activation and activation part.
In the pre-activation part, the system of the timing clock should have coarse adjustment by the
G994.1 procedure and fine compensations. During the period, not only the compensations
will be well operated but the clock offset shall be within +50ppm. After entering activation
procedure and data mode, the clock offset should be locked in a small error range more. The
compensation works will be deeply impact on the error range. In this thesis, the fixed-point
implement was simulated on C language. Without doing any compensation, we successfully
recover the timing error with the demand for +50ppm clock offset range at the pre-activation
process. With using more bits on each stage of the output, we can promote the accuracy of the
clock and reduce its offset range to +10ppm. Theresult will help receiver to have more time

to do other compensation works:
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1.1 DSL @4

DSL = &_Digital Subscriber Line ¢ # ff- (t#ci=* = Mg v |- fLET 5}
WG R 2 e B2 B d 4 o3 3 T 58 e i (Public Switched Telephone
Network(PSTN)) =7 ¢ # e st & @iE 531 o PSTN & o £ 16 4 i % 3% eh T 38 RA%
(Plain Old Telephone Service(POTS)) % 4 1k 5 E.p m A B j e & iy LA ¥ 5
e T A A R A RO Bl ey TR L R KRR S R BIR

& @ xDSL @ﬁiﬁi;tzd?fg Flyt poenm A4 o KT AP A & DSL # B AT chfasE

XDSL
| | |
HDSL ADSL VDSL
HDSL || SDSL ADSL 1Meg
HDSL2 ||IDSL RADSL | | Modem
G.Lite CDSL

B 1.1 xDSL i % E Bl

DSL 2 & &5 7 FIE &7 b B R QR OT LA RN L7 kil

PR T REE 4 % DSL afEsE A B e



VDSL (Very high-bitrateDSL) : # T {7 & 3 6.5~ 13~26~52Mbps-> * {7:i& &
% 16+33-65-13Mbps- fedrd 1 3 45Kft.> 1 & B* A F M G o @
* ATM @ 2o

ADSL (Symmetric High-Bitrate Digital Subscriber Line) : @ﬁﬁij&i'f 052
8Mbps t # 64 1 64Kbps> B @miedr s 12 1 18kft.» L4 17] AMPEG ¥ - ¥
#af i ~ BRA-ISDN T B - %412 ISDN HO i if (384Kbps) ~ 64Kbps #4741
WiEfr— B POTS T B o

ADSL Lite: H & % ™ §*i# & 1IMbps } @& & 128Kbps > ric— Higg8 7 7 4~
4 % (Splitter) » f S EPEE BIFT 4T AL RRERD ¢ § POTS)
P DB it - e

RADSL (Rete Adaptive-DSL) + H @ 2@ it 34 & > T (7 & 5 12Mbps> * 7
# A % IMbps: @ BErA 12 5 48Kftsd ¢ i Euw sua g § chiE R & _ADSL
i AT - AT ke 6 POTSs

CDSL(Consumer DSL) : = ¢ & ¥ 5| 1Mbps > * 7i# & i& 16 3 128Kbps» £
ADSL frRDSL #pffoi¢ * H¥tam = % =372 7 0 3 EH> ¥ 11 8 2% A (wire)e
HDSL (High-Bitrate Digital Subscriber Line): # 2 4t 2 £ 3 $tat i@y £ +
T @S EREF T 5 1.544Mbpsfr 2048Mbps A 48 % 3¢ o i@ fijEEd 12Kft > 2
Bt * 2T F ELR it b o

HDSL2: * H $fatbaiby - # 1 -7 (7 @@ 5 5.3 &  1.544Mbps - 46> &+
BEALE R 5 12Kt o W B s TLHAE B & -

IDSL(ISDN DSL) = #  ~ 7 {7 iy 5 & 128Kbps jEdt = 18Kft. - 4t 7 B

BRA-ISDN B if if » & 74l » ¢ 3 POTS-



» SDSL(SymmetricDSL) : # 1+ ~ 7 {73 & 4 12Kbps 1 1.024Mbps > — 4& %k 3 H
W i 768Kbps > 1245 @ fid & 2 e A EEAEL 115 ] 22Kft  HARAE B S

AFE®DSL#E Fa- L & 7 POTSe

Poan ¥t it S BB R R {EE P (International Telecommunication
Union ( ITU ) )%‘ﬂ Pt ol BN TS SN ER 0 AP R —
G941 - Mg Fehie &0 LR ﬁ@ﬁiﬁﬁﬁ?fﬂﬁ%ﬁ 2 RRRRE T S gt &G A T
3 oarig @ﬁiﬁfﬁiﬁﬁﬁ?‘% TR R G M- PR E A R

v A& B4Rt SDSL W 1 RATA 1 PR ehf i > SDSL & 4 4 1% SHDSL
AR @ Bt 2w i (Symmetric High-Bitrate Digital Subscriber Line) » @ G994.1
P AR E 7 p e G99L2(SDSL),. G992.1(ADSL), G992.2(ADSL Lite),
G992.3(ADSL2), G992.4 4r G992.5(ADSL2+) f;i;ﬁ%]’r% TV R Bk SUfREs PR B enn
o T OLTER R G B endicin R S AR e 0 S D 2k R 9 hi

¥ ° I%T%&SHDSL GAHE AR

Customer 1 Application
Interface(s) i Ll 7# SRU 4‘7 Ll B Interface(s)
optional
Application Application Appl ic_ati on Appl ic_at_i on
Specific Invariant Invariant Specific
Section Section Section Section

B 1.2 SHDSL Transceiver Unit (STU)# it F 5. B



B 12 #ro7 cn¥_ SHDSL i# 4 ®(SHDSL Transceiver Unit (STU)) & @ PR =3
(STU-Remote)2r # = :4(STU-Client) ¢ R ¥ E B Fehs it 2 6 -3 5% ¢ 7 ¥ 26
* 2% 4 (Application Invariant Section)fe4F 7k & * % 4 (Application Specific Section) -
FARET 84 ¢ 7 1 F W4 (Physical Media Dependent (PMD)){- é.fﬁﬁiﬁﬁié %
N g k-4 (Physical Media-Specific Transmission Convergence Layer (PMSTC
Layer)) » @ £ 7k i * %A R % * A b ﬁﬁ%ﬁ@ K th g5k 8 ﬁ%’r‘;’e Z_(Transmission
Protocol-Specific Transmission Convergence Layer (TPS-TC Layer))fc% i# 4 & > 4@
AR RIS T AR H B jrfv@ﬁiﬁf; B TIA T TR ﬁvfﬁﬁiﬁ’r% ¥_o SHDSL #

# % (SHDSL Regenerator Unit (SRU)) & i > 15 5L % 5 o

PMD i & x5 -
1. #& 4 E.pF% 2 42k (Timing genération‘and recovery)
2. YaFh % j%75 (coding and decoding)
3. # ¥ & j23 (modulation and demodulation)
4. % + 2%(echo cancellation)
5. % i B (egualizer)

6. 4=4e:8 % (link startup)

PMSTC Layer & & ¥ _a4=2 &2 4278 = ¥ (framing and frame synchronization){r
378 &1 2 ¥ (Scrambler and descrambler) > & 35  i& Jx SHDSL = 2 mﬁﬁé_ 4 e
B @ﬁiﬁﬁvﬁ@? s o g@;,ﬁn;ﬁiﬁ dr o

SHDSL # F #4486 1 = 5% 5 16 1 PAM(Pulse Amplitude Modulation) - # 1 pt



e
0000 -15/16
0001 -13/16
0010 -11/16
0011 -9/16
0100 -7116
0101 -5/16
0110 -3/16
0111 -1/16
1100 1/16
1101 3/16
1110 5/16
1111 7/16
1000 9/16
1001 11/16
1010 13/16
1011 15/16

#'1L4. 16 [% PAM %1k %
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Bl > SHDSL % H#g: %> 5% > * GO94.1 <723 % 12 5L % 1% 5 & M4l PEok iz B0 3 iy
FIFALE R FZF S0P RAFREH DFE 2R TG - Bdew A P g
FOEZ P FRE . FESLAPFRE Y TS (dda traning) - & T B
A2 MK R KPR R X2 5 2EFR o4 (Non-Data Aided) * 3¢ > ]t
# § 3 4 & (Eror Propagation) PR ATA 4 o ¥ L gt EATRRE 0 PR
PRFA R E TR 2 S B MRS BT E 1 B34 2 3 (Interpolation Method)
FH NP E o 5w Fo T ak(fixed-point) > N B B PR 0 R B
& B P4 GOOAL PFr A AR (+ 50PPM)SIR FTEUR 1 L B g AT iR H him A S 4

g o TR - R R R B PR AR L R B A KT



%= % G994.1#F#F44&A &R (Handshake Procedure

and specification)

21 jxstfh
AH 3 & B AR GI9AL # PMD - 4 (Preactivation) 1 £2 2% w 4 4935 15 » 4

it T PER P i 1) 50ppm B R LG o

G.994.1
Handshake
\% 2(t)—>
output at

_ Probe loop
logical __ d(m) » Scrambler - s(m)i» Mapper - y(m)-» Spectral interface
ones Shaper

B 2.1 PMD # % fx#s %+ 473 (PMD Preactivation Reference Model)

PERF A m 457 #4505 (symbol rate) - t Rt BFRF 5 471305 (probe signal) &
2-PAM 2 % > #rn i A F E RS d(m) 5 5 i 348 - (logical ones)?'rvﬁiﬁ * B
re it Scrambler » Scrambler ﬁiﬁ MR ELE S(m) > G994.1 ¥+ H Scrambler Polynomials
EiRAcA 21 ) ot Ao BiEHE & L 48 4 21475 chpolynomials iE * #® & polynomial
d Bl GOAUL RN AT > - L GOULEFHFLE » B Rtk
“+3% 3% ¢0 polynomial & » f??ﬂ‘ii@ﬁiﬁﬁ;“ F R Lo g E%‘](Mapper)ifﬁiﬁﬂi y(m) 4e
Teble() =74 7 » & {4 4y 11 Z(t) 747 3 % 3] (spectral shaper)~ i+ 5.5 ~ ¥t p+ ¥ (duration)

% {5 =4 3 & (power backoff) s # %5 d G994.1 48 5 p #1id-7_o



Polynomial

Index STU-C polynomial STU-R polynomial
(i2,i1,1i0)
000 s(m) =s(m- 5) A s(m- 23) A d(m) | s(m) =s(m- 18) A s(m- 23) A d(m)
001 s(m) = s(m- 1) A d(m) s(m) =s(m- 1) A d(m)
010 s(m) =s(m- 2)A s(m- 5)A d(m) | s(m)=s(m- 3)A s(m- 5)A d(m)
011 s(m) =s(m- ) A s(m- 6)Ad(m) | s(m)=s(m- 5)A s(m- 6)A d(m)
100 s(m) =s(m- 3)A s(m- 7) A d(m) s(m) =s(m- 4)A s(m- 7)A d(m)
101 s(m) =s(m- 2) A s(m- 3) s(m) = s(m- 4) A s(m- 5)

A 's(m- 4) A s(m- 8)A d(m) A s(m- 6) A s(m- 8) A d(m)
110 Reserved Reserved
111 Not Allowed Not Allowed

f G994.1 ¢ v ¥ Fod Hiosu(preactivation mode) b = scrambler 2

% 21 ¥FEE % 38 ;% (Scrambler Polynomials)

*HR g TR

=

(data mode)jh chjp fe » o dfshd- wE polynomial k (FIEAFARR o L HP LS e AL

B ﬁgﬂ]

T FEPE% P o scrambler NEFERA R BE KL R o

Scrambler Output s(m)

Mapper Output Level, y(m)

Data Mode Index

0

-9/16

0011

1

+9/16

1000

% 22 G994.1 @?] g £

SHDSL i = 5 5 16-Trellis Code-PAM > #72 y(m)diy 41 0 22 1 $Fpk = 58 Jf o

B 16 B3 AR $H G -

B kR GO94.1 A2 B 3t i

=28 e

THE GRS

9

Rap 7 & g 2 ¢

o MR SRl 1 10 cTlicdy (S48 Scrambler

EN TR @] Hoslag i & ;L%—f? FLed

o ¥R P RIE




AR RSB EARGEIL

G994.1 signal generator

Q
o}
a
Q
4
@
=
(o)
Q
A 4
<
3
o
R
A\ 4
<
o
a
c
2
o
=

Bl 22 G994.1 7 54 4 B

e GO94AL it ¥ A dnfade iy B A B AP PR efe A 1L 2 S fRAR 0 A& P RS BT
Z_PEMREA e £200ppmp 2 Sl fRARFERE G TR Y AR SNSRI BE Y

B2 SHDSL 742 i i 102t e 4 ) + 50ppm v = -

22 READR

S 8 XDSL ehdfe (T30 3 5 PGS O B 5 oot LR (TR0 T GO94.1 & T
Yo BIEAR B P Y G S AP YR S 5 TR R 53  (signaling family)# #l 4T
(A AP S A S & L S

GOOA.L f1 ¢ X g1 i BN AP M BT A 239 % 2407 B A
HE BN LiFppER* o

i+ 5.5 (symbol rate)fri* A 47 5 (carier frequency) ™ 7 TF i A # 0 A RIRE S
+50 ppm > @ f AR AR A 47 @ 1 pF 5 2200 ppm o 2t F AL @ﬁiﬁ%ﬁ;‘ JE 15 P fS

& A +50 ppm A p o
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221 M
n 4.3125kHz 13 %% % (signaling family):
gt ORLE LA F 5 Nx43125kHz 0 N 5 B #k > B o5 R 5

4312.5/8 = 539.0625sym/sec -

Upstream carrier sets Downstream carrier sets
Frequency | Maximum power Frequency Maximum power Transmission
indices leve/carrier indices level/carrier mode
(N) (dBm) (N) (dBm)
917 25 -1.65 40 56 64 -3.65 duplex only
37 45 53 -1.65 72 88 96 -3.65 duplex only
7 9 -1.65 12p 114 , 64 -3.65 duplex only
917 25 -1.65 727188 96 -3.65 duplex only

# 2.3° A4.3125KHzZ 5 Hiws i L & £

n 4kHz 3 5.3 % (dgnaling family):

Bt L OLE L N x 4kHZo N 3 B (505 R % 4000/5 = 800sym/sece
L ,; }uép_g;_ P "ﬁ — fﬁg\./ﬁ\“s ;\4 o
Upstream carrier sets Downstream carrier sets
Frequency | Maximum power | Frequency | Maximum power | Transmission
indices level/carrier indices level/carrier mode
(N) (dBm) (N) (dBm)
3 +5 5 +5 hal f-duplex only

124 MkHz pHEmOPRL RS

n



222 A3 N
PR EHE PR F N R R % 2 54— Differentially
encoded binary Phase Shift Keying (DPSK) > # & #j =~ 1 Rl 4p =22 % - = < g4 180°
FOE =S ORMp g - Ak 0% @SR T ¢
(0 = &R coslzpfit+] )2 8 A, wect(t- i) o) ()
ée i g €en A
e 3
% % i g (signal convolution)
fiRTE B
Jifd s - B LR
T HELE
T =(8/43125)#) 5 4.3125 KHz 3855 = 5 (5/4000)F) 5 4 kHz 2 s53% 2.
An=t+lor-1 i differentialy encoded :
An=An1 FHA_by=0
Av=—Ar1E E_b,=1> by % 7 & B symbol ehiz~
rect(t) = ;2535\ (rectangular pulse shape):

rect(t) =1 [t| < T/2;

g(t) BEimit F % BT

12



SHDSL #7i¢ * 4 ®emu s AKHz B SH m» $0 AKHz B H w5 B - 4 -
R AR SRS VSRS S REFA S LT VS S 3L Ra s R
Fo A KHZ e T & 713 B R 5 B % i £ (rippple) & /| *+£0.5dB 1 % 4t &

(group delay) % i+ § i AZiE ik 4 5 % % o

13



23 RITBHEFLR

T Bl 2.3 #7 & 7 «7E_HSTU-R(Handshake STU-R) £ HSTU-C(Handshake STU-C)#~
it PR R R 0 B RUEH AR A 2 5 HSTU-R 4% R-SILENTO # $ij3% b
fi HSTU-C 4% R-SILENTL @3 ok i > 455 HSTU-R 1335 1 b g enfda & =
o - H g e 8 (R-TONE-REQ)# 16ms4p = F f— = » § HSTU-C i iRl 3]t & &
FABLPE RIS R enfEsE e KN F ) C-TONES 55 > 4 HSTU-R 3315 B 4%
R-SILENTL ji i # #ix e # % ) 50ms 2 500ms > oyt #F F i E_pFr%4h o ehid 17 5
s % RFLAGL 7%, @ @ B3] CTONES & ®pFf 5 50ms> 4§ HSTU-C #p|3)
R-FLAGL p& Bl w Jis# 1k 355 > % HSTU-R 1 ip] 38 1k 308515 Pl s ‘e 4% R-FLAGL 2
Bk U R RET B 7 G

- ARt PR A T RSB IEAEE ot , pF R HSTU-R & R-SILENT1

dufk g R E FIFALR AT T pER o

200 ppm HSTU-RTX tolerance 50 ppm HSTU-RTX tolerance R
16 ms

R-SILENTO J ‘ —R-SILENT] RFLAGL To Initial HSTU-R

HSTU-R B R-TONES-REQ g - Transaction State

A tZ A tl
ty

C-SILENT1 Y Y To Initial HSTU-C

HSTU-C C-TONES Transaction State

T1531800-99
t, <500 ms

50ms<t, <500 ms

Bl 2.3 Fjzzga- @ i s AR R

14



24 SHDSL £ EB & N EHERLEHR

Interpolation | . Timing Error 7<
Filter Prefilter Detector

)
TS

Phase Lock Loop [

» (G994.1 [P DataDecoder——™

|' ___________________ A
|
I R FFeed ; R . Trellis L, Data Mode .
| Lorwar i Decoder | | Clock Synchronizer [
| Equalizer |
| Decision :
: Feedback |
I Equalizer I
P ——— | | | | | T J
Equalizer

Bl24 SHDSL 3= % 3¢ # Fl

n ADC :
S SuAeE SRS SN %ﬁﬁ G RO R TR G LB R o B Bt S By
PE IR T A A = HCRR %45 1400 ppm sz £ ) o d SRR %,{;rfvﬁi% R o
PR F )8 E 2L 9 R F G B AT % R BRI R( F T RAT
(Interpolation)z:* & » 12 i {4 F % @ > ¢ 7 ADC J B 7 Z tahE o

» Timing Error Detector :
PR LY GO94.1 PERRAR R ARR TS A WA AFE A0 E ML g K
% Interpolation % . » & G- AP FIEERFTLEY - L@ s

Ffﬁu"

o]

$1£50ppmz. poo 3 = R - JE R
» Phase Lock Loop :

SHE AT S S PV ER TRV VS SR S ST Y b

15



FdF - iR BT E - oA o

P’_‘-

~ Interpolation Filter :
Interpolation ¥ .| £ fa— S 4EH - E @R E Lo F A > 2 FA5® ADC

TR 0 R RO A R BE T e B R L 5 e

=
é‘ll
@

- =X

=

FiE o F ATREE P LS RER LTS F RS
Potk WP IR AL > H im0t T - 4R -
~ Equalizer :
RS GOAL LS P R - AP L e THRESN TS
PRI FEERAR R T RS & G99 AheFEE T R AR R
e e N PR IR BN A 0 B K T AATE R TR R
Bl FlotE o B R R #ek A (v B AR AR R L T

LA A o i A

E)E%

B A b PP R > A R B
AT ST SUR R CEE 4 2o Bt A L AT I SES
» Data Mode Synchronizer :
FHEHRA LI QL  ARTENEA T ZOE TR B R A= R ode
MMSE(Minimum Mean Square Error)p#% %4 # ] ~ M&M(Mueller and Muller) = #%

FA MR EFE o T MR A A F R

16



kS
Jin
e
B
A
g
]
(\»
%
Y

PEER PR PR R 0 8 - RURIPRIREA RN o AR R IR PR TR e0ig 1 2

1 #ve s
RSN B e U {Eﬁﬁ#‘]ﬁ NIEE B PERY o H R R s e
FRH BRI PR ARG D - % o PR I R R~

B 5L 5 (Symbol rate) e 5 38 @0 o LB k1 ISR~ sl f BB i

@ﬁ%ﬁ%ﬁﬁﬁgq¢&1@&ﬁﬁo
Analog \ . | Digital
: Processor T "| Processor

@ sampling clock

B 31 & AR R E

2 RE (M) 5
BB SR G e AP B L Rt RO E R G PR AL~ S

BRI GRE F ILE B TR R DTSR R SRR T 5

B R E AR E A DR A TS R LD R

17



ks
S
piiE]
5
by
A
-
=
=i
N
Wi
ket
W
A
Ve
o

Ana_log \ . | Digital

Prefilter " " Processor

sampling clock { VCO

3 ki

@

’ifn—iﬁ@%%ﬁﬁww%’ﬁkﬁﬁ*$ﬁ¥%kﬁﬁ%%%ﬁ&f
5;};%9@?;% ) ﬂé*&_l«l'{ﬁmgﬁ%ﬂ b % g %%}m#gh—r s %m_p
f{ff" T m E A /?Ibfr N2 E )‘L"J‘ i@ ﬁgﬁﬁk‘fi AR T

FTA L AT — AL Bt 5 PRRRTECAR R 5 d SRR B S P

BRI R T AR R I A P et el A 4 R HR TR

Analog N Kf | Digital
: Prefilter — " Processor

(0 fixed sampling clock

Bl 3.3 it R4 R B
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M oiEBPREREL B E AT A LA
1. @& F 4 2> NDA(Non-DataAided)

BOAPERL BRI B5Y M TR B GE B2 B RS 0 A
e B S sae A NEn o TR T Y Rl L R L A

M-QAM fr M-PSK 3 5 12 5% o

Analog . J Received .| Symbol | |
: Prefilter (I Filter Fe- Decoder e
I /Y -
mT;
Interpolator
Y A
Symbol Timing T =MT,MIN
Estimator K=gn/Mg
VCo ) NDA

2. F# v DA(DaaAided)
AL E 4274 K DD(Decision Directed)d o =4 #-B~ % 18 5 717 & 518 4 i 2| 47 @
BB AL e T LA R R R T - AP REL o MR Y A A

B AP PR E S VRS AR ST S o PR L B EBREAL -

19



Analog | | Received \ Symbol _
: Prefilter (I Filter J P> Decoder o
4 i -
mT;
Interpolator
vy A
Symbol Timing T =MT,MIN
Estimator K=gn/Mg
VCO X J DA

B35 Fige ;L

3.2 A4 kiR pFr% e % B (Spectral Line Generating Clock
Synchronizer)
SHDSL & i 4542 5 pF & F AKHZZn B 3 S H Ap 2 % 3% > o102 f, 8 7 24

oo AT Bk AR ] 05 0 ¢ Rt et B

r(t) = §cos(2pfit)’ A A, wect(ts mT)ﬁ* g(t) )
Fhet AL -1EEhskB >N 7378 2
r(t) = cos(2pf,t)Q A0, (t- mT) 3)

He g (t) & £ rect(t) 22 g(t) 3 fae 227 M2 BEL 0 B H WS AT AR S
Z(t) = f(r(v) (4)
fO) 5 2bMmpPEE 3 >3 F Z(t) et 5iE(mean-value) > E[Z(t)] 5 - B22F 2 " & T
TP EE o pAFH AR NPT R E[Z()] B AT 5 fyS (baud rate) #1

B A AT o JE AR R s E R B Tk

AP P% w 44 ;% (Spectra-Line Timing Recovery) -

20



FADPHEr{Q) afeF A2 - LHRN > APFTERIAFEF LA TS GHIET
TIEERGE A  PT AP RFHR S s e Fr() X E S F A B F E(high
moments) = FH P MEL o F () Z AP EE FpF S PE L R RFER S L.
EP=0E 0 P R R RS T R

r2(t) = cos’ (2pf )@ AwAnny(t- MT)g, (t- mT - nT) (5)

% 0, (t) 2_raised-cosine ;& )% & Nyquist criterion 4e ™ 3% #757 :

g, ():aesm( pt/T)oaecos( ap t/T) o,
pt/T gl—(2ap /IT)? g

(6)

O£ a £1:47 § 42 4% (excess bandwidth)

O£ W E£(-a)p/T

G, (w) = ,Tgl SmeZa a7?N| T%" @-a)p /TEWE@L+a)p /T
; N “ w|>@+a)p /T

B % e B AP T S 12 SLB 10 ArA(L) s 1
d AT AR A B L 0k 2f e 3 A 4 kA ;ﬁd 2 2
AL EEFRTEADEFEL -

@ F d o B B P 0, () £ 7 - RANyquist ) 0 Flt R A A K AL

R g BEFWP F 0,(0) 7 L Nyquist A pF R kR A 4 S g

H LB B|W S pW B G (W) =0 FIt g, (t- mT)g, (t- mT- nT)% 5 § "V R &

W <2oW > F 28 w=2pk/T K<WT &3 k35> Bl g, () S 51~ & A8 1/ 2T

21



B BRIAPE R EI AL ORFHMR B2 BRNFERETN S AT R
#re(t)s 4 - - 45 7w A %A 2 IS(Inter Symbol Interference) @ T
WUZT - R FIFENE g (O LT 2 UTHF LB > F T Ry

D6 F TS Ofe /T chsk i o #4473

, Zl:I
Elr2(t)] = 1/2x35 xQ 02(t- mT)+ AZE g,(t- mT)j 0 (8)
m em Ug
HY % - om
€o u_1 o - amo €. 2pm.(
Eaa g,(t- mT ) ==—xq G, c—=expa) t 9)
m X( )H T m XgTﬂ 8 T H
$#mi0-G(m/T)=0" 73 $m=0" Egé_gx(t—mT)u:G(O)/T; B %_E g
em u

PR EM > TR G N - HO PRGN LT AR A S KR 5 B e nE R
Eens ol A AL E PR 5 - B Ak 8 5 bldoff d #4548 (Scrambler)
4 E(A,)- E(AY) sy ihe T2 Badiage dd o T R4 5 ik 50

4o H AT

ae?p o ( )dW

zRe. S(Az A_L) t2rexp(j2p (2f, ) ?3(10)

sl 2% L 2 G, - wlo, (W) £ e 5§ G, (w) g g as 12T

B AAR) 0 RIA S kAR PR

22



Magnitude Response (dB)

— T T T T T T — T
= I I I I I I — I
I I I I I I — | | | I I I = i
I I I I I I = I | | | | | | = i
I I I I I I = I | | | I I I =—— T
| | | i I | = I ) S S S B I —
N R A I N e i e} | | | | | | —
I I I I I | == ] | | I I | I ———
I I I I I [ i | | | I I I I
I I I I I — | | | | I I | = I
I I I I I I M[ I 0 I I | I I I — I
r\\\,\\\T\\\,\\\+\\\,\\\+\\““‘\\\T\\!nU. L —a T T T
I I I I I I —— | | | | I I — I
I I I I I - I —~ | | | I I I = I
I I I I I e =
= , N L ==
| | | | | | = | M~ o L o e, DY _ _ |
B Ry g T T Tlo 2 | | | | | | = L
L = , ST ~ = :
| | | | | | = — | @ om | | I | | = 1
I I I I I — | 0 (] = I I I I I [— T I
I I I I I — I © B =—
= RN SR ~ L R e e R
| P L = | = ® ) —
I I I I I —_— | I a % < | | | | | | = i ,
=—— A A S I I I I I I =
| | | | | s i | ~ SH S | | | | | | = |
| | | | | = | ) W; Ante D7) | | | | | | === |
L e = Lm Q o e e ]
| | | | | —= ! ! ] - o | | | | | — 7 |
| | | | | | = W| o | | | | | [— T |
| | | | | — | | 3 4; | | | | | L = |
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Lo = = ‘Z& = | | | | | i — |
” ” ” | ” = | | S 3 I —— o
= N I I I I I - | I
I I I I I —— I I = © o | | | | = | |
Lo ! I I | = ! ! m = [= | | | | — |
I I I I I — I I =
e === ' |as T I I I I — | I
3 — o 2 ~ i R e R e = == it
,n|a | | | | — | | (o] © | | | | | = |
| | | | | ——— | | > =} ——
= | | | = | | ™ =) | | | | =
S I I I = i I 13}
T — e S ~ = Q= L
[T QT T T T T T == I =] e T = T T T T
,p, I I — T I I S, I I I ,” I I
2 | | —— | | | | | | — | |
I I I I Il I I I I I | I — I I
| | | — | | | — | | | | = | | |
R e e e — e N S, G == B e e
I I I = — | I I I | = | I I I I
I I — 1 I I I I — T I I I I I
I I — I I I I I I | I I I I I
I I I I I I I
L == S S N S ° - I S N B
o o o o o o o o o o o o o o o o o o o o o
W_. _nlu. @ © < N Y < © <] m 3] © < N N 5 © ©
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(g@p) apnuubep (gp) apniubep
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0.6

Hi(a =1)

0.5
A4 ks
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3.3 SHDSL mF#%4p J rde 2

A,

3

/

AT 5 G4 SHDSL A= 4o 1t PR R 2 BRI 0 ¢ 9 BUAR B - PGEL

Ja e VT e

(G994.1 Data Decoder

ORI E AN AP BL ~ GO94.1 TR R el EATER B > H LB R D LT £

Digital
Interpolator

A

Gain

331 # % gt B(Prefilter)

)
P
[N

Z-l

T

. Cyclic Cosine
Decision [« <
T Comparer Table
Prefilter / v
[ | "
D > LI »P > Squarer |— B.P.F
A A
z1 J |—> z1 T
Sine
imi Table
Phase Lock L oop/ Timing Error Detector/
Loop Moving
Ciltor %— Im{ - } Q:%C:ﬂ Norm K= Averase
Conj K 21!
\
B 3.7 SHDSL %4k Jn > BB
L »D > an >D— T
¢ |_, =9 P
7! Zlled sl 71 » 71
\LX(Z'l)/
B 38(@ =% mt®




rmalized Frequency (" p rad/sample)

Nol

:8)

T (L

B
Hr

tmc

Bke

4

#

|

e

e R

4

® 3.8(al)

e(n)

— Conj

25

W 38(h) PEU%iEi 4Rl E

Sinusoidal
Rom Table

\

Pl
M.n
Hr
-~ tm
S
N—r <)
=2
An-
D
Yoz
=
=2
ANt
& —~
L [ia)
& r )
W,.F S m
x B S
2 & 2
.. & B 14
. [}
To & wr e,
ot _ tm =
e ¥ R c
* L= m o
&= -~ B =
& 5 B =
3 .ﬂ_ o)
- v 48 =)
& R4
+ e -
5L “ ke 2,
% N N -
NY + r—d
o — =R NS
prd 1 piiny Sife
= 2 ! o
N h v v
1 J_ , //m -
B el oss o~ (ap) apmyubep
ok < o
EN e
=

L #

332 pFriz g i g B(Timing Error Detector)



FER SR EPERGELZ R r(n) A A R EELS() B AR

WAT B o

t(r(n)) = wnT,) = a cos’ (2pf T, +j ) (12)

AR T SR PR T 2 B gt Ap £ DT > FT =T +DT » BX G -
Df @ f>xOT =Df XT » F ;8 ¥ e @ =

f(r(n)) =w(n(T +DT)) = é’l cos’ (2pf,n(T +DT) +j ;)
=Q.008(2p (f, +DF)NT +j ) (13)

EET VS-S
F LR Benler Tip RS+ DEA P Sk RUR R B (00 5 B S a B )

BUPEER TR

» Sinusoida Rom table :

Sinusoidal Rom table*t % e 8 I Fech B~ R T w(n) *1 R @ 3| ehiE » & 3£k 23

E¥ % i (coherent value and quadrant value) = i 3% i» o

i cos(4pfnT)
|

.y (14)
1 J>sin(4pfnT)

Rom table
d4 *>SHDSL % singletone@ﬁiﬁﬁ;“ A - BREAEFE S o AU S
w(nT,) = w(n) =1/2x1+ cos(4pfnT +] )] (15)

w(n) % 1 Bandpass Filter {4 2 sinusoidal rom tableﬁiﬁ NGE Y

26



q(n) =K )(ej(4pfn(Ts+T)+j ) 4 @l (4pin(Ts-T)4 )) (16)

n T 3o X (Moving average) it B ¢

B ) o o BEERELE - BT MO Bl T i S BAR A ELA

20 RV FRE - RAE S AP R F kit B4 2 Rom Tebled v gL

FHACRAE > T AL R - R E R IS B § q(n)

#EMoving averagelp ik B0 1 3 € S FHING AL BT PIM G o L pk B2k

\\\?{r

Y F - dmELS AR BRI FTFHRD  RUEELSEHELRD
e

- ¥
= = Rad
= A

(normalize) # # m(n) =1x”"™ & i~ &

m(n) — ej(4pfn(Ts-T)+j ) (17)

A AP R oy BRI ] B Dmn) & B BB

Im[m(n)m’ (n- 1)] » Bm(n) =¢&(n) »

e(n) » 4pf :DT » DE=T,- T (18)

Tt KA BRI L o

3.3.3 4§ 4p:e & (Phase Lock Loop)

ST AR LA S L S PR S s S S LA

ST T R

\\\?{r

7

TR RRRFARERP RN R A5 3 PR R E

B o ¥ (Gain)i & £ Al R B PR G Rl B AriE A cn B F o

27



334 #iFEFMBPFEEBL U

3341 £ #B-# B2 4l g (Timing Loop)

Inter polator
yl(m, +u, )T
) 7S Kmr,) .| Interpolation | Decimator y(kTi)‘
| Filter h, g >
T A A
S
Uy m, T !
—1 Timing
\ Processor

B 3.8(0) : dcim it £ TP B

B3k 4 channel 188 IR LA X(0) 2 Tk Beesh A2 pF % > x(mT,) LA FH e
B 5 LT 8 X() Btk 0 y(KT ) EoBex(mTy) 5 i i it & 3754 B % & 5 370
HEE o MR AP S UT @R/ T Ll pFk g (vt o

Bk TR BE 3 3 s TRATEMBE 2 B A L@ ¥ T2 2 24T
BB TIT R 3 7 S 2 R P T SURR G LGP R L HR KR
WE A ko H P ehh R T e (KT} % R P D R {mT)} o T8 T 2
RF enff 1250

y(KT;) = Interp[x(mT,)] = y{(m, +u,)T,] (19)
m, =intekT /T(.. &N i»

U, =KT /Ty - m ..o B3R i

28



3.34.2 2 %3 * ;% (Interpolation Method)
3% interpolation filter *% =3¢ & & h(t) > R] interpolator & !

y(t) = & x(mT)h (t- mT,) (20)

d 353 interpolation filter hy(t) £ 3 & £30 x(t) > F Bk B X(MT,) 'iif chig i&
FIIT L E - I AR FTR] @ ¥ interpolation filer ervl‘?ﬁxf-“ulﬁ ALEG o

FEATRREE 0 =KT 0 TR B PR T a0 R SR D 1 e i i
T T o 3 i f 2 RILHe > “TrLRTENP R Bh ) o

y(KT,) = & X(mT,)h (KT, - mT,)

i=m -m
I
=4 X(mT)h (T, +u,T, - mT,) [P & (M - DTG +u )T (2D)
m =1y
Interpolation filter & & 3 "V I~ 1, & 7 £ #icie » 4% Interpolation filter

),;E‘—\m-s \ L——‘g”:lﬂ"%ﬁ EE;“I’? . Ih i-!;_";“'f‘;a: kiﬁ%‘*ﬁfﬁfﬁ ’

~

h[(+u,)T.]=hlu]= & d,Gu" 22)

m=0

N & % Interpolation filter eraf 8> d (i) % 71 Interpolation filter 32 % %> 12 Lagrange

interpolator % &) » & % 7 ;N 2z fh#kc:

h,[u] = -—u +;u2-%u (23-1)
hy[u] = —u -u —%u+1 (23-2)
h[u] = -—u +;u +u (23-3)
h,[u] = u - %u (23-4)
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T B 5 3-F¢ Lagrange Interpolation filter 2 ﬁ » % Farrow Structure e V4 I8

x(m,.,)

1/6 v v -1/6 v VL

-1/2 1/2 1

P«
= $
~
N
[~ |«
L™ x

-

3

x~

3

N

Fan)
1
=
N |e
| I

P«
1
=
~
N
N |e
Il |
N

T
o
:’F
?
i
?

O : Lagrange 3

] 3.8(c-1) Lagrange Interpolation filter 7 4 ]

#&%;ﬁaﬂg i E AT B"’fifﬁ% » 4P g fr/i‘ «m, ~ U, E >

M-2T. M-IT, mT, (M +IT, (m +2T, P

B 3.8(C2) & ATE PR R



Bt g TALE  TIWERFRAPRE > APTELITEP DRI

[o(k- DT, KT, (k+D)T,....] ¢ 2 & % cm~ gt 8L [, (my - DT, mT,, (M +DT,, ] 2 shdae

F.

—Aze e PR A ITERRABFIP T, § EPTRGEL B L Lo ot BATA 0 KT,
PARBRE H - R EMTLMDT] R R TR R e[ DT mT ] £ 2T

RART A (M DT 2 8% 7 o
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Clock Offset with initial value = -400ppm, SNR=25dB
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Clock Offset with initial value = -400ppm, SNR=25dB
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Clock Offset with initial value = -400ppm, SNR=25dB
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Clock Offset with initial value = -400ppm, SNR=25dB
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Clock Offset with initial value = -400ppm, SNR=25dB
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