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ABSTRACT

Timing recovery loop composed of the Timing Error Detector(TED), loop filter and resampler is widely used
for the timing synchronization in MQASK receivers. Since TED is sensitive to the delay between the symbol
period of the signal and sampling period, the output is averaged out when the symbol rate and sampling rate
are quite different the recovery loop cannot work at all. This paper presents a sampling frequency discriminator
(SRD), which detects the frequency offset of the sampling clock to the symbol clock of the MQASK data
transmitted. Employing the SRD, the closed loop timing recovery scheme performs the frequency-aided timing
acquisition and achieve the synchronization at extremely high sampling frequency offset, which can be used in

variable symbol rate MQASK receivers.

I. M B M-ary Quadrature Amplitude Shift Keying(MQA
SK) 417164 441 Ale] elo]s) 71 lbee

o FAR} ’\/\TDH“S’]—JTI_ A REANAR} F3 LA EA A ~EAFA, daesungb @ gmail.com, 3HY3]41
° WAIAAL AN A RFAAL T FAFAIA 8 AA, chkim@ssu.ackr, &3]
* Fhat ‘*J*—?—zr"‘i?*d, wglim @kari.re.kr

=S I KICS2013-05-215, A5AUAF 120134 59 169, FHEw=wgdat 20134 79 114

545

www.dbpia.co.kr



= E A3 = 5] *13-07 Vol.38A No.07

= Timing Error Detector(TED) <} A|2=®] 2]
VCOE 43k 72 Fe|E FA = eol] 54l
T2 5 ARE3h VCO w4l NCO(Number Control
led Oscillator)2} ¥.7F7](Interpolator) & ©|Fo1%l T
A 72| E3}7](Resampler) & ARS8l A5 &
g Fulpol| dlsf S3ldor Fatsles A A"
(AllDigital) 541717} de] AFgsls ek o)
B8l F3xo] 52k VCO HEENCO o3 424181
F2st 29 F7PF Al Azl Aeest 7
th= 7H4 3lell TEDIA 7 4l5.2] gle]) A|7kx}
r= JARE 7E31] Feedback FZE5 E3l A
2] gloln] _,4/&& 2oL =45l deke- 43t
o TED 9] §JHe palel opdz AsE 4

A7) WH-e] 2395 B8l ksl Aol TED9
Fellel] weh 4413 A159) ARES X, S417]°)

XE31E  (Sampling Rate)s Xz} 7S o
X/ Xg=1%6", =X,/ Xo=2+5%19 37
2 7RItk oA 5 X o vl ol A g 7
Ao AAAQl elo]w] oA} AZe] rhsdt o=
Phase Locked Loop(PLL) ¢ll4] VCO<2| F3}4=¢} 3]
| Addute] Fa7t Aoz} & 749 PLLE| 914 A
=717 AdHeE B2 5 gle et 2o
PLLOAM= 1539 HE715 AH8-31e] Pull-in %3
g5 A =9 4 Sk £ =wellA= PLLE| S5}
T AZ7|9} AL TS goln] B4l FZofx] 3
alo] efo|w] B9l ¥ 4lse] Fa= A 6 7F vlg-
2 A% Eols) HUE P T 4 = A
£ W™ 7](Symbol Rate Discriminator SRD) <} ]—~
AREE) Elo]n] B2 2 Ak sk o2
o] Al Alse "]ic’—zrﬂo Alsel erxq"ﬂ/ﬂ
Nyquist ISI A7 AZZE7} AR 7S 7R 30S

m) Al gl ALES] A7) A S48,
A=Y Tolt Fol 2] F)ae dae)S
& Aol HER AL BE2 s ook ¥ =
FAAE PA714 BESE AEFe] & AF of
A AlEsle] 2] ARAAZIE AEE L 9
@ o] 2kmelis glo] ok A 2] 3
2ohgo] AolE JeiFt WYIR A S 9l
& wojFu], webd Aok SRDE & AE A 2
AEG I e Yo w PR, oleie 3o

O
-

8 PSR TEDS) Aitelel ol
o] Eal Wel2 IA4 st 5= glom] Sl

P A F2EL) ] E2hE ) Lﬂoﬂ/q qlo]o] Alug
< 7121 MQASK 2150l thal] efo]n] Bglo] 7153t

mrL

o

546

AR 7S 7EE 5 Sk R sellke Al
skl SRD9] “s=t¢l2]e} SRD7} 35 lo]w] 5
o] FEF ARkl QAM 2 QPSK AlEE )%

KN
& me Y Bl A Ak

¢

I. MEs #HYy|

2.1. MQASK A&
x(mTy) e u(mry)

Bl

x(t) y(T)

Average
RX Sampling Period

T2 1. AlEg wr]e] T2
Fig 1. Operatlon Principle of Symbol Rate Discrimin ator

A8 F7] 731 MQASK B4 7|A- e A4l

38 z(t) & ket 2] 23 5 glrk
z(t) =Y aqh(t=1T,) (1)
l

3714 a8 1 A Aloln] Al 71e] AbAl=

At A2 (Elaja}) =0, & 713}, =
& h(t) = 1STE A4sksl7] 93k A
71¢] Z332E] (Matched Filter) h (¢
o]

e
An)
ut
_g

hMF(t) :h(_t) 2

olaL hyu(t) ekl AEFA g(t) = h(t)*hyu(t)
=h(t)*h(—t) o F9+ &5 G(f) = Nyquist ISI
715 Sync]& WSk = 2/ T, olskE 71
gk

z(m7T,)= Zalh(mT —7,—1T,) 3)
]

www.dbpia.co.kr



=i/ 7P 4188 MQASK(M-ary Quadrature Amplitude Keying) TIA|® 441715 <18 o] 24 ulql

o]e] A58 A HA-45Complex Conjugate)<}2]
[e]

Foll A FES A o thea) 3} )= / HU)H(— f+ K/ T ) "af (9)
ubmZ) = Refe(nT)e" (m=DTI} @ oo g 4 5 o) Nyquist 1947128 H()
Z E aah((m=1)7,~7,~rT,) Fohs the 2L 9/ 7, o|stol B 02 A9k 54
h(mT,.fTe*sTs) e k3t {L—1}elth o7ledl H(f) = H(—f)<l
EAS o431 Bk T) ¥ Alm,T,) 2 Aol
W ulm TS 79 Blu(m L)} ARV qoa pe Aste 9 4 9,
$la ATFERE Aol Aol o
-1)T
o A(m,Tg)zhc(T,.)cos(%r(m Y r) (10)
E{u(mTr)}: Z h(mTr*T(*rTg) ®)) ( TSl)T
r=—00 m- r
h((m—=1)7, —7,—rT,) —h (T)Sin(27r = )
= 2 WL+ X, —rT)h(X, —rT,) 1/ H() H(F-1/T,)
cos ( 2770fT —71,/T,))df
2 depdel X, = (=) 7, —7). A () 2]
S5 h(t)9] oAb AEB-FA(Discrete  Convol / 0 Hf)H(f V)
ution)2] eleletn(r) <] F3e 3o vedSo] 2/ 7, Sm@”(f T=n/ 1))
olm& ohd@ 1 ABFEA h(7, +t)*h(—1t)el Y3}
of Aliasing @Afo] dofulr}. o5 Fslr] sl 4] 2.3. SRD9| &3
Ok SRD %7 y(7))& A% u(mT,)2) 2 FHA
B 7 eln] v} 3ol Tl
BumT))= [ n(z,-nh(-1) ©)
. — 00 _ N 1 M—1 B

Mol F43] zcka 7Ws A3 u(m 7))l
Al27te] #A= 7|9} oA mE Al (11)S 4]

j?ﬂk:(7'+)(,,,) (8) Di] (IO)E‘FT‘Ei ]‘4’%‘7’]‘ 71%0] XE}E]%T;]_
Yolr 1T+ X,) == " ™
r Te k g(T'r) N
y(T,) =——+A(m,T,) (12)
= A @ sk A, T)=h,(T.)cos @x(m —1) T,/ T.)
g(T) —h(T.)sin(2n(m—1)T,/T,)
E{u(mT,)}=—Z—+A(m.T,), ®)
2, A (129l T, = 7,91 735 ARBTG5 2F0
A(m,T.) = T 26 T B(k,T,) °] ¥3L Nyquist ISI FE{e] 54l 2J3) ¢(7,) =0
e i olm y(7,)E vhewth o] vhehd 4 gk
;/ h(T,,,—T)h(—T)e % dr
g(z—;)/Ts 71—;¢T9
o) WAE 2& 5 Yok A Bk, T,) FL h(t) VL) =\w(r)  r=1 1
o] Felo Wzt H(f) = w3 s

23.1. I, =T,9 42
o T, = T,old FAl71e] 33} 5717} Alse] Al

547

www.dbpia.co.kr



2719k ok 7Felv W] SH3 ZEe| At
71743 54 g(r) ol 28] A"t g(r) =
A HRL =Tl A A daat

(Zero-crossing)7} dojufm =

o) £9¢ o] B2t 7] 7,9) AujE W
alek

2.3.2. T,=T,° 4%

H(f+1/T) H(f) H(f—1/T)
1 1 L 1
7 o7 27, 7,

a2l 2. 181 A7 2E Fu B4
Fig. 2. The Frequency characteristics of ISI rem oval filte

SAl719] ZRSE T} Al5e] ARFT)e} 2 7
$- 2] (13) 2 (10)2-23-E

1/ Hf)H(f—1/T,) (15)
0
cos(Zﬂ(ng—Tc/Tg»df

y(7.) =y(

7 ezt o7 H(f)7F T tiedelAd
Nyquist ISI 7|58 wtEsied S H(f) H(f —
1 7T,)%e 35 f=1/T,°l sl 25 ﬂ1?“°1°ﬁ°k
e 2). olu]l 44l AlEFy|e} $A17] mEs)
F719] ek rot 1.2 BAL

- 21\;+1 r 16)
o7 FIRHNSAP), cos(2n(fT,—7./T,)) 3
ol f=1/T,<l Fo5 FTAHLE 7|3(odd
function)”} =22 & AA| Fre] 0] =L upebA
y(7,) =00°] "k (D2 %2 2& F3l HF
HoZ SRD FH> A (16)°] 712 W5 o

ol Flof FAl AEE3 pAl] 2E3Ee] s

548

17

HHE 5 gk SRDE] F2hlel= o2 0= g(t)
o] ko] F WA 00] He Aol T,/2 o]m=,
7./2 < T,°] =} A4 sl=sjo] 78 2 SNRS 1
T, /2< T, < 2T, % 753z Zlo] dAdA o]
k.

Il. SDRE AIg3t Eloja 22 2z

Baseband
Input

J% 3. SRDE AHE3H Elo]®] B £
Fig. 3. Timing recovery loop using SRD

715 32 SRDE ARES elo]] B Fxe] BET
ot} r41 IL5-9] TED[Ref1,2,3] += ol Al2-8-2] 2

l il

T AHSlER AxEsplel wEsked
o] 5wl 2/ T, ole}. AHER3E7)9] 1

e
ﬂl
mo

ujal 4

1%}
=
)
i
)
=
mlm

7V 3 ZntE A3rEE]|9} 2-Decimation =]
SRDel| si==lck. A3HEE ] 242 TED 12+
3 F2Z S 58 A x2Sl AgtkElE elolw
B x5 YA} FRIFY] 7.3 Al5e] A8
& T } 17} & 7% TED®| &4 A3k 00] 5
3 SRD= A (14)°] &2k Falste] T 3ke] 7, el

%Tﬁl ELXJEM TED7} A4 F2o] 7besl=s
NCOE Alefgc) eyt 7, 0] T,ol 3] <43t
H SRD= 2] (13)of] 23l wlelel~gk 1 (7)) & &4
sto] Al eloln] Bedgzol Faks sl
Hug h,( 7,)=00] Fojof b o]& ﬁsﬂﬂb Al
(16)2] x7lo] x| oo} gk gk 2] (16)9] 7,+=
T, = T,°l4<= TED2] 1%} SRD2| JH41 5.2 $1
AARE e B R A EES7)9F TE D Alelel] 914
g AIZEI(MP) 2] A AA7el| 23] AA = A3
FE= FIRS AMS3lEE AJ3HIE]®] Tapol] <3
ARl 2N o] Taps 7= AEEES] A
Tyre N+1/201a2 AR F F71e 17,/2
0]1'&

www.dbpia.co.kr



=i/ 7P 4188 MQASK(M-ary Quadrature Amplitude Keying) TIA|® 441715 <18 o] 24 ulql
EIP e 1P R R e P 4 s wel
ME=\ 2 47 glon] Bl F32°] TEDE  Zero-Crossing

] wol A (16)’] 7S W) ofeba] A$gE

Aol Ag-F 7% FIRS A3 SRD] v}
0101/\ TAE ﬁ-qﬂ T ]‘4 gk NCO2| 47|
Hoizks 12 A3t & o NCO2| 318 6,00 7,

2 7.0 A= ot 2k
(1+0ye0) T =T, (19)
V. 29| AlH

a
lo
>
vl
ro

o2
S
2
oy
i,

16QAM % QPSK A1 &E Algslo] 4=
e h(t)+= RRC(Root Raised Cosine)-$-
@}‘J FIR ZE|E =5 Ntap = 20 Al 2-Zo0]
0 o] H FE3P =t wla wAl o R 32
+ RRC ZE{¢] Roll-Off

b

2
3
i

k:,
iy

A
2242 el Zlolck SRD vhte] Al Pe
APag gk 37 918 10702 AAsiodeh

i
a=0.25(theory) o
a=0.75(thecry) ; g

-~ a=0.25 P
02+ + a=0.75
o
T .-.’..-_l"'.. R e i
4-.“
S S} T T T T T T T
05 0.6 0.7 08 o 1.0 1.1 1.2 1.3 1.4 1.5
TriTs

J8 4. $A AlEEs
o 54

Fig. 4. SRD response due to the ratio of symbol rate and
receiver sampling rate

Al 28189 Hlol dig SDR &

2 (17 vehd 2w o2t &
g s A s e 4 9l

= Eo%ﬂ“ 4y AlEgA o2 16QAM 7 QPSK
X

[<)

S

o3} 7:14,,_ 04041;], E}o]ul E-J
J=slo] TRl weia B4e) 5}

T = '8‘

Regisich 4479 Nco
Interpolator-J o) AN spe
Foax =2/ T, =48[MSPS|Z 7Vdsla q]5415e]

MBS HAE fom = foa/d (1] T,=1/2~2)

2 3slglon, o= NCO2| tH42E Interpolator

Detector(ZCD)'*' & A3} 7, A3H2E]E= RRC 2
E|Z Roll-off factor= 0.25, Tap=10°]t}. A%
SNR+ 30dB= AAJsl5lom Fxde= 23} FE =
e e B, T=15x10"%7} =22 AdAsgic
I3 5% 1/7, =40(MH](T,/ T, =0.6) < =2 e}
o™y %ﬂeﬁfﬂ 2t vERd Alelok 23 5004
9] a2 ARkl wE 1Q #E 2'l Aol ol
2732 72 A7kl SRD 9F NCOsIH (F= ZHE] &
)& vepl Zlolek. AJzte] Al w2} SRD <4
= 00l =533hH NCO 1H3k2 0.67 = A (19)°llA]
AxkE= 3kt dxfRich a8 6 2= 2 5] 2o
FellA 271 2000 7H(a) 2+ =% 20007H(b) dlo]e]el]
g s a7l Aes Fxo Elo|w] 4 3

& 31T 4 glek

_{

¢

—

- T i T
0 5000 10000 15000

— NCO

1.0 . - oRD

0 5000 10000 15000
Time(Sample)

a2 5. 1/ 7, =40[MH] (T, = T,/0.6) < =] €
o) ¥yl o gt

Fig. b. The operation of timing recovery loop at
1/ T, =40[MHz| (T, = T./0.6)

# & E *
14 14
# . # #*
0 0-
L # £ &
14 -1+
£ % L i
-2 — -2 —
-2 -1 0 1 2 2 -1 0 1 2

(a) Befor Timing Recovery (b) After Timing Recovery

a8 6. 1/ Tg=40[MHz] (T, = T,/0.6) wje] 44

= W3}
Fig. 6. The Constellation before(a) and after(b) timing
recovery when 1/TS = 40[MHz] (TS = Tr/().ﬁ)

549

www.dbpia.co.kr



= E A3 = 5] *13-07 Vol.38A No.07

1Q

T T T
0 5000 10000 15000

0 5000 10000 15000

Time(Sample)
a8 7. 1/ 7, =1714[MH] (T, =T./1.4) & =9
el %al $x g
Fig. 7. The Constellation before(a) and after(b) timing
recovery when l/Ts =17.14[MHz] (TS = Tr/l.4)

a8 78 1/ 7, =17.14[MHz]2 w2] efo]=] 2]
Tz FAE vEhd Zeolth NCO 33k -0.28
2 2 19)elA AxkEls 3k dAge} 19 8 &
TED, SRD % NCO ¥ #t 7+ IHAE AH
Hslr] 9)al 22 A4 2003] 2] A%
kel A5 27l Aelrh ARHAE 2 10
o]l 7Hx]+= TED2] *1%te] 0 ©|3 SRD2] Fho]
7Fste olell w2t NCO 1 =

<

o

(
S8
B

[\

>~
N

|

—_

4

N 2
w2
olN mhil i,

)

=N

|
O ¥ Ftel 78+ <F 2000
AE 5 FE NCO F Fte]l Aol A3kaL SRD
el 7asr] AlRksl, o] w TED &3 Hrske]
05 Bloju} FZ Alofol| FhoIghs FHast 4= 9l
6000 4= o] ¥ Y] SRD o] 0 ©| ¥|32 TED
= Ftgte] 00] =M NCO ¥ e g =o] A

AJell(Steady  State)ell °|23=S & £ 9

o
it

o

TED/SRD
o 41

TED
——SRD
——Nco

0 20‘00 40‘00 60‘00 80‘00 10000
Time(Sample)

J% 8. TED, SRD % NCO si#e] w3} (2003 oAy

3t

Fig. 8. The behavior of TED, SRD and NCO (200

Simulati on Averages)

550

v.d B

B eTo4)= MQASK elo]H) 39 o] TED

s}

3L O

Al AeES W 5 9= SRDE Tk

Pull-incgeje] Th% Egsle] bH Aleg

MQASK Al%e] o3k elo]n] o] 7hgdh wielks:
Alkstgiet. mel Ay Az alzle] o #Es)

T2 48MHzE} & u] 2F 12~ 48MHz Afo
ole] A E-5-8 71Al AlFe tigl Efo]w] H-4lo

_ =

e salsileh

(1]

(2]

(3]

(4]

(5]

(6]

[7]

8]

References

F. M. Gardner,
modems part I: fundamentals,” IEEE Trans.
Commun., vol. 41, no. 3, pp. 501-507, Mar.
1993.

U. Mengali and A. N.

Synchronization

“Interpolation in digital

D’Andrea,
Techniques  for  Digital
Receivers, Plenum Press, 1997.

K. H. Mueller and M. Muller, “Timing
recovery in  digital synchronous data
receivers,” IEEE Trans. Commun., vol. 24, no.
5, pp.- 516-531, May 1976.

F. M. Gardner, “A BPSK/QPSK timing -error
detector for sampled receivers,” IEEE Trans.
Commun., vol. 34, no. 5, pp. 423-429, May
1986.

Y. T. Chan, B. H. Lee, R. Inkol, and F. Chan,
“Estimation of symbol rate from the
autocorrelation function,” in Proc. Canadian
Conf. Elect. Comput. Eng. (CCECE °09), pp.
547-550, St. John’s, U.S.A., May 2009.

C. Mosquera, S. Scalise, and R.
Lopez-Valcarce, “Non-data-aided symbol rate
estimation of linearly modulated signals,”
IEEE Trans. Signal Process., vol. 56, no. 2,
pp- 664-674, Feb. 2008.

X. Jin-yong, Z. Yu, and J. Hui-juan, “Symbol
rate estimation based on Wavelet transform,”
in Proc. 2012 8" Int. Conf. Wireless Commun.
Networking Mobile Comput. (WiCOM), pp.
1-4, Shanghai, China, Sep. 2012.

F. J. Harris and M. Rice, “Multirate digital

filters for symbol timing synchronization in

www.dbpia.co.kr



=2/ 7P A28 MQASK(M-ary Quadrature Amplitude Keying) TIA® 41715 ¢]3F elo]n] .91 uleh

software defined radios,” IEEE J. Sel. Areas
Commun., vol. 19, no. 12, pp. 2346-2357,
Dec. 2001.

[91 K.-N. Seo and C.-H. Kim, “The optimization
of timing recovery loop for an MQASK all
digital receivers,” J. KICS, vol. 35, no. 1, pp.
40-44, Jan. 2010.

8 [ M (Daesung Baek)

2010 29 gleAabdv)sdst
oL ARt skt

2012 29 SAIdShaL 21z}
33t} At

2012 3L ~&A) A}
1L AHARgEt) Al

<FAilEol FAEAL AlEL

A7 3= AdA

>

1

i
p

ol 9 7 (Wongyu Lim)

2002+ 249 ASetal AAk
33} shat

2004 8 3=l A
7] & AARgEk At

2008 89  g=FElr]esd
A7) 2 Azt wiat

20081 94 ~2009d 9 =
Her)ed AR s

20091 104~ ¢ F=E FAT 94
Az A

<ok <lEsId AASAEEA, RF A4~
g, RFID 2| Al Aldl, Az} zlxk A=
Alz=Hl, EMIEMC, °]% 54l <kevt

5

=

Z & & (Chong-hoon Kim)
19841 AMEdgta  zx}g-st

3} &l
19861 AEdigta  zx}g-st
3} &AL

1993 ©|=* Northwestern ™

1, stul EECSHHA}

41096 ~dlA Al A
HEAHAE S wg

<TAlEol FAEAl AlzEl, s Al Ae] 32

951

www.dbpia.co.kr



	가변 심볼율 MQASK(M-ary Quadrature Amplitude Keying) 디지털 수신기를 위한 타이밍 복원 방안
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 심볼율 변별기
	Ⅲ. SDR을 사용한 타이밍 복원 루프
	Ⅳ. 모의 실험
	Ⅴ. 결론
	References


