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New Symbol Timing Algorithm for Multi-level Modulation Scheme
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ABSTRACT

In this paper, a simple algorithm for detection of timing error of a synchronous, band-limited, multi-level data

stream is proposed. The proposed algorithm can be applied to multi-level PAM, M-ary PSK, or M-ary QAM. The

proposed agorithm for M-ary PSK requires only two samples per symbol for its operation, and it is based on the

concept of transition logic table and transition level table. In order to prove the steady-state operation of the pro-

posed algorithm, its performance is evaluated and compared to BECM by Monte Carlo simulation method under

Gaussian noise and fading noise channel environments. The comparison results confirm that the performance of

proposed algorithm is superior to that of BECM in jitter characteristics.

I. Introduction

Symbol timing has traditionally been performed
using analog means. There has, however, been great
interest recently[1]-[9] in designing circuits for symbol
synchronization from signal samples, that are suitable
for use in all digital receivers which can be impleme-
nted in VLSI. There are two methods for symbol
synchronization ; the first in which sampling is per-
formed at the baud rate[1]-[2], and the second in which
sampling is at a higher rate[3].

Baud-rate sampling which is a one sample per sym-
bol decision directed algorithm is proposed by Mueller
& Muller[2]. This algorithm has the advantage of re-
ducing circuit complexity but for maximum advan-
tage the signal samples which are used to derive sym-
bol synchronization must also be utilized for other re-
ceiver functions such as equalization and threshold

detection. But the decision directed algorithm is at-
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tractive due to the single symbol-centered sample,
particularly for high-speed applications, but the defect
of decision-directed algorithm is failing at low signal-
to-noise ratios.

Typical NDA (Nondecision Directed Algorithm)
which is proposed by Gardner{3] use two samples per
symbol, taken from the interpolating matched filter
output at and halfway between the estimated decision
instant ; therefore the computational complexity of the
interpolating matched filter is twice as large as for the
M&M Algorithm. Gardner Algorithm may be written

as

€n=(n=lm-2)Ton—1 Q2= Q-2 - Qan—1 )

where €, is PD(Phase Detector) output, 1 and Q indi-
cate the inphase or quadrature component of the
symbol sample, respectively, and the subscript 2n -1
indicates the samples lying midway between the sym-
bol-centered samples of the (n—1)th and nth symbols.
Also this algorithms completely fails for very small
rolloffs because of its quadratic nature.

Despite of the above disadvantages, because of the
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advantages of being applied to band limited modu-
lation techniques, Gardner Algorithms have been
widely used. But, Gardner Algorithm can be applied
to only two-level signal such as BPSK/QPSK modu-
lation signal. It is very important to develope new
symbol timing algorithms for multi level signal.

In this paper, a new MLT(Multi Level Transition)
algorithm which can be applied to Multi level PAM,
M-ary PSK, or M-ary QAM is proposed. The proposed
MLT algorithm requires only two samples for its oper-
ation, and it is based on the concept of transition logic
table and transition level table. In order to prove the
steady-state operation of MLT algorithms, Monte
Carlo simulation method under Gaussian and fading
noise channel environments is adopted to compare
the performance of MLT and BECM. BECM also
requires only two samples for its operation, and is
widely applied to various modulation schemes. In this
paper, fading noise channel using Jake's model is
modeled[11]. The comparison result exhibits that the
overall performance of MLT is better than BECM.,

especially in jitter characterstics.

OUTPUT TIMING PHASE ESTIMATE
| 4

II. Algorithm Description

Fig. 1 shows a block diagram of digital modem stru-
cture requiring two sample per symbol. This paper
considers only the upper two blocks of Fig. 1, which
represents the symbol synchronization part.

Typically, Gardner algorithm can only be applied
to 2-level signal such as BPSK and QPSK modulation
techniques. By modifying Gardner Algorithm, a new
symbol timing algorithm is proposed for multi-level

signal as shown in Eq. (2).

6= (Ih_] I ) y ( Ion~Isn-2 )
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In Fig. 2, it is shown that the sampling instant
leads to ideal sampling instant. In the case of 2-level,
transition level become 0;0n the other hand, in the case
of Multi-level, transition level must be estimated using

the adjacent samples lying midway between the symbol-
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Fig. 1 The Structure of Overall Digital Modem
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Fig. 2 The Conceptual Diagram of I-Channel Transition
Level

centered samples of the (n - 1)th and n-th symbols.
From the Eq. (2) and Fig. 1, define Jyx, Qun as

follows:

Ivn= (2w +12a-2)/2 3)
Omn=(Q2 +(02,-2)/2

where Iyn, Qun represent Transition Estimation
Level for I and Q Channel, respectively.

Similarly, define I'r., Qrs as follows:.

Irn= Uy —I1m-2)/2

4)
Orn=(Qm—Q2m-2)/2
where Ir,, Qr, represent Transition Level Detection
for I and Q Channel, respectively. Then, Eq. (2) can

be written as

&n= (ln—1 = Inw) X Irn H(Qon—t = Qun) X Q1 (5)

The algorithm given by Eq, (5) is directly applied to
M-ary QAM.

In order to apply Eq. (5) to M-ary PSK, the n-th
and (n—Dth LQ channel symbols can be replaced by
(2K +1)/M and (2L +1)/M, respectively. In such case,

Eq. (4) can be expressed as follows:

2K +1 2L +1
oS n

(6)

Irn = cos

2K +1 . 2L +1
7 —sin

n (7)

QOrr = sin

where, M=2 4,8, -, and K, L=0,1,2, -, (M —1).
Transition logic of I, Q channel, I, Qrx are deter-
mined by Table I. The n-th and (n-1th detected

phase symbol are (2., 05,2, respectively.

Table 1. MPSK Transition Logic Table

”M 02n»2 IMn QM"
2K +1 2K+
K+ | 2L—1 Gy MMM T
M M " 20 -1 2L
—COS n —8in i
M

Also, Eq. (6) and (7) can be expressed as follows:

2K +1 cos 2L +1
T ST

2K +1 . 2L+
QM,,={sin " n +sin W n}/Z

n}/2 ®)

Iy = {cos

9

Transition level of I, Q channel, /y», Qun are deter-
mined by Table 2.

Table 2. MPSK Transition Level Table

02" 02717'2 lTn QTn
2K +t . 2K +1
cos n sin n
2K +t 2L —1 M M
n n
M M 2L -1 2L—
-+cos || +sin v n

Base on the result of Eq.(6) to (9), Eq.(2) can be
modified by Eq.(10), which is applied to M-ary PSK
modulation scheme. Fig. 3 shows the block diagram

of the proposed algorithm for M-ary PSK.

2K +1 2L +1
Y; n +cos v )/2]

€y = IIZn—I -—(cos

1293



WERHESER L "985 Vol.23 No5

o [cos 2K (2L )/2
S T S Y
(10)
' +1 2L 41
+[Q2n—1*(sin 2K n +sin )/2!
M
X(’,n 2K +1 o 2L+1)/7
s -8 2
MmN Ty
[za 5
Delec!;dl Transition
Symbo el
_ g
Transition
Logic
»  Table
Qant ,@——;é—

Fig. 3 The Proposed Algorithms for M-ary PSK Signal
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. Simulation Results

For simplicity, the performance of only STR part is
considered. The following list summarizes the condit-
ions for simulation.

P rolloff factor of rasied cosine filter, @=0.5

» the number of sample per symbol is set at 16.

» AWGN as well as Jake’s fading channel are used.

P 8PSK and 16QAM modulation scheme are used.

P 2nd order loop filter is used where damping fac-
tor is set to 1.0. and Loop Filter BW(B.Ts) is
set to 0.005.

» Monte-Carlo simulation method is adopted.

P symbol rate is set to 100K bps.

P In fading channel, Doppler frequency is set to
30Hz and two values of fading index (Dm) 0.01
and 0.1 are used.

It is important to realize that as Dm gets smaller,

the degree of fading gets more severe. When Dm be-

comes less than 0.1, Rayleigh fading distibution is

assumed and is shown in [I1].

0.28
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0.8 0285 [} a2s LYY
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Fig. 4 The mean of PD Output Characteristics (S-curve)



# % /New Symbol Timing Algorithm for Multi-level Modulation Scheme

1.5
—t— —
Freq. Offsgt = O Freq. Offeat = 0
—— 14 ——
Freq. Offeat = 01 Freq. Offsat = 01
Fraq. Oftset = 0.2 C5tr Fraq. Offsat = 0.2
-g —— 5 —€3
2 Freq Ofteat = 0.3 a Fraq. Offsat = 0.3
3 20
o] o] :
a o
a [+%
0L
i
RPS E NSNS NN N S S L I
08 0.25 0 0.26 o 08 <5 025 cs
Normalized Symbol Phasg Error Normalized Symbol Phase Error
(a) BECM {b) Proposed
Fig. 5 PD Output versus Normalized Frequency Offset
T Ol =
(§ \ (§ ............
\ SPEK _ 16QAM
e \ &
= \ e - g .
8 '\ \ BECM 2 BECM
- b=
0o 0.1 s oo 0
a AW Ptoposed ] Proposed
[N \\ \ a
o TN © :
o ) ] ;
2 N\ g =
& N & :
S ! " & s :
S 0o v + > 0014— ;
S 16 25 3 45 55 65 75 5 15 26 3 4 S5 6 715
CNR(dB) CNR(dB)
(a) 8PSK (b) 16QAM

Fig. 6 The Variance of PD output versus CNR at the point

of zero timing phase error
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Fig. 4. shows S-curve about 8PSK and 16QAM.
There is little variation in PD output according to the
various CNR in the case of both BECM and MLT.
From the S-curve, it is clearly shown that at the point
of zero timing phase error, MLT has no biased PD
output, whereas BECM does so.

Fig. 5. shows PD output characteristics in terms of
normalized frequency offset. In MLT, it is confirmed
that the performance degradation in PD output in re-
sponse to frequency offset is negligible compared to
that of BECM. In Fig. 6, we can see the variance of

PD output according to the CNR at the point of zero

timing phase offset. From Fig 6, it is shown that the
variance of PD output for BECM is better than that
of MLT for low CNR. However, there is no differ-
ence between two algorithms for high CNR.

In Fig. 7, jitter characteristics, which is very im-
portant performance index of digital timing tracking
loop, are shown under the AWGN and various fading
channel environments. The performance of MLT al-
gorithm is superior to that of BECM in the 8PSK as
well as 16QAM. Especially, the influence of fading is

not so significant in the jitter characteristic.

G.1

o 0.0t

AR SR IR uTi

- 0.001

3

T 0.0001

e
Ll

1E-06-1—

P

e

CNR(dB)

(a) 8PSK

BN S I S N
=3 10 15 20 25 30 35 40

—-—
BECM AWGN

e

BECM Dm=0.01
N

BECM Dm=01
s

Proposed AWGN
ORI

Proposed Dm=0.01
e

Proposed Dm=0.1

S

0.0001

RMS Jitter Variance(Log Scale)

———
BECM AWGN

——

BECM Dm=0.01
—

BECM Dm=0.1
—a—

Proposed AWGN
e

Proposed Dm=0.01

~—
Proposed Dm=0.1

5 10 15 20 25 30 35 40
CNR(dB)

(b) 16QAM

Fig. 7 Jitter Performance Characteristics
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IV. Conclusions

In this paper, a new algorithm which can be applied
to multi-level PAM, M-ary PSK, and M-ary QAM is
proposed. In order to prove the steady-state oper-
ation of proposed algorithm, we compare its perfor-
mance to that of BECM in terms of S-curve and RMS
Jitter under AWGN and fading channel environments.
The comparison result assures that the performance
of proposed algorithm is superior to BECM, es-
pecially in the aspect of jitter characteristics. In ad-
dition, it is shown that the proposed algorithm gives
an acceptable outcome in fading channel. Therefore,
the proposed algorithm in this paper is expected to
operate well in practical digital symbol synchroniz-

ation for digital communication systems.

References

1. W.G. Cowly, LS. Morrison, and D.C. Lynes, “Dig-
ital Signal Processing Algorithms for Phase Shift
Keyed Modem,” in Proc. ISSPA'87, Brisbane, pp.
836-841, Aug. 1987.

2. K.H. Muller and M. Muller, “Timing Recovery in
Digital Synchronous Data Receivers,” IEEE Trans.
Commun., vol. COM-24, pp. 516-530, May 1976.

3. F.M. Gardner, “A BPSK/QPSK Timing-error De-
tector for Sample Data Receivers,” IEEE Trans.
Commun., vol. COM-34, pp. 423-429, May 1986.

4. W.C. Lindsey and C.M. Chie, “A Survey of Digital
Phase-locked Loops,” Proc. IEEE, vol. 69, pp.
410-431, Apr. 1981.

5. Song, Jaichul, Choi, Hyungjin, “The Performance
of Symbo!l Timing Algorithm for Multi-Level Mo-
dulation Scheme”, IEEE/VTC'96, Atlanta Georgia
USA, April 28-May 1. 1996.

6. M. Moeneclaey and T. Bastele, “Carrier Indepen-
dent NDA Symbol Synchronization for MPSK
Operating at Only One Sample Per Symbol,” in
Proc. GLOBECOM 90, San Diego, CA, paper 407.
2 Dec. 1990.

7. W.C. Cowly & L.P. Sabel, “The Performance of
Two Symbol Timing Recovery Algorithms for PSK
Demodulator,” IEEE Trans. Commun.,vol. COM-
42, pp. 2345-2355, June 1994.

8. D.L. Lyon, “Envelope Derived Timing Recovery in
QAM and SQAM Systems” IEEE Trans. on Com-
mum., vol. COM-23, pp. 1327-1331. November
1975.

9. D.L. Lyon, “Timing Recovery in Synchronous
Equalized Data Communication”, IEEE Trans. Com-
mum.,vol COM-23, pp. 269-274, February 1975.

10. D.N. Godard “Passband Timing Recovery in an
All-Digital Modem Receiver”, [EEE Trans. Com-
mum. vol. COM-26, NO. 5, MAY 1978.

11. Edurato Casas, “A Simple Digital Fading Simul-
ator for Mobile Radio”, IEEE Trans. Vehicular
Technology vol. 39, No 3. pp. 205-212, Aug. 1990.

& A #H(Jai-Cul Song) A3
1985 29 Ao gta A
gkt &8k
1987 29 A adista disky
Mg Halw
BHAJ A}
1994 29 - A g o 3l
AARFeEsn BAF
shub A}
1996'3 8¥~1997d 8% :v}= Georgia Institute of
Technology 713 A3 F€
&8} 3} Post Doc A
19919 99~ A : A 3t B EANH Fia
MFANEof: X ol 54, FAEA, AAdF4
71, ¥7138}, 5387], 2974, OFDM,
Eil=b P-4

1297



GEETRER L '98—5 Vol.23 No.b

#| & Zl(Hyung-Jin Choi) 4 3] <l
19743 29 : A gost Aabest
3} &3J(8rAh
1976\ 29 et e e 47)
AxgEta 29
197614 39 ~1979d 79 :74)3)4}
FAA FdATA
IF(AT)
197913 99 ~1982'd 129 : v] = University of southern
Califonia 4 7] &8t 2 ¥FAHPh.D)
19821 109 ~1989'3 29) : v} LinCom Corp. @19
o7 IF
19897 39 ~A A A F Bl st A=pF st (F )
EmA Bkt A Y EA, RAFA, o] EFA, A4
BN W EAE S X28E modem
e

1298



