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Intersymbol Interferences Due to Mismatched Roll-off Faclors

and Sampling-Time Jitter in a Gaussian Noise Channel

*Seungkeun Park, *Jin Dam Mok, and **Sangsin Na

Abstract

This paper presents two results on intersymbol interferences in baseband digital communication over an additive white

Gaussian noise channel-the interferences due 10 mismatched squarc-rool raised-cosine filters, in which the filters have dif-

ferent roll-off factors, and/or due 1o sampling-time jitter. The result for the mismaltched filters is that even the jitter-free

sampling causes intersymbol interfcrence and it is negligibly small for a wide range of signal-to-noise ratio up to 10 dB, for
the roll-off factor ranging from 0.2 lo 0.5, the mismatch loss being within 0.1 dB from the oplimum at around 10°¢. For

jitter interference an approximation formula for the bil crror probability is derived in case of the matched filters, which

shows how the roll-off factors and the amount of jitter affect the system perfermance. The formula is reasonably accurate.

I. Introduction

Consider a baseband digital communication system de-
scribed in Figure 1. The source emils, with equal probabil-
ity, either 1 or —1 in every T second and its outpui
denoted by { X5 .. is assumed to be independent identic-
ally distributed (iid} random sequence with the alphabet

{1, —1). The transmilter is basically a pulse-shaping fil-
ter with the impulse response #:(£). The output s(2) of the
tfransmitter pulse-shaping fifter excited by the source se-
quence is transmitted over the chanael, which adds a con-
tinuous-ime random noisc #(2} (o s(¢). The receiver
consists of a receiver filter, a sampler, and a decision
block. The receiver filter with the impulse response k.(¢)
takes in the signal »{(f), the sum of the transmitted signal
s(f) and the channel noise #(¢). The samplcr samples the
autput z(£) of the recciver filter at nominal time { ={7" to
produce z({T}, which is compared with a preset threshold
Y lo estimale the transmitted source sequence. We will
use ¥ = in the analysis since it is the optimum threshold
in the sense that it gives the smallest avcrage bil error

prabability.

Problem Statement The decision for ,ﬁ 15 based on the sam-
pled output of the receiver filter A{¢). In this paper we

are concerncd with performance degradation due {0 two
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different kinds of interference reflected in the bit error
probability P(£)  Pr(Xi # Xs) of the basebund antipodal
communication syslem where a raised-costne pulsc-shap-
ing filter is used. We pursue this problem in the presence
of a Gaussian channel noise. The pulse-shaping filter k(¢)
and the receiver filter A1) in this paper are individually
of a square-root raised-cosine characieristic and the over-
all response A,({) 2 i) * &,(f) conslitutes a raised-cosine
fitter.

(1) Intersymbol Interference due to Mismatched Filters

One of the two problems deall with in the paper is the
effect of interference due to the mismatch of the roll-off
factors of the transmitter and the receiver filters. For this
mismatch interference we deal separately with perfect
sampling-timing. which we will call jitter-frec sampling,
and with imperfect sampling-timing. The advanlage of
separate dealing is that one can see the direct cause and
effect from a clearer viewpoini. This kind of mismatch
occurs when a receiver is o be used for various transmil-
ters with different roll-off factors in their respective pulse-
shaping filters. A practical situation where the mismatch
between the transmitter and the rcceiver roll-off factors
occurs is the digital broadcasting systems via satcllites.
Here several satellites broadcast through pulse-shaping
filters with different roll-off faclors, while subscribers’ re-
cewver uscs a filter with a {ixed roll-off factor, e.g., 0.35.
The fixed roll-off factor at the receiver is amenable to the
mass production of the receiver sets at the sacrifice of bit

error probability.
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(2) Intersymbol Interference due to Sampling-Time Jitter

in a Matched Viltered System

The other problem considered is the intersymbol inter-
ference due to sampling-time jitter in a matched filtered
system. In a practical digital communication system, im-
perlfecl timing is bound to occur n the sampling of the
receiver [iller outpul, Hence the sampling-1sme will nol be
al inteper mulliples of the source symbol duration 7. This
sampling-time jitter causes he system to suffer inter-
symbol interlerence and 10 lose the performance in error
probability. This paper caplures jitler as a random vari-
able and quantifics the effect of jitter tn the form of an
approximation formala for the bt ¢rror probability, This
formula is obtained from the lincar approximation of the
Taylor scries expansion of the impulse response of the
overall filler.

Previous work lor sampling-time sitter has been reported
in the literature, ¢.g., |1, 2. 3] among others. For the case
ol binary signaling over an addilive white Gaussian noise
channcl, Lindscy and Simon in [1] discuss the jitter cifect
on the bil error probability as a function ol signal-to-noisc
ralio (or various degree of jitler. There the correlator syn-
chronization etror eflfect is discussed for haseband signals
in an integrate-and-dump type of environment:nonrcturn-
Lo-zero pulses, the Manchester code, return-1o-zero signals,
and the Miller code. Since the channcl bandwidth is im-
plicilly assumed to be unlimiated. the cffect of jitter is lim-
iled al most to three source bits. Huang and el al. in 2]
deals with pulscs in conncclion with intersymbol inter-
fcrence and jitter. Raised cosine andfor sguare-root
raised cosine [illers are discussed as a method of relicving
the adverse effcct of sampling-time jitter and a general in-
troduction can be found in [3] among olhers,

This paper rescmbles [1] in that the purposc and resulls
arc in the same vein, but differs from the previous work
including [1] in that herein is studicd (i) the effect of
mismalched sguarc-root raised-cosine [lilters in jilter-trec
sampling and (i1) the sampling-lime jitter in a square-rool
raised-cosine fillered system, as opposed to an integrale-
and-dump environment. And to the best of authors’ know-
ledge, there has been no report on the study of Lhe effect
of the mismatch in squarc-root raised-cosine filters on the
bit error probability and the derivalion ol an approxim-
ation formula for the mtersymbol inlerference in the con-
text considered herein,

The rest ol the paper is organtzed as follows :in Section
2 preliminaries are discussed:in Seclion 3 the mismalched
square-root raised-cosine filters with jitter-free sampling

are considered and numerical results are presented in
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Section 4 inlersymbol interlference due to jitter 15 con-
sidered and an approximation formula is denived for the
bit crror probubility;and the conclusions lollow in Sec-

tion 5.
II. Preliminaries

The goals of this paper are to study the effect of the roll-
off factor mismatch on the error probability P(E) £ Pr(Xs
# Xz) in Lhe case of jitter-trec sampling, and to derive an
approximation formula for the inlersymbol interference
due (o ptter in the case of matched hlters. To derive an
cxpression lor P(E) consider the output 5(f) of the pulse-
shaping filter A{¢) in Figure 1 due 1o the source sequence
(X

s(t = Z

& A

Nt - &T).

Then the receiver filter output z{#) is given as follows:
z(t) — {s(t) + n()} » &, (1)

= Y7 XKd{t - KTY e ho(8) + n(t) « R{L),
L= o
where #(t) is assumed to be an addilive white Gaussian
noisc with the double-sided power spectral density func-

e N . .
tion b,.(f)—'~—29- and to be independent of the source | Xg).

Far notational convenience let A,(¢) and #Af) be defined
as lollows:A.(8) 2 {2} * 208, and nAL) 2n(f) % /,(8). Then,
since At —ET)* b, () =hl —&T), the receiver filter output

z(2} can be written as

200) = Y Nyl = KT+, (0).

EEER

()

Without the loss of generalily due to the strict sense stat-
ionacity of { Xt and #(f), we can caery oul the analysis
for random variable Xo and ihe resuiting bil error pro-
bability will be valid for an arbitrary & Therefore, we will
assume that the source bit Xp is transmitted and that the
decision lar X, is based on z(f) sampled al £=0. The as-
sumption of sampling al ¢ =0 would hc appropriale lor a
system with accurale sampling-time acquisition. Then the

decision for Xq will be

L, ifz(0) > i,

-1, if 2(0) < 0.

\n =

The decision variable 2(0) = z(#} -0 can be broken inlo

several terms : from (1)
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2{0) = i Xyho{=kT) +n,(0)

= Xoho{0) + 3 Xuho(=kT) + 7 (0), @
k=—00
k20

where the first term is duc 1o the corresponding source
message bit Xo, the second the source hits other than X,
and the last the noise. The second term is the intersymbol
interference. At the design stage the overall filter Ao(£) is
chosen so that (£ ~&T) at the nominal sampling-time £ =
mT, 1.e., jitter-free sumpling-time, is zero except £=£T. This
condition is the Nyquist condition for zero intersymbol
interference [3). A class of filters satislying the Nyquist
condition is raised-cosinc filters, whosc impulse responses

are of ihe form of

sin(wt/T) cos(rat/T)
at)T 1 - 4a?t?jT?

h{t) = (3)
where a s called the rofl-off factor and it takes on values
from the interval [0, 1).

M. Mismatch Intersymbol Interference

We have found oul that the overall response docs not
satisfy the Nyquist condition for zero intersymbol inter-
ference when the [lters of the transmitler and the receiver
have different roll-off factors. To sec this lel « and £ de-
note the roll-off factors of the transmitter and the receiver
squarc-root raised-cosine filters, respectively. Then overall
frequency tesponse Hu(f) is the product H,(f) B f) of
the transmitter filter H,(f} and the recciver filter H4(/),
cach of which s of a square-root raised-cosine characteri-

stic. The overall impulse response i f) is given as follows.

- %m sin(wr)(siu(:(m(r + %)) — sinc{m(r - E.zi:—gﬁ)))

1 ) i_ d -«
+ 3 m cus(rrr)(b]m (mir + 1a .—)] + 5|nL(m(r - —4“’9 )])‘

(4)
where M 2maxta, 8}, m2minta, 8}, and t2¢/T. This ex-
pression reduces 10 (3}, when £;=1 and a=§, as it should.

We note that, when «+ 8, 2(IT) can be nonzero for
nonzero integer 7. Therefore, in such cascs, il violates the

Nyquist condition for zcro intersymbol interference and

hence incurs intersymbol interference cven for jitter-free
sampling. As a specific example, let’s consider the case of
a=] and £=0.5. For jitter-frec sampling, te., £;=/T, the over-

all response sampled at such lime inslants A,({T) cquals

l/'¢111T_b(l + cos(fn)) (suu {_;_]) + blnc(l -2 %))r

from which il can be seen that 2,(/1}=0 for /=427 +1

for integer 7 but nonzero otherwise. For example,
Sin  § —
1a(0) = ”—-i-“—) VEs = 09745,
8

0
(2T = (535(—33-1 + Sﬂf_‘} [Ey % 0.0155/E,.
' i

The bit error probability P(E) inctuding the roll-off fac-
tor mismatch intersymbol interference in case of jitter-free
sampling is oblained from (2} and (4), using the fac! that

. . N . N
7(0) is Gaussian with mecan 0 and variance -2—0 - this is

found through a slandard linear syslem approach, con-
ditioning on iid equiprobable random veclor {X_; - X_|
Xy Xy), and taking the limit as the truncation length L
of filters grows arbitrarily large.

P(E) = lim PL(E).
where

PUE) £ ,— S PEX,

X=\Tog T T Ty

ho{0) + Z h,,(kTJ(z _p o)
Pr{E|x) & Q( e ) (5)

e
k]

where the sum is laken over all the possible sequences X

={x goexaxox €L, 113 the 2L-tuple Carlesian

product of { -1, 1}. We zxpect that P(E)= P, (F) for a
large f..

Figure 2 shows P,(E) with L =6. This choice of L ef-
fectivcly equals L =00. The recciver roll-off factor 8 is
chosen 10 be 0.35, a common praclice in digilal satellite
communicatton. The transmitter roll-off factor « is chosen
w be 0.2, 0.35 and 0.5. There are thrce curves closely

spaced logether. The matched case a= £8=0.35 reduces

Fi(E) to

binary signaling, witich is represented by the bottom curve.

From these curves we can say that the mismatch inter-

symbol snterference is negligibly small for ;§ 10 dB,

9

at which the mismatch inlerference is approximaiely within
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20% of the optimum bit error probability in the casc of «
=02, and 12% in the case of a=0.5. However, the uter-
symbo! interference grows with the signal-to-noise ralio.
The reason for the growth is explained as following, For a
moderatc signal-10-naise ratio, the error due 10 the channel
noise is dominanl in Lhe bit crror probability over that
due to the mismatch interference. Refesring 1o (4) and
(5). we notc that thc mismatch intersymbol interference
occurs in the same proportion to £5/No. On the other hand
lhe noise affects less and less as the signal-to-noise rabo
improves. Therefore, the mismatch interference gradually
gains dominance over the channel noisc as the signal-to-
noise ralio increases.

Even with the growing mismatch interference, the result-
ing loss in terms of the signal-to-noisc ratio at P (E}=
107%is within 0.1 dB for a=0.2 and 0.5. Since (his loss is equ-
ivalent to the energy increase of 2 1o 3% (107 = 1.0233),
one can decide favorably to pursue hardwure simplicily at
the cost of this slight increase in the signal cncrgy.

From these observations, 11 is concluded that (he mis-
match interference can be ignored for a wide range of the
signal-to-noise ratio and the signal energy cun he barpa-

ined for hardware simplicity.

V. Jitter Intersymbol Interference and Its
Approximation

Imperfect timing duc to jittcr in the sampling of the re-
ceiver filter output causcs the system to suffer inlersymbol
mterference and hence 1o lose the performance in error
probability. A rcasonable upproach 1o capturing jitter is to
modlel the sampling-time as a random sequence. An example

of such approach is Lo take the sampling ime ({,) . _.. as

too = mT + T,

where {Jm) e _.. is an 1id Gaussian random scquence with
mean 0 and variance o; .

We are concerned with the evaluation of the bil crrox
probability A(E} & Pr(X;# X,) with the folowing transmil-
ter and recciver filters® 28) = v Fs A, (@), and A2 - 2. Q)
where A, {t} 1s the impulse response of the square-rool ra-
ised-cosine filter and E» accounis for the cnergy of the
transmitted signal per bil. Then the overall filter impulse

response k,{¢) is given by
hoft) = ho(t) + A (1) = V Eyhit),

where 2(¢) is a raised-cosine filter given in (3). Then we

proceed with stationarity of ( Xk and »({} as in jitter-irec
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sampiing in Section 3 to evaluate

PA{E) — Pr(Xo # Xo) = Pr{z{tg) < 0] Xy = 1),

where the decision variable 2(f,) is the sampled oulput of
z{t) sampled al £,=0-T ‘tJ5. In the remainder we let Jf

denote the random variable Jo lor the notationad stmplic-

ily. Then

)= Xoho() + Y Xehld = K1)+ 0, 0),
13

PR
]

where 2,(J} 35 a Guussian random variable with mean 0

- NO
and variance 5 -

If we lake the truncation of the fillers into account, the

decision variable 26/) in (4) becomes

s
) = Xohold) + Y Xiho(F - KTV =a,00),
1.

k— f.
kil

where 72,{4) is a Gaussian random variable oblained from

the (runcated receiver filter:

i () = het) & u(i)i' 5

where £,00) is Lhe (runcated recciver filter. In the paper

we will use (he truncation length L — 6 so that %,{J) may

be virtually equal to #.J).

Now we apply the Taylor series expansion of 4.#) at ?

=kT.

AT
h”({,) = Z ”_y(l’_)“ - T

w-alh

where 27AT) is the n-th order derivative of A.{t) with re-

specl 10 ¢ evalualed at £ =47 Keeping the first (wo terms

ol the series will yickl a Taylor-series approxamation l;,,{i)
ol AL, 1.e.,

Bra(0) 2 (kLY = WETYE - 7Y around ¢ = KT
The decision variable 2/} in (6) can be approximated by
:

HAYD Naho(0) + Y TN 4 X)
k=l

[
+ Y BTN - A+ ()

A=l

We now define P/(E) (o be the following approximalion

of the bit ceror probubility PUE):
P E) £ Pr{z(J) < 0).

Then, by condilioning on {X_; - X1 X, - X;)= X we (ind

DY

L F N IR I T |

P20y < 0)x)P{x})
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P(3(J) < 0|x),

= Q_:L 3

X=leor- 121 30)
where Lhe sum is taken over all the possible sequences X
={x_g--xxi--x )€ =1, 1}t and where is used the iid
cquiprobable property of source {Xx}. Since J and 7,(5)
are independent zero-mean Gaussian random variables
wilh tespeclive variances o] and o,, Pr{(Z(/}<0|X) is found
lo be

.. L
Vi (i0) + 3o hokTH -k +22) |
y — &_I ——

Q L : |
[0, ST = 2) 1]
F]

It is worth mentioning several special cascs, where the
above expression reduces to simpler formulas.

{a)Matched roll-off factors and jitter-free sampling

(b}Matched roll-off factors

(c}Jitter-free sampling

(a) Matched roll-off factors and jitter-free sampling In this
case we have A,(¢) a raised-cosine filter and thercfore A,(0)
=VEs and h(kT)=0for all k=+1, +2, .. Also since jit-
ter-free sampling means thal g, =0, we have the optimum
i 255
PUE)= Q(\/ N ).

{h) Matched roll-off factors This case corresponds to A,
(0)= VFs and A (kT)=0for all k=+1, +2. ... The effect
of intersymbol interference due to jitter can be studied.

(c}Jitter-free sampling This case corresponds lo a;= 0.
[n fact this case has been considered in detail in the pre-

vious section.

In the following two subsections we focus on (two cases
where first the roll-off factors are matched a= 8 and sec-
condly the mismatched roll-off factors arc combincd with

sampling-jitter.

4.1 The Case of Matched Roll-off Factors

In this subsection we focus on the case of matched roll-

Sonpe Channel Noise Samphing
n(t)
— P, : t=1IT
L & ‘
N b i PO e 2O >y %
-1

Tiansmmtter Filter lteceiver Filter Drtector

Figure 1. A block diagram of a digital communiation system

x {G20,035)

vo‘L + (0.50. 0.35)
0 (0.35, 0.35)
10°%
LTS Uy VO S S Gy U S S|
Q 1 2 3 4 s 3 7 8 [ 0

Eb/No in dB

Figure 2. The bit error probability £.(E} of mismatched raised-
cosine filter pairs with the truncation length £ =6

10 — —
10 2; 4
\
107
x 0.01 +
10" o 0.05
+ 0,10
10° Dotted iines: Simulation
Salid ines: Formula
10 S SO S Y U0 SO VU T S|
1 2 3 4 5 6 7 8 9 10
Eb/No in gB

fFigure 3. The bit crror probability A(E)} from simulation and ils
approximation F(£) for the jitter-to-symbol duration

1)
ratio —T/* =0.01, 0.05 and 0.] :the roll-off factor «a=0.35

and the Lruncation lenglh L =6

Table 1. The 2A&T) and 4, (AT} (or the raised-cosine fitter with roft-off factor a

k=0 k=+£1,42,. . ¢L

h(kT): VB 0
H(KT): 0 VE, CYeostent)

kT'{1-dalk?

' In case of 2ak = +1, use the limit value

. (-1)* cos{ank) (—)*x
i Vv E; =
amtg YV VRT(T — dikD) VE g7
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off Tactors, For the raised-cosine filter 2,8} A(¢) we oblain
Table 1. Using the lable yields

el fop o gy ay)

P E]x).

where

ki) = [——— B )

i - D reapnd

LT P-al B TY VR R S

In case that the truncalion lenglh L s large, (or example

, , N . . -
I. 24, o, essentially equals T" - Wilh this assumption £

o

(K) is rewrillen as follows.

fery
. ) N
Py = e VR ) (7)
\[i ["L‘ T (1) vosgarm ks i_i“.l.}! + l]'

T b T 2 T -
=1

Figure 3 shows the accuracy of P(F) in {7) for the case of
the roll-ofl Tactor o= 0.35, 4 common practice n digilal
satellite communication, and the truncation length 7. = 6.

The amount of jitter is specified in terms of the jitler-to-
. a = . . .
symbol duration ratio TJ . Tor which Lhe following lhree

values arc chosen:0.0(, 0.0S and 0.1. The three solid lines
are obtained from The evaluadion of the approximation
formula (7), while the dotted fines are obtained from an ex-
tensive simulation using random number generation. Fig-

ure 3 shows pencral agreement between the approximation
formula and the simulation results for % =10.01 and Q.05
for a wide range of the signal-lo-noise ratio of 0 to 10 dB.
(For the case of % = 0,01 the formula and the simulation

are virtually indistingwshable and hence only (he solid

line is visible in thé (igure. These Iwo also virtually co-

. . , . - 27

incide with the optimum bil error probability Q( \/N_b )
N

the reason for which will he explained subsequently.} For

a
-;Fl =0.01 the approximation stays well within 2% of the

. . E
simulation result for Th =0 to 10 dB. the whole range that
)3

. 4 . .
has been considered. For —’{'- =0.035 the approximation slays
within $% of the simulation result lor A_’h up o 9 dB and

bl

at =101t 15 30% greater lhan the simulation. Even lor

0
4}
the case of I—J =1{.1 the lwo lines are in good agreement

)

for up to 8 dB, afler which the discrepancy grows and

Vi
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Ep

=10dB.

reaches Lhe factor of 2 at
[

From these observalions we conclude that the approxi-
mation Tormula is rcasonably accurate for a widc range
of the signal-1o-noisc ratio up 1o 14 dB and for the jitter-
to-symbol duration ratio up lo considerably large 0.05.
Upon accepling this conclusion, we can take a closer look
al the formula P(E) in (7) for the various factors involved

in the inlersymbol interference induced by jitter. These

faclors are () the jitter-1o-symbol duration ratio —f;i Ab)

. . . ki
e signal-to-noise ratio T’n {c) the roll-off factor a.

Q
and (d) the truncation length L.
Among these factors, the jitter-to-symbol duration ratio

% plays the mosl important role in Lhe sensc that, if it is

zero, then all the other factors are completely nullified -
this case corresponds 1o jitter-frec sampling and reduces
the approximation formula to the optimum bit error

probability of binary antipodal signalling. For a nonzero

N

a . , o 7
2L Al the other factors claim their rolcs. However, if ?J

is so small that the first teem of the squarc-rooted the de-
nominator in {7)-the intersymbol interference lerm-is
negligible compared with the second term - the chaonel noise

term, Then for a wide range of the signal-lo-noise ratios

s | 25, .

PUE} = Q(\/ . }. one example of which is shown in
(1)

. i . . LI

Fegure X for T =0.01. For a significantly large T ti) the

cffect of intersymbol interference is still small, compared
with the channel noise, for a small signal-to-noise ratio, e.g.,
IT!; £ 3 dB. and henee the approximalion formula is close
to the optimum bit error probabilily, but (i1} it grows with
—;: and becomes dominant over the channel noise. (Also
lhe approximation formula begins (o lose the accuracy

hecauwse the combined cftect of the jitler and is too

R
great 1o be caplured in the first-order Taylor seres ap-
proximation. This phecnomenon is noticeable in Figure 3
at around 19 dB.)

The roll-oft laclor also alfecls 1he intersymbol inter-
ference. For example, with the same source sequence {x—;
v X Xy e Xy ), the eontributions (o the intersymbol inter-
fercnee, in the worsl case of ¥ x=—xpfor k=1, ., L, is
for =1 ss much smaller than Lthat for «: 0 for . =6,

these two are (1.5878 and 24.01 respectively. This example
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clearly shows that a larger roll-off factor has a smaller
overall intersymbol interference. OFf course this has been

the principal idea of introducing raised-cosine filters.

x 0.01

10 o 0.05
+ 0.10
107 Dotted lines: Simutation

Solid lines: Formula

0T S 4 5 6 7 8 9 10
Eb/No in 98

Figure 4. The bit ereor probability P(£) from simulation and its
approximation P(E) for the jiller-to-symbaol duration

ralio % =40.01, 0.05 and 0.1 :the roll-off factor pair

{0.2, 0.35) and the truncation length L =6

x 0.0%

10 0 0.05 \
+ 010 \
10 Dotted lines: Simulation \

Solid hines: Formula

S S SO S J

7 8 9 10

10 o IS S T TS T ——
o 1 2 3 5
EbMNo in dB

Figute 5. The hit crror probability P(£) from simulation and its
approximation P(E) for the jitter-to-symbol duration
ratio % =0.01, 0.05 and 0.1 :the rall-off factor pair

(0.5, 0.35) and the truncation length L =6

The truncation length L also affects the intersymbot in-
terference as il is the upper limit in the summation in the
intersymbol interference term in (7). The larger the Lrunc-
ation length, the larger intersymbol interference may re-
sult. This makes sense hecause a larger truncation length
in the time domain is equivalent to a smaller bandwidth
in frequency and a smaller bandwidth is more likely to

cause more interlerence.

4.2 The Case of Mismatched Roll-off Factors with Sam-
pling -Jitter

For the case where the roll-off faclors arc mismatched
and sampling-jitter exisls, we present the numerical results
in Figures 4 and 5. All the the results are Tor L =6, and
the roll-off factor pairs are (0.2, 0.35) and (0.5, 0.35). The
corresponding values for A,(2T) and k, (T} are labulated
in Table 2. These figures show that the overall perfor-
mance trend is the same as in the case of the matched
roll-ofl {actor a=10.35 in Figuee 3, and that the approx-
imalton formufta seems accurate for up lo 10 dB [or the

case of % =0.05 (especially so for larger receiver rodl-oft

factors 0.35 and 0.5) and up lo 8 dB for %—‘-O.I. We

note that the mismalched performance of #=0.5 is betler
than the matched performance of #=0.35 in the casc of

,;{ =0.1, which is ralher surpristng in that a mismatched

filler outperforms a matched onc. This performance in-
verston is due to large sampling jilter because il does not
happen for small jitter. This Ninding makes us belicve that
in case of a large degree of jitter the larger recetver roll-
of I factor is better than the maiched rofl-off faclor.

V. Conclusions

This paper addresses intersymbol interferences in 2 ra-

ised-cosine filtered digital communication system : the mis-

Table 2. The values of A£&T) and ko (#T) for various roll-off factor pairs {a. 2}

) (0.2,0.33) T (0.35.(@}__'__'
Sl s e

] 009343 x 10! 0 1 )

{ 5.3807 x 107 —9.3906 x 10! 0 89018 x 10!

2| -2.3570x 107 38708 x 10" 0 3ubldex 10!

3| -1.1465x 10°*  —1.8371 x 107} 0 -9.6548 x 107

4| 3.6812x107% 81073 x 107* 0 11204 x 1077

51 ~4.4075x 1003 27349 x 1072 0 1.2571 x 1)y 2

61 3.4099x 1077 1.5866 x 10~* 0 -9.5258 x 10-3

(0.5,0.35)
h,(kT) h (kT
B

S —t—— . VB

3.9539 x 107"
26174 x 10 *
1.2078 x 10 #
-3.2972 x 1073
1.9937 x 107
5.0804 x 10 4
—~1.5007 x 103

0
-8.5158 x 10 !

25026 x 10 !
—-5.0012 x 1072
—1.1483 x 1072

1.4474 x 1072
—2.6802 x 1073
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match intersymbol interferences in case of jitler-lree sam-
pling and the jitier intersymbol interferences in case of
matched- and mismatched-filter systems.

The mismatch intersymbol interference occurs when the
roll-off lactors of Lhe transmilier and receiver square-rool
raised-cosine fillers arc difterenl. We have observed (i)
that, for the signal-to-noise ralio B < 10 dB, error due

"
to the channel noise is dominanl over thal due to the
mismatch inerference and Lhat the mismalch inlerference
oceurs in the same proportion Lo —f,h . which gains omi-
[¢]
nance over the channe) noise as the signal-to-noise ratio
increases, and (i) that. loc this tange of the signak-to-noise
ratio, the intersymbol interfercnce can be ignored [or
roll-ofT Tactors between 0.2 and 0.5 and (hecelore (i) the
signal cnergy cam be bargained for hardware simplicily.

The jitter intersymbol inlerference occurs when the
sampling-lime is out of synchronization with the bit duor-
ation. An approximation formula for bil error probabibity
is derived from the Taylor series approximation of the over-

all Gilter response. This formula 1s reasonably accurale for

, . . . YO
a wide range of the signal-lo-nmise ratio —5 < 10 dB.
Yo

. . - . . 04
and lor a considerable jilter-to-symbol duration ratio o

Z.05. Within the accuracy ol the approximalion for-
mula, we have identified the factors that affect the wmount
of infersymbol intesference : these laclors are the jitter-to-
symbol duration ratio % the signal-lo-noise ratio -E:L;
0

the the roll-off factor & of the raised-cosine filtersand lhe
lruncation length 1.

The accuracy of the approximation formula will make
it useful in studying the intersymbol interference as 1t can

replace lime-consuming stinulations.
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