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Making MLSD Decisions by Thresholding the
Matched Filter Output
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Abstract—This paper presents an iterative detector that, by received The proposed
thresholding the output of the matched filter, gives maximum-like- signal detector Complementary
lihood sequence detector (MLSD) decisions on binary, antipodally detector

modulated symbols that have been corrupted by intersymbol
interference and additive Gaussian noise. The detector will make
decisions onsome but often not all, of the symbols in a trans-
mitted sequence, and those decisions will be theamedecisions
as the MLSD would have made. The number of symbols that are ~ The detector is simple in structure and consists of a matched
detected is stochastic, varying from sequence to sequence. Theilter and two variable thresholds for each symbol, where
basis of the detector is a bound on a crossterm of the quadratic the thresholds are dependent on the received signal. In this
form in the log-likelihood function for the transmitted sequence. that the t itted bol ’ bi

The detector is simple in structure, consisting of a matched filter paper, we asslime ihat tne transmitied Symbois are binary,
and two variable threshold values for each symbol. and consequently the output alphabet of the detector becomes
ternary, “+1,” “=1,” and “unknown.” The detector is derived

by expanding, with respect to a single symbol, the quadratic
form of the log-likelihood function for the entire transmitted
sequence. This expansion leads to an expression where only
. INTRODUCTION one term depends on the symbol to be detected. This term is

N THIS paper, we present a simple detector of indepeﬁ_product of that symbol and a difference between the output
I dent, antipodally modulated, binary symbols transmitted ffom @ matched filter and a function of the other symbols, a
blocks over a discrete-time additive Gaussian channel with ffyction that can be upper and lower bounded by two thresholds
tersymbol interference (1S1) [1], [2]. We show that by acceptin@at are independent of the undetermined symbols. The symbol
that some symbols are left undetermined, it is possible to dedetected if the corresponding output from the matched filter
rive thesamedecisions on the remaining symbols as the maié either above the upper threshold or below the lower threshold.
imum-likelihood sequence detector (MLSD) [3] would, and i\s symbols are detected, new and tighter thresholds can be
a computationally efficient fashion. It is not known beforehang@lculated and more symbols may be detected. All symbols
how many, or which, symbols in any particular block will be |efthat are detected by this procedure are detected with the MLSD
undetermined. The proposed detection device is not intendecFErion, because they maximize the log-likelihood function
a stand-alone detector, but as an efficient means of extractfR§the transmitted sequence.
information in the form of MLSD decisions from the received Our detector offers an efficient way of obtaining MLSD de-
data. It can, for instance, be used in a scenario as describei§{Pns on some symbols. Perhaps the detector's mostimportant
Fig. 1. Some of the symbols are detected as MLSD decisionsW3e is as a computationally attractive means of obtaining MLSD
the proposed detector. These decisions are then, together WRRiSions when the MLSD itselfis infeasible, for example, when
the received signal, fed to a complementary receiver that g&mmunicating over channels with long delay spreads. As the
cides on the remaining symbols. model we use to derive the detector is quite general, there are
other areas besides the ISI problem where the detector is appli-
cable, for instance, in cochannel-interference and multiple-ac-
Paper approved by E. Panayirci, the Editor for Synchronization and Equeless interference situations [4], [5].
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[I. BLOCK TRANSMISSION SYSTEM MODEL which is the output from the matched filter for the discrete-time

Consider the transmission of blocks of binary data, typicalfmdel .(1)’ .Cf' [61, [71, [2]. \_Ne.defme the signal-to-noise ratio
interspersed with symbols known to the receiver, throughéNR) in this block transmission system as

channel with additive Gaussian noise akdown ISI.2 We A tr{M}
represent the resulting transmission system with the matrix SNR = ———
notation

(6)

wheretr{M} denotes the trace of the matii, i.e., the sum of
vy=Hb+n (1) the elements on the main diagonal. This block SNR measure is
. adequate for stationary channels where the entire block is sub-
where the transmitted message is coddslé {1, +1}",y € ject to the same ISI and noise conditions. Other SNR measures
RN+ 1 is a vector of channel observabld$ s a real-valued, are necessary to reflect variations of the 1SI and noise charac-
deterministic and know(V + L — 1) x N matrix representing teristics between the symbols in a block.
the ISI, andn is a jointly Gaussian zero-mean random vector \we define the average probability that a symbol is left unde-

with anN (0, R,,) distribution [6], [7]. We assume the symbolsermined after passing through the detector as
in b to be independently, identically distributed with an equal

probability of -1 and +1 occurring. Al X
If the matrix H represents a linear, time-invariant, and causal Pu= N Z Puk Q)
ISI channel, the structure & becomes k=1
ho 0 o 0 where £, 1 is the probability that the proposed detector leaves
symbol numbek undetermined.
hy ho
: hy - 0 [ll. THE DETECTOR
H=|p, , : o ho 2 In this section, we develop a detector making MLSD deci-
) sions on individual symbols in a block, a detector that consists of
0 hp—r - a matched filter and a threshold device. We develop the detector
: . : in a step-by-step manner that we hope is intuitively appealing to
0 . 0 hr . the reader. An explicit algorithm is given in Section I1I-B.
Let bMLSP denote the output of an MLSD given the obser-
where[ho, h1, - - -, hy,—1] is the impulse response of the systemuationy. Furthermore, let;, b;, bM-SP andm; ; denote the
If ho # 0 andh;_; # 0, thenL is the length of the system elements inz, b, BMLSP and M, respectively, wheré is the
memory. row index andj is the column index. Focusing on the detection

An MLSD is a processor that, given the received signahd  of the kth symbolb;,, we rewrite in the appendix the negative of
model (1), finds the sequengethat most probably was trans-the log-likelihood function (3) and obtain
mitted, consequently minimizing the probability of choosing the
wrong sequence [8]. The MLSD finds the sequence mhiai- A(b,y) = 2b,(A(b, k) — z) + Z bym; ;b — 2
mizesthe negative of the log-likelihood function ik, ik

N Y bizi+mag+y Ry (8)
where the normijx||a 2 vxTAx [6]. In its trivial form, the Where

MLSD performs an exhaustive search oerl,+1}", and N .

hence its computational complexity is proportiona2{o. With Ab, k) = z; bimmi k- ©)
the Viterbi algorithm [3], the computational complexity is pro- ke

portional to N2%, where if the channel impulse response i®bserve that\(b, k), as given by (9), and all but the first term
time-invariant, L is the length of the system memory as depn the right-hand side of (8), anedependenof b;.. Note also

scribed by (2). that
We continue with a number of additional definitions that we
will find useful in what follows. Let us define the matrix A, k) < bimig| =D mi il (10)
A itk itk
M=H'"R;'H 4

and recall thaty, is the output from the matched filter. Now,
which determines the metric used by the MLSD. The detectore are ready to make the crucial observatirz,. is above

developed in the next section operates on the vector the possible maximum &(b, k), i.e.,if 2z > 37 |[mixl,
A the functionA (b, y) in (8) is minimized by, = +1, indepen-
z=H'R'y =Mb+H'R_'n (5) dently of the status of the other symbdience,b; takes the

I . _ value +1 where the function(b,y) in (8) has its global min-
IFor simplicity, we present our results with binary pulse-amplitude modula-

tion and real-valued channels. An extention to QPSK and complex-valued chqfium, @nd thus the corresponding output of the MLSD is pos-

nels is straightforward. itive, ZAJQH“SD = +1. Similarly, if z;, < — E#k |mi k|, then
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pMLSD =-L This is true for all position&, and the testscan 'R |2 Threshold device N
be done independently for all symbols. These observations are

sufficient for attempting to detect some symbols in a block with y
the MLSD criterion using only a matched filter and a thresholgly 5 gjock description of the proposed detector.

device.

Assume now that some of the symbolskirhave been de- \ Sp decisions. For this purpose, we compare the decision
tected as described. We proceed by minimizing the log-likgsgions of the MLSD with the decision regions of the proposed
linood function (8) with respect to the remaining undetefetector. We make this comparison using the binary hypercube
mined symbols. With the same technique as above, the Si§fyescribe the transmitted data, so for a moment we change

A(b, k) in (9) can now be bounded from above by signal space. Consider the detector’s decision regions for the
sufficient statistics [6]
Af = Z m pbYESP 4 Z | x|
{ili%k,b; detected {ili%k,b; NOt detected bu(y) EMTHTRly = M1z (13)
(11)
in RY, whereM is given in (4)2 Because both the MLSD and
and from below by the proposed detector can be derived as operating.gg),
they are completely described by their corresponding decision
AT 2 > mi  bMESP — > |mix|  regions. )
(ilizhb: detected (ili=kb: NOt detected We plot decision regions folb,(y) when transmitting

(12) blocks of two symbols over a time-invariant channel with
white stationary Gaussian noiae and with a channel im-
rj%glse responsého, 1] = [1,1/2], see (1) and (2). Fig. 3(a)
contains the decision surface of the MLSD for the detection
of the first symbol in the block. The four possible trans-

; TR " +
respectively. When a symbol is detected, the distances t%':{ted sequences are marked with circlesblf € Dy, then

L MLSD . i it
tween upper and lower thresholds in its vicinity decreas _,mbol one ofb IS e_zqual o 4_'1' othe_,\rW|se, Itis1. In
as is determined by the matriM. Again, we can check ig. 3(b), the corresponding decision regions of the proposed

+ —
whether the output of the matched filtex > A}, and if it g;fg;cl’ro";r: izh:(‘q";r;l ':’ou flilrrd.?r ::eus Se(cot:itv,e It;elfgmzué)gor
is, we know thatb}™SP — 41, Anal ly, if 2 < AL \ TR oo S L
S, we know thatb, + alogousy, 12k < S e detector is unable to make a decision. As in Fig. 3(a) and

then bMSP = —1. Thus, by comparing the output of the o ; ¥ Z
matched filterz, with these new and tighter thresholds, a Etejg:totrh ewicilleglli\llgnsr?agelosnuglgéetzngf?ﬁe (::fo:?ees p(;ﬂz?nse%edceiéion
ditional symbols could possibly be detected. This proceduré’.”’ A P 9

. ¢ gions of the MLSDD; and D;;. Consequently, whenever
can be repeated until no more symbols are detected. - .
output of the detector then consists of a sequence of ML cisions are made, they are the same as the deC|S|on.s made
ag/ the MLSD. Although the example does not cover higher

where the difference between (11) and (12) is the sign p
ceding the second sum. We will henceforth refer Aq
and A, as the upper and lower threshold for symbal

decisions possibly interspersed with undetermined symbols. . he | . ahteni f the threshold

Because both the MLSD and the proposed detector fin gnensions o the iterative tightening of the thresholds, we
- L . ope that it illustrates how decisions are made by slicing

symbols that maximize the log-likelihood function (3), We o signal space into three parts

conclude that their decisions on the symbols are identical. '

Note that the above-presented procedure for detection is inde-
pendent of a scaling of the noise covariance majx Hence, .
given the correlation of the noise, the detector is independemBof Matlab™ Style Algorithm
the SNR, which also conforms with the MLSD. In this section, we will give a formal description of the iter-

We view the proposed detector as a matched filter followedive algorithm that was derived in Section Ill. The algorithm
by a threshold device, as illustrated in Fig. 2. As is evident frois one example of a possible Matlab™ style algorithm, which
the above, the thresholds are dependent on the received sigtr@isses ease of understanding rather than computational effi-
and, thus, have to be recalculated for each block of data. ~ ciency. . .

Viewing the detector in Fig. 2 in the framework of the sam- Letb = [b1,---,bx]" denote the output of the proposed
pled, whitened matched filter front-end as described by Fornggtector. Furthermore, let;" andA; denote the upper and the
[3], the digital whitening filter and the matched filter of the profower threshold, respectively. For convenience, let the output of
posed receiver are each other's inverses. Thuspuld then be the detectob belong to{—1,0,+1}"", where a zero signifies

the output of the sampler. that the detector does not make a decision on the corresponding
bit.
A. Geometrical Interpretation 2The matrix operatio™M ~*H7R ! is an instance of the Moore—Penrose

. . . .. . rpseudoinverse and can be seen asz#tre-forcing equalizefor block trans-
We would like to give an intuitive feeling for how a detectorission systems [6], [7]. This can be illustrated by inserting (1) in (13) giving

consisting of a linear filter and a threshold device can providge(y) = b+ M-*H”R'n.
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Fig. 3. Examples of two-dimensional decision regions for the statil?stm;y) and for the detection of the first symbol in a two-symbol block. (a) Decision
regions of the MLSD and (b)the proposed detector, with[thex>] as coordinates iR *.
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Fig. 4. The output of the matched filter plotted together with the thresholds of the iterative algorithm in an example where four iterations dceaiaitetie
final thresholds. (a) First iteration, (b) second iteration, (c) third iteration, and (d) fourth iteration. Symbols that are detected areviitthi¢atehd undetected
symbols are with “*.”
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One algorithm describing the detector is as follows.
1) Initiate: —

joN=RaXaXal
niagnn
I
ao

b :=0, forallk.

REPEAT
2) Store previously detected symbols:

ap 1= by, forallk.

The probability of no decision

3) Calculate the upper threshold:

Afi= Y magbi+ Y |mial, forallk.
{ilisk, b; 0} {i|izk, b; =0}

4) Calculate the lower threshold:
Fig. 5. Probability of a symbol being left undeterminef,, for the

proposed detector plotted versus the strength of the second, tap a delay

Ay = Z mi,kl;i _ Z Imi x|, forallk. @€ I[1,2,5,10,15]. SNRis 10 dB.
{ilis£k, b;£0} {alik, b;=0} ) _ ) )
sion, one obstacle being the stochastic behavior of the thresholds
5) Compare and detect: as they are dependent on the received signalfere, simula-
tions are used to reveal some of the important properties of the
41 N detector.
b _1’ o < A’:‘ for all & Simulations were carried out where the proposed detector
ko= ’ Ak o ) was used in a two-path ISI environment described by (1) and
0, otherwise :
(2) with
UNTIL by = ay, for all k. hy, = s(k) + as(k — d) (14)

The algorithm will continue to iterate until none of the re-

maining symbols are detected or there are no more symbold'fgeres(-) is the raised-cosine function ([9], pp. 535-536) with

be detected. However, it is possible to perform a fixed numb&loff 5, and where the symbol length is normalized to one. The
of iterations much lower thaiV without severe performance cOnstanty is the real-valued amplitude arids the delay of the

degradation, as indicated by simulations in Section IV. second tap. Note that when the detajs not an integer value,
the pulse shaping may introduce substantial ISI. Throughout

C. Example of the Operation of the Detector these simulations, the noiseis white, stationary, zero-mean,

To illustrate how the algorithm presented above calculatggd Gaussian. If not otherwise stated, the block lengta 20.
g P In Fig. 5, estimates of the probability that a symbol is left

the thresholds, we present an example where blocks of binaw ; .
' X S X . in (7), I h h of th
data of lengthV = 20 are transmitted over a tlme-lnvarlantu determinedP, in (), are plotted versus the strength of the

X . second tapy, for integer delaygl € [1,2,5,10,15], with 5 =
channel described by (1). The impulse response of the system, as AR . s
in (2), is[ho, b1, ha] = [1.0, 1], the noisen is white, stationary,nb'o and an SNR of 10 dB. The average probability, given a cer

and Gaussian with an SNR of 10 dB. In Fig. 4, an examp glqd, has global maxima at = _1_andoc - _.1; itis I.OW 'f.
. . . oo S &| is small or large enough, and it is also nonincreasing ith
of the iterations of the algorithm is given. The solid lines ar,

| . > . .
the threshold\;” and A, , while the stars and the circles are d = IV, the two received echoes are separgble, effectively an
) ; . L Sl-free case, and consequently the detector is able to detect all
the output of the matched filter, with the circles indicating bol
detected symbols, and the stars undetermined symbols In HE 20> . - L
' ' E|g. 6 shows the probability of decisidt — P,,), minimized
example, the upper and lower thresholds have merged for mgst : . .
) . . y varying « in the interval[0...1], versus the delay. Ex-
of the symbols in the final iteration. The symbolsiagqual to .
amples are given fo = 0.2, 3 = 0.3, and3 = 0.4. The
15, 17, and 19 could not be detected. Note that symbol 12 was . bability of decision in Ei is about 20%. but |
detected as positive although the output from the matched fil gimum probabi lty of decision in Fig. 6 is about 20%, but it
was negative I1es mostly between 30% and 80% for moderate dethy@ne
9 ' important factor for the probability of decision is the amount
of ISI, or rather the autocorrelation of the channel impulse re-
sponse. A channel with all channel taps positive gives a much
The potential of the proposed detector is dependent on wsrse probability of decision than the same channel would have
ability to make decisions. A natural approach would be to tgone if the signs of the taps had varied randomly. The sum of
to analytically determine the probability of decisibn- P,. It the absolute values of the channel correlations determines the

seems, however, to be difficult to derive a closed-form expretbwresholds and, thus, the detection rate.

IV. SIMULATION EXAMPLES—PROPERTIES
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Fig. 6. Probability of decision — P, versus the delay € [0---20] for
three different rolloff factors: (ay = 0.4, (b) 3 = 0.3, and (c)3 = 0.2. The
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Fig. 7. Probability of detection for each individual symbal P, , versus

SNR.

5
SNR [dB]

Q 10 12 14 16 18 20
d

(@ w0l ]
< E
o ]
g : : :
s 0 ]
£os : : ;
g : : :
a N B N
£ o 10 12 14 16 18 20 ' 3

d

(b)
c 10° 1‘5 20
2 SNR [dB]
3 ; . *
hd : : :
3 : f g Fig. 8. BER of the MLSD for the symbols that could have been detected by
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Fig. 9. Average number of iterations versus the block lengthfor a0 €
{0.2,0.3,0.4,0.6,0.8,1.0} with d = 2. Note the scales on the axes as well as
the order of the curves.

atk € [3,4,17,18], are also detected more frequently. It can be
observed that the probability of detection in general decreases
with increasing SNR, which may at first seem counterintuitive.
However, as the SNR increases or, equivalently, the noise power
decreases, the probability that anyexceeds the thresholds also
decreases: the quality of the decisions increases with the SNR,

Figs. 7 and 8 show data from a simulation varying the SNR imhile the number of decisions made decreases.
a two-tap channel model with impulse respoffsg i1, o] =
[1,0,1], as described by the model (14) with= 2 and« = 1.

Fig. 7 shows the estimated probability that symbol nunibisr

In Fig. 8, the bit-error rate (BER) of the MLSD is plotted
versus SNR, with the BER divided into two parts as follows:
1) BER of the symbols that would have been detected by the

detected versus SNR. The plot shows the probability of degroposed detector and 2) BER of the symbols that would have
sion for each individual symbdt € [1,2,---,20] separately. been left undetected. It is observed that the symbols that would
The four symbols at the edges of the block, i.e., the symbdiave been detected have a BER that is much lower than the
corresponding té& < [1, 2,19, 20], are the most likely to be de- BER of the other symbols. Apparently, the detector at an average
tected. This is because these symbols are subjected to lesdiifsls symbols that are “easy” to make correct decisions on. In
than the symbols in the center part of the block. As these sythis sense, the detector can also be seen as a means to obtain
bols are detected more frequently, their neighbors, the symbbisary soft information about the reliability of MLSD decisions.
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In Fig. 9, the average number of iterations needed for tr ¢
algorithm to terminate is plotted versus the block lenjttior :
varying strength of the second tap(d = 2) in the two-tap
channel model (14). It can be observed that the average num| kg
of iterations only increases slowly with, especially for small
and large values dfy|.

Fig. 10 shows the estimated probability that a symbol is le' 1°
undetermined versus the block lengthfor different values of .

—_— 0.9
—— 08

—— 07

« in (14), but withd = 2. For large enough block lengths, % s
the probability that a symbol is left undetermined seems to k 1°°F —
independent ofV. This is reasonable as the influence of edgt ' - ™
effects should decrease. __: Z:

V. SIMULATION EXAMPLES—PERFORMANCE

We present two examples of using the proposed detector 17 = 15)0 0
combination with other receivers. An extensive discussion ¢, N
Combmat'or? teChmque?’ and performance results is beyond ig7 10. Estimated probability that a symbol is left undetermirféd,versus
scope of this presentation, but we hope that the short examiaeblock lengthV, for o € {0.2,0.3,0.4,0.6,0.8, 1.0} with d = 2.
below will provide a working knowledge on the topic. This is
one of many ways of combining receivers. We have chosen ba
; ; —A—I The proposed detector

show it here because it has favorable performance and beca 'y -
itis less obvious than, for instance, just substituting the detect: i Comrlglgg‘gmy .
symbols.

_Say that the proposed detector 'S_ u_sed '_n a system mOqu!%dllA. Proposed detector as a preprocessor to a complementary receiver. The
with (1). In order to detect the remaining bits, we assume thaktorb . denotes the ternary output of the proposed detector.
the detected bits are correct and subtract their influence from the
received signal, as is illustrated in Fig. 11. Consider the randor

vector resulting from this subtraction MMSE-BLE
5 : MMSE-BLE aided
x =y — Hba (15) i o MMSE-DFE

MMSE-DFE aided

wherey is the channel output from (1) amdh € {—1,0,+1}"
denotes the ternary output of the proposed detectoiGleé a
matrix containing the columns & corresponding to those bits &
that werenot detected. It follows from the structure & and
(15) that the random vecter, givenb (and given correct deci-
sions) is Gaussian witk ~ N(Gc, R,,), wherec is a column
vector containing the undetermined bits. Thus, we mackes

x=Gc+n (16)

9 10 11 12 13 14
SNR [dB]

wheren is the same noise vector as in (1), thus- N(0,R,,).

To detect the undetermined bits, we can give the vextand Fi_g. 12. BER of the aided and unaided receivers versus SNR for a channel

the characteristics of the channel model (16), (egandR.,,, to with long delay spread.

any detectointended for block transmission systems. Note that

G in general will represent a time-variant system even when theWWe present results from simulations of block transmission

original channel modd represented a time-invariant channeSystéms with two different complementary receivers: the
Naturally, when a decision made by the proposed detecfBf"imum mean-square-error (MMSE) linear equalizer and the

is erroneous, the reduced system of (16) is an incorrect mof#VISE DFE. They were both implemented as described by

of the signalk. As a consequence, the complementary detectépleh in [7]2

will be inclined to make additional erroneous decisions on the [N the simulations, blocks of data of lengfi = 70 are

remaining bits. However, since the proposed detector maKgansmitted over a time-invariant dispersive channel with addi-

MLSD decisions, the error propagation should be less seridiié¢ Stationary white Gaussian noise, as described by (1). The

than compared to the error propagation in, for example, a dgwulse response of the channe[fis, h1, h2, - -+, hio, hzo] =

cision-feedback equalizer (DFE). Simulations such as the onesrhese receivers were derived in [7] to operate on the output of the matched

presented below provide some support for this conjecture. filter. Here, this corresponds @7 R 1x.
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is close to the true channel, we expect that the receiver will

MMSE-BLE 8 perform close to optimum. No sensitivity analysis is given here,
MMSE-BLE aided |. but it can be expected that the proposed detector and the MLSD
MMSE-DFE || have very similar characteristics.

MMSE-DFE aided |: An important property of the proposed detector, determining
MLSD 8 its practical potential, is its probability of making a decision.

44444 Typical detection rates lie between 30% and 80% of the sym-
bols. Channels with strong ISI and high SNR leave many sym-
: bols undetermined. The average probability of making decisions
----- is dependent on the ISI and the block lengdth as well as on
the covariance matrix of the noise.

APPENDIX

""" : : : ; g N : LOG-LIKELIHOOD FUNCTION

‘snage). %M Letb;, z;, andm, ; denote the elements i z = H Ry
andM = HTR'H, respectively, whereis the row index and

Fig. 13. BER of the aided and unaided receivers versus SNR for a chanjlqls the column index. Then, the log-likelihood function
with short delay spread. The BER of the MLSD is included as a reference.

A(b7Y) = ||y - Hb”%{;l

[1,0,---,0,1,0.3]. The simulation results in terms of the BER T - S
=b"Mb — 2b7z + y"R 'y

versus SNR are presented in Fig. 12.

Another example with a shorter channel enabling :Zbimijij—ZZbizierTR;ly
the MLSD to be included as a reference is given in i,j i
Fig. 13. The previous channel has thus been shortened to _ 7. . _
[ho, h1, ha, hs, ha] = [1,0,0,1,0.3]. Here, the performances ;bkmk’]b] +§bzmz’kbk 2wz
of the combined receivers are compared with the performance
of the MLSD. From these simulations, one can conclude + Z bimi,jbj + brmk b
that the proposed detector gives some, but not revolutionary, ik gk
improvements of performance. -2 Z bizi + vy Ry

itk
VI. DISCUSSION _ Z by i + kaJ’bj o
A unigue approach to the problem of MLSD has been pre- itk J#k

sented based on a novel decomposition of the likelihood func-
tion. A detector of low computational complexity is derived that
makes MLSD decisions on a portion of the transmitted sym- o
bols. The key components of the detector are a matched filter Ty Ry
and a threshold device with two variable thresholds per symbol.
The thresholds for a specific symbol stem from an upper aidd |b,| = 1 andm; ; = m;;
lower bounding of a function of the other symbols, cf. (9)-(12).
This function appears in the quadratic term of the Iog—IikeIiA
hood function for the received sequence [see (8)]. We have give
our presentation in a symbol-sampled block transmission envi-
ronment. However, the results are generalizable, for instance, —22 bizi+me+y Ry (A2)
to continuous-transmission systems, fractionally-spaced com- ik
plex-valued channels, and QPSK modulation.

We believe that the primary use of the proposed detector isvdgere
a preprocessor to suboptimal receivers inferior in performance N
to the MLSD. It can aid these receivers by providing MLSD A(b, k) = Zbimi:k (A.3)
decisions on some symbols. ik

In an implementation where the number of iterations is fixed,
the detector can be implemented with a complexity proportionzf€ (8).
to the block lengthV times the length of the channel memory
L, and due to the modulation being binary, without using mul- REFERENCES
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