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Abstract— A modified reduced-state sequencer estimator N

(RSSE) with a reverse-time structure is proposed for postcursor 0 l
dominated impulse response channels. This structure can provide ; St Y
significant performance improvements over a conventional RSSE L il ki

of similar complexity for a well-defined and practically
motivated class of channels.

Sequence Estimator } —

Fig. 1. System and signal model.

Index Terms—Intersymbol-interference (ISI), MLSE, RSSE,

time reversal, time reverse RSSE. ) L
output at timek is given by

L
Yk = Z hiax—i +ng 1)

=0

I. INTRODUCTION

HEN compared with the equalization performance of
maximum-likelihood sequence estimation (MLSE) the
reduced-state sequence estimation (RSSE) technique exhiwitereh; are the finite impulse response channel coefficients,
limitations and qualitative differences. The RSSE techniqueis the impulse response length excluding the cursprare
is only well suited to channels where most of the impulsée data symbols, and; is white zero-mean Gaussian noise
response energy occurs directly after the cursor and awith variance
precursor is small [1], [2]. Then, the channels postcursor ) )
intersymbol interference (ISI) can be dealt with by a reduced- No =03, = E{”k} (2)
state trellis search augmented by decision feedback. T%&g

means that RSSE can only be used effectively on restrict e vector of chan_nel impuls_e response coe_fficieqts will be
classes of channels which are largely minimum phase noted byh. The signal-to-noise ratio (SNR) is defined as

character (apart from some gross delay). This letter aims at E{GQ}EL R2
extending the applicability of RSSE to postcursor-dominated FS = 10log,, < k ~ =07 ) dB. 3)
channels by using a reverse-time processing structure. 0 0

In certain applications, the time-domain impulse response N C .
e S The equalization objective is to estimate the data sequence
of the channel exhibits a form where significant amounts of . ' .
- az }. Toward this goal, we define the channel state at time
the energy occurs at the end rather than the beginning of
response. Wireless local-area network (LAN) channels can y
take such a profile whenever their direct path is attenuated
by obstruction relative to reflections. In [3], Ariyavisitakul
develops a decision feedback equalizer (DFE) based onwRich plays a key role in MLSE especially with regard to the
reverse-time structure for such channels with great succeggerbi Algorithm [4].
In this letter, we extend this idea to a RSSE-based on a

reverse-time structure. A. RSSE and Motivation

As a design technique, RSSE as presented in the literature
can exploit the set partitioning principles of [1] (whenever

Consider a real-valued communication system comprisitige data symbols come from a higher order, usually complex,
of the channel and equalizer models in Fig. 1. The chanranstellation) as well as exploit state-space channel models [2]
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The full path metric for MLSE, corresponding to a transition ;q°
from statez; under inputay, is given by

L 2
Mak, T, Yr) = <yk _Zhiak—i> : (6) , |
=0 4 . .
10 00 ':-::::::::':::f‘:::::::f::::::i::;:ff::::zgg:

In comparison the RSSE path metric, using the truncated state
I, takes the modified form

o

Mag, Ty, a(Tr), yr)

. I 2 ° 10’2 ................................................
= <yk - Zhiak—i + Z hi&k—i(-%k)> , 0<I<L %
i=0 i=lt1 5
(7) w
5
10°°

where a(y) is the survivor sequence which is a function of
the reduced stat&;,. With regard to this survivorg;(i;) is
interpreted as the estimate of the data symbholClearly, if
the dominant channel energy lies in channel coeffici¢hts,
hit2,- -, hr}, there will be a significant loss in performance

in the RSSE scheme relative to the MLSE scheme. This can'® [iiiiiiiiion i s iy e
also be seen by examining the distance spectra described next.

+ 2 State RSSE “ o
* 5 State Rev RSSE 57 1\ 1 SEEEREON SO

.....0. 4S8tate VA . ... .. PR W W S W
. DISTANCE SPECTRA AND CHANNEL REVERSAL | g Uy |
In motivating a new RSSE processing structure, we reveal“"s0 s 10 15 20
a limitation of the conventional RSSE. Define time reversal of SNR (dB)

a channel as exchanging the first and last, second and second , ,

. . 2. BER comparison between, MLSE, RSSE, and time-reversed RSSE
last, and so on, elements of the channel impulse response. ﬁghannelh = (0.3230, 0.5831, 0.7450).
time reversal of channdi will be denoted byh.

B. RSSE Case

A. MLSE Case
Unlike the MLSE property of (9), the distance spectrum for

. Th_e MLSE performance for a t|me-reverse_d chanineb RSSE breaks the symmetry between an arbitrary chahnel
identical to that of the channdél because the distance spectr%nd its time reversah. Techniques to determine the distance
[5] of h andh are identical. This follows from the Euclidean ' q

distance for an error eventaiven b spectrum for RSSE or other performance measures can be
9 y found in [6] and references therein. This lack of invariance to

) | L 2 channel reversal can be crippling in terms of the performance.
2o T For example, consider the simple closed eye unity energy
dp(8) = Z Zh] k= ®)  ormalized channel:
k=ki () |5=0
ka() | L 2 h = (0.3239, 0.5831, 0.7450) (11)
— h €n_ N
Nl Jz:: Lri k=Lt where L = 2 and withl = 1, i.e., there are@l = 4 MLSE
- 5 states an@' = 2 reduced states. Then, by straightforward but
ka(e) | L , tedious calculation, we have the following minimum Euclidean
= > hja—j| =di(o) (9) distance results:
k:kl(e) =0
Four State MLSE:min dj (¢) = mindi(¢) = 0.8679  (12)
wherek; (¢) andk,(¢) are the start and end time indexes for e ce
the error event, respectively, and Two State RSSE1min dy(¢) = 0.4453 (13)
1 Two State RSSEmin d2 () = 0.8052. (14)
€ = §(az - &z) S {—1, 0, +1}. (20) cce

We also provide the full distance spectra in Fig. 3, where
Error sequences also satisfy the additional property that thiéne vertical scale is the error multiplicity which takes into
cannot contain more thaihconsecutive zeros [5]. Létdenote account the probability of the error sequences. The bit-error
the set of all such valid error sequences. Then, the distammformance curves are shown in Fig. 2 and we can see that
spectra forh andh are identical becausec £ = e ¢ £. there is a difference of 5.2 dB at a bit-error rate (BER) of 1.0
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Fig. 3. Euclidean distance spectra for: (a) four-state MLSE, (b) conventional two-state RSSE, and (c) two-state time-reversed RSSE, for channel
h = (0.3239, 0.5831, 0.7450).

The usual explanation for the significant loss in performanagentical. In the limiting case wherk= 0 (corresponding to
for the RSSE is that the reduction in states promotes eadysingle reduced state) the proposed structure reduces to that

merging and thus there is a greater chance that the MLBEesented by Ariyavisitakul [3].

path is prematurely discarded.
IV. REVERSETIME STRUCTURE B. Implementation
. . L The reverse-time structure reverses the order of a block of
Following and extending Ariyavisitakul [3], we propose e .
. . cl?annel output measurements of sufficient length and uses this
a reverse-time structure for recovering the performance 0 . ; . )
as data in a conventional RSSE algorithm, but using the reverse

the R..SSE algorlthm on channels for which the following of the channel model. The trellis dimensionality and structure
condition holds: . : )

are determined in the same manner as for conventional RSSE.
min d;(¢) (using conventional RSSE) Blocks of data estimates at the output need to be reversed as
‘ a final step of the processing. Such a structure is well suited

. 2 . .
< i d(¢) (using conventional RSSE)  (15)y, packet-based protocols but can also be extended to operate

i.e., the postcursor has the majority of energy in the chanf¥fl & continuous data stream. Grouping of data into blocks
(we refer to this as postcursor dominated). Whenever (15) ddgd@auired when applying to a continuous data stream, these
not hold, the conventional RSSE is superior. blocks require overlapping which consequently adds slightly
’ to the computational overheads.
A. Performance
The performance of such a modified RSSE structure for . o V. CONCLUSION _

channel, which we call the reverse RSSE, is identical to the A potential deficiency of RSSE whereby its performance

is not invariant to channel reversal can be turned to an

conventional RSSE acting on the hypothetical chainele.,

N advantage for a certain class of channels. Using a reverse-

min dy (<) (Reverse RSSE) time processing structure for postcursor-dominated channels,
significant performance improvements are possible over the

= min di (¢) (Conventional RSSE) (16) _ ( |

c€g conventional RSSE with the same number of states. In a simple

In addition, not only is the minimum distance the same but alexample, the performance improvement was 5.2 dB at BER
the complete distance spectra. Therefore, the performancesaird0—>.
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