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An Adaptive Per-Survivor Processing Algorithm
Zhenyu Zhu and Hamid R. Sadjadpp&enior Member, IEEE

Abstract—We propose an adaptive and parameter-independent this drawback, the conventional PSP algorithm with fixed step
per-survivor processing algorithm to improve the receiver perfor-  sjze is impractical. Its performance with optimal step size be-
mance on time-varying channels. With a variable step size for a ,meg the high bound for the practical PSP algorithm without
plurality of survivor paths, this new method eliminates the depen- L . . . .

optimized step size. The degradation due to this unoptimized

dency of all the survivor paths and improves the convergence rate AL ; . .
of channel estimation. step size is significant and will be shown in Section Ill. To tackle

Index Terms—Doppler shift, joint data detection and channel es- this problem, an adaptive PSP is proposed in this paper that can

timation, per-survivor processing, time-varying channels, wireless Speed up th? convergence rate and improve t.he performe}n.ce of
communications. the PSP in time-varying wireless channels without optimizing

the step size. This variable step-size approach is applied to each
survivor path individually eliminating any dependence between
all survivor paths in the original PSP approach.
IGITAL communication over time-varying wireless chan- In [3], variable step-size LMS (VS-LMS) algorithms were an-
nels results in both data detection and channel estimatigiyzed and tested in the steady environment which showed its

problems at the receiver side. The well-known maximum-likgxromise of overcoming the slow convergence rate. However, the
lihood sequence estimation (MLSE) [1] represents the optimyserformance of the VS-LMS algorithms on time-varying chan-
data decoding scheme under the assumption that the receisis has not been studied. The proposed adaptive PSP will show
perfectly knows the channel parameters. In time-varying enthat VS-LMS algorithms can also improve the system perfor-
ronments, several new adaptive MLSE algorithms for unknownance in dynamic environments, due to the high accuracy of
channels were proposed in [2], [5], and [6], including jointhe data-aided channel estimation in PSP. The VS-LMS algo-
channel and data estimation based on per-survivor processiifigms suffer from another drawback, i.e., the performance is
(PSP). PSP embeds the data-aided channel estimation ey sensitive to the selection of a parametemrepresenting
the Viterbi algorithm. Each state in the PSP has a separgie step-size updating factor. An optinaahas to be determined
channel impulse response (CIR) estimate which is based Isgfore applying VS-LMS. Basically, the algorithm transfers the
the survivor path leading to that state. The CIR update in tperformance dependency on step gizato the dependency on
PSP for each state is carried without any decision delay. Thigp-size updating factar. In this letter, we proposed a new
algorithm exhibits considerable improvement, compared to tB&ep-size updating scheme which is independent of any param-
conventional adaptive MLSE. eters. This new channel estimator can approach the optimum

In the PSP decoder, the least mean square (LMS), recurgiégformance of the PSP with optimal step size in highly dy-
least squares (RLS) and Kalman filter [4] algorithms can be usgdmic channels without any knowledge of the speed and channel
to estimate the channel parameters. In this paper, only LMScisnditions.
investigated due to its implementation simplicity. The accuracy
and the convergence properties of LMS determine the overall II. ALGORITHM
performance of the PSP algorithm. In the time-varying channel, ) .
the convergence rate of LMS is governed by the step-size param--rhe gstlmated channel parameté_u@n) of each state:, at
eter 3, which determines the tracking ability and convergenégne” in a PSP-based [2] approach is
rate of the LMS. The conventional PSP was based on fixed R
step-size LMS. But in a time-varying multipath and Doppler- h(pn) = Fa [T(t)» {a;(pn) ?ioo] @)
shift environment, there is no fixed optimized step-size param- .
eter that can estimate the channel well all the time, because Wieere ;) [o] denotes the function that estimatedased on
receiver has no knowledge of the terminal speed and other ftst received signal(t) and the estimated data symbaélson
changing channel parameters. Without the ability of optimizirtipe survivor path. These survivor estimates may then be used in
the step-size factor, the performance of the PSP will have a silge computation of the branch metrics
nificant degradation in dynamic channel conditions. Because of

. INTRODUCTION
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The data vector may be defined as Adaptive PSP Performance (fd=133Hz)

100

a(ftn = png1) = [@n(fn = fing1),
dn—l(/f'n — un+1), ey &n_L(ﬂ:n - //l'n-l—l)]t - (4) 101}

The error for each path is computed as
e(ﬂ'n - /Ln-l-l) = T(t = nTs) - E (,U/n)g(/j'n - ,U/n+1)- (5) 102}
The channel will be updated at each symbol period for all th

survivor paths as B,
ﬂ(.u'n-i-l) = ﬂ(un) + ﬂe(/lf’n - .u'n—‘,-l)@*(.u'n - .u'n-i-l) (6)
wherex represents complex conjugate transpose of a matri: .| [— fixed step size PSP (optimal step = 0.1) |
The updated channel coefficients are then used to compute t o o e o o e s =y 3
1 1 i i *—X d adaptive PSP (initial step = 0.06
branch'metncs in the next stage, which determine the next s 6 e ston BSP (mitel ston 0,08 2loha0.01)
of survivor paths. 108 . . . A .
. . . . ¢ 5 10 15 20 25 30 35 40
The proposed adaptive PSP is concerned with making the P! SNR(dB)

algorithm of (6) adaptive for a mobile environment. In (6), the

step-size factor used in the LMS algorithm for all the survivotig. 1. BER of PSPs withfd = 133 Hz.

paths is the same and fixed. Here, we choose a variable step-size

factor for each path based on the estimated data sequence relgigeg of times, the step size is decreased. On the other hand, if

to the survivor path. This will essentially break and separate #8 sign stays the same for another specified nuntber) of

possible dependencies between different paths to estimatettines, the step size is increased.

CIR, and for a fast time-varying system, this can improve the This VS algorithm proposed in [3] showed significant

performance considerably. improvement over the conventional fixed step-size LMS with
To take advantage of the VS-LMS algorithm in the PSP, fdaster convergence and higher accuracy. Unfortunately, the

each state of the trellis, the associated channel coefficients wilove VS-LMS suffers from another drawback, i.e., the perfor-

be estimated with the survivor path which ends in the state am@nce is very sensitive to the selection of another parameter

a variable step-size parameter which is also decided by the sur-The algorithm transfers the performance dependency on

vivor path. Therefore, the new channel estimator can be estep sizes into the dependency on step-size updating factor

pressed as a. We propose a new step-size update scheme to eliminate the

f( ) = ,A( )+ B( Yeljim — ) dependency on any selection of parameters. The_ new variable

Hnt1) = Bkn Hin = Hnt1)€n = fint1 step-size algorithm is based on the absolute estimation error.

X@"(pn = pnt1)- (7)  The step-size updating scheme is given by

Notice the step-size paramet@fu, — p,11) becomes a
vector indexed by each survivor path and is adjustable individu-
ally with time. This variable step-size can be updated using the
variable step-size algorithms when the survivor paths progress. Bk = pin+1)

The variable step-size LMS algorithm [3] updates the step =max (B(pn—1 — ftn) — |€(ttn = tn+1)| s Pmin)
size by multiplying (adding) or dividing (subtracting) the pre- (10)
vious step size by a factor in the adaptation process

ﬂ(l‘n - Nn+l)
= min (/H(.u'n—l - /Ln) + |e(///n - llfn+1)| 7/8max)

wheree(u, — pny1) is the estimation error on the last survivor

Bltn = pny1) =B(pn—1 = pn) X v, if path. TheBma, andBuin are chosen to constrain the step size
Blin — tint+1) <Pmax so that the mean square errors remain bounded while minimal
B(pn_1 — 1) tracking ability is obtained. The proof of the convergence of this
Blin = pin+1) = o o i algorithm is beyond the scope of this letter. All the results ob-
Blin — tnt1) >Pmin (8) tained here can also be applied to fractionally spaced receivers.
whereq is the step-size updating factor and> 1; or . RESULTS
Blin = ting1) =P(pn-1 = pn) + o, if The algorithms were tested with the 1S-136 TDMA data
Btn — tint1) <Pmax packets with different Doppler shift frequencies. Figs. 1 and
Bt = ping1) =B(fin_1 — pn) — o, if 2 show the algorithms’ performance with Doppler frequency

Bt — fins1) >Bmi ©) of 133 and 207 Hz, respectively. The solid curve represents
" " i the PSP with optimized step size. The dashed curve represents
whereq/ is the step-size updating factor anti> 0. the PSP with unoptimized step size, which shows a significant
The above step-size parameter updating occurs baseddegradation compared to the optimized case. The curve with
the sign changes of the error vectdy, — pny1)a”(un — diamond marks represents the PSP with variable step size
un+1)- Ifits sign changes consecutively for a specified numbéut with fixed and unoptimized alpha. Although it has some



1718 IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. 50, NO. 11, NOVEMBER 2002

Adaptive PSP Performance (fd=207Hz) PSP performance vs. initial step size

10° 100

-- fixed step PSP (fd=207Hz)
fixed step PSP (fd=133Hz)

-e---e- adaptive PSP (fd=207Hz)
—e—e— adaptive PSP (fd=133Hz)

107} 107 ¢

102 IEI:J 102
i @
om
103} 4 103
—_ fixed step size PSP (optimal step = 0.21)
e fixed step size PSP (unoptimal step = 0.06)
AO——A proposed adaptive PSP (initial step = 0.21)
¥——x  proposed adaptive PSP (initial step = 0.06)
O——© variable step PSP (inital step =0.06 alpha=0.01)
41 L f 1 f L N 4 = L L 2 1 M N
0% 10 pp P 25 pvS v 2 10% 005 01 015 02 025 03 035 04
SNR(dB) initial step size
Fig. 2. BER of PSPs wittfd = 207 Hz Fig. 3. PSP performance versus initial step size.

improvement over the PSP with fixed unoptimized step size [ € independent of every other path. Notice that this tech-
still shows a large degradation compared with the optimiz&idue is not limited only to the LMS algorithms/receivers. In
case. The two curves with triangle mark and cross mark, resp8gnera!, techniques that utilize the estimated data sequence for
tively, correspond to the proposed adaptive PSP with differefftannel estimation utilizing the LMS or RLS algorithms adap-
unoptimized initial step sizes. It can approach the performantiély can use this approach in a PSP-based receiver. A similar
of the optimized PSP without knowing the optimized step siz&PProach may also be used with suboptimal algorithms such as
and is independent of any selection of parameters. The optirfgiuced state-sequence estimation (RSSE) and delay decision
step sizes for the optimized PSP are obtained by trying the sfEgfiuency-sequence estimation (DDFSE).

sizes from 0.01 to 4.0 in steps of 0.01 and selecting the ones

with the best performance (0.1 and 2.1 faf = 133 Hz and ACKNOWLEDGMENT

fd = 207 Hz, respectively). The authors are grateful for the valuable comments and sug-

In Fig. 3, dashed curves and solid curves represent the FgRtions from Dr. R. A. Kennedy, Editor, and the reviewers.
performance versus the selection of the initial step size when

Doppler frequencies are 133 and 207 Hz, respectively. The two
unmarked curves are the PSP with fixed step size, and the two ) o ]

dot-marked curves are the results with proposed PSP. Itis showf!! gég;;fg”&yéfr’l&? Viterbi algorithm Proc. IEEE vol. 61, no. 3, pp.
that while the performance of the fixed step-size PSP highly[2] Rr. Raheli, A. Polydoros, and C. Tzou, “Per-survivor processing: A
depend on the selection of the step size, the proposed PSP is general approach to MLSE in uncertain environmentSEE Trans.

. . L . . Commun,.vol. 43, pp. 354-364, Feb./Mar./Apr. 1995.
insensitive to the initial selection of the step size. [3] J.B.EvansandB. Liu, “Variable step size methods for the LMS adaptive

algorithm,” inProc. IEEE Int. Symp. Circuits and Systemal. 2, May
1987, pp. 422—-425.
IV. CONCLUSIONS [4] M. E. Rollins and S. J. Simmons, “Simplified per-survivor Kalman
processing in fast frequency-selective fading channéBEEE Trans.
The use of the proposed adaptive PSP [5]is particularly useful ~ Commun,.vol. 45, pp. 544-553, May 1997.

for mobile phones and other transceivers located in cars that ar®! H. Sadjadpour, “Adaptive per-survivor processor,” U.S. Patent
6026121, Feb. 15, 2000.

mOVing_ re_lativew fastwith changing speed. In this e_r_1v_ir0nmen¥, [6] M. Chiu and C. Chao, “Analysis of LMS-adaptive MLSE equalization
the variations of the channel are so fast that by utilizing a vari- ~ on multipath fading channelsfEEE Trans. Commun.yol. 44, pp.
able step-size factor, the system becomes more adaptive and ttﬁ 1684-1692, Dec. 1996. . - .

. . . . . . 7] D. Borah and B. Hart, “Receiver structures for timing-varying fre-
channel estimation will provide a more accurate estimation of" " ;,ency-selective fading channeldEEE J. Select. Areas Commyn.
the data. Further, the use of a variable step size allows each path vol. 17, pp. 1863-1875, Nov. 1999.
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