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A Block Turbo Equalizer with Single-Parity Check
Turbo Product Codes
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~ Abstract—Combining a maximum a posteriori (MAP) equa- Simulations were carried out and revealed attractive results,
lizer and a D-dimensional Single-Parity Check Turbo Product as compared to those reported in [6]. Another feature of the
Code (SPC-TPC) in a novel way, a Block Turbo Equalizer jproposed scheme is the opportunity of using high-rate codes

structure is proposed here. The proposed scheme has a potentia der t t the obiecti f 1h . ing d d
for reduction in complexity, when compared to other block turbo In order o meet the objectives of the ever-increasing deman

equalizers. Simulations reveal attractive performance results.  for spectrally efficient communication systems.

Keywords— Block Turbo Equalizer, Single-Parity Check Turbo
Prodlml Code. a g Y Il. SPC-TPCCODES REVISITED

A Product Code is an array code in whiéh component
codes are serially concatenated. The resulfastimensional
|. INTRODUCTION code has as codeword length, information word length, code

Recently, the combination of equalization with channdft® and minimum Hamming distance the product of the
decoding techniques, in a cooperative and iterative fashi&;?rrespondlng codeword length, information word length, code

has been the subject of a lot of research, configuring what'@ie and minimum Hamming distances of the component
generally named Turbo Equalization [1]. Most of the resquSOdeS' ) )

reported so far in the literature consider turbo equalizer struc-lfth_e compo_nent COdE_}S are _smgle-parlty chec_k Cdd’?ﬁ_
tures using the BCJR algorithm (or some of its variants) in the 2): identical in each dimension, the resultdntimensional
equalizer block [2][3], and well known soft-input, soft-outpuls'”gle'Pa”ty Check Product Code (SPC-PC) has the following
(SISO) algorithms in the channel decoding block, such as {Rarameters:

Soft Output Viterbi Algorithm (SOVA) or variants of the BCJR )

algorithm, mainly for decoding convolutional codes [1][2][3] * length of the input block on the encoder:

or convolutional turbo codes [4][6]. In the equalizer block,

the use of algorithms with reduced complexity represents a K=(n-1)" 1)
challenging research effort in _itse_lf [3][5]. The use of block length of the output block on the encoder:

turbo codes in the turbo equalization process seems to be less

investigated [6][7]. In these references, the channel decoding V =nP o)
block uses the turbo decoding process described in [8] for

decoding a BCH-based parallel-concatenated scheme and w code rate:

D
BCH-based two-dimensional product code, respectively. In [6] R= <” - 1) ©)
and [7], one turbo decoding iteration is performed for each n
turbo equalizer iteration. « minimum Hamming distance:
In this paper, a block turbo code is used in the channel- IS
decoding block. However, instead of waiting for the end of Omin =2 (4)

a complete iteration of the turbo decoding process, only oggearly, the SPC-PC has the potential for higher error correc-
dimension of a D-dimensional SPC-TPC is decoded at eaghh capability than the SPC code alone.
iteration of the turbo equalization process, the complexity of \when SPC-PC codes are turbo-decoded, we call them
such scheme being reduced, if compared to the block turBpc.TPC (Single-Parity Check Turbo Product Codes). The
equalizers analyzed in [6] and [7]. Furthermore, the delay gfgorithm used here in the tubo decoding of the SPC-TPC code
this process can be reduced in comparison to the case in whighhe algorithm described in [9], and it is briefly described
there is a complete iteration in the turbo decoding process pRire. This is a low-complexity decoding algorithm in which
turbo equalizer iteration. Additionally, instead of using BCHine extrinsic informationis calculated for all symbols in the
based codes with Chase-based turbo decoding, an SPC-Tfeword, not only for the information symbols.
scheme is used, for which powerful codes can be constructedrhe turbo decoder can be intepreted as composed by one
and a very simple Log-MAP-based turbo-decoding algorith®so (Soft Input, Soft Output) decoder uséd times for
exists [9]. Therefore, further reduction in complexity can bgach turbo-decoding iteration, or can be viwed as a pipeline
achieved. representation [5] in which there afe modules used, jointly,
. o one time per turbo-decoding iteration. A SISO decoder or a
Dayan Adionel Guimdtes e Ande Fonseca dos Santos, Departamento dg .
Telecomunica@es, Instituto Nacional de Telecomunidag, Santa Rita do _ISQ deC(_)der module h_as two |_nputs and two outputs. The
Sapucég Brasil, E-mails: dayan@inatel.br, andref@inatel.br. first input is thechannel information L2 (y,,). The channel
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informationis a measure of the reliability of the output of theand from thea priori information LE9%(z™), the equalizer
matched filtery,,. The other input is the a priori information,block computes the a posteriori information of the interleaved
L(ay(x). Thea priori information of the dimensiond is the  symbols, LZ7“(z7), using the Log-MAP algorithm [2]. In
sum of theextrinsic informationfrom the other dimensions: the first Turbo Equalizer iteration, tha priori information

of the equalizer block is set to 0 (a priori probability equal

D 1 . : B .
. to £). Thea priori information L9 (2T) is subtracted from
— . 2 a n
Laga(@n) = Z;Le(” (&n) ®) the'a posteriori information#a*(z7) at the output of the
itd block equalizer, and only theombined channel and extrinsic

: . s .
Throughout this paper it is assumed BPSK (Binary Phagdgformation L™ (z7,) of the coded symbols are transmitted

Shift Keying) signalling. When the binary mappirg, 1} — to the decoder block, as in [3] and [6]. Tkembined channel
(1,1} is used, the single dimensi@xtrinsic informationof and extrinsic informatiorare de-interleaved and used as the

. : Dec
the n, bit in the SPC component code is given by [9]: channel Iog'-l|keI|h00d ratio (LLR)LC (x.n) for the turbo
decoder. Using thehannel informatiorprovided by the block

SN (_1\N Lo . equalizer and the priori information of the block decoder,
Leay(#n) = (=1)" - 2 - arctan(u) ©) the extrinsic informationof each SISO decoder is computed
where using (6). The sum of thextrinsic informationof all D
al LE(yi) + La(ay(z;) dimensions is used aa priori information of the block
v= Htanh 2 7) equalizer in the next turbo equalizer iteration, while the
n priori information of the decoder block is computed by (5). In
The a posteriori informationL.4(,,), at the output of the this way, for each turbo equalizer iteration, one turbo decoding
decoder of the dimensiod is: iteration is performed. When SPC-TPC codes composed by
more dimensions than two are used, the same algorithm is
La(@n) = LB(yn) + Luga) (n) + Lo (#,)  (8) used- Theextrinsic information of all dimensionsD are used

asa priori informatiorof the equalizer block.
At each iteration theextrinsic informationis improved,

giving a better estimation of tha priori information The r
hard decision on the bits is taken based on the polarity of the
a posteriori information of the turbo decoder:

A L ) 7 ) L(z,)
Equalizer [ IT Dec. Dec.

SISO 1 Le(l)()%n) SIS0 2
r

—

L)

- . T Lyy)(3,)
LDiaa = LE () + Zl Legt(iy(2) 9 n @

Fig. 2. Turbo Equalization using a 2D SPC-TPC code.
IIl. SPC-TPCCODES APLIED TO CONVENTIONALTURBO

EQUALIZATION AND TURBO DECODING

Before presenting the new turbo equalizer proposed hergy pescrIPTION OF THE PROPOSEBURBO EQUALIZER
the SPC-TPC code will be adapted to the conventional scheme

of turbo equalization and turbo decoding used in [4], [7] and The proposed turbo equalizer is depicted in Figure 3. The
[6]. The communication system is depicted in Figure 1. THIOCK equalizer is the same of the previous section. The
information bitsb, are encoded by a SPC-TPC encoder. THBCdIfication introduced here is the use of the decoding of
encoded symbols,, are interleaved and modulated by a BPSR Single dimension SPC-TPC code on each iteration of the
modulator, generating”™. The symbolsz™, are transmitted tUrbo equalizer. _
through a multipath channel with addition of AWGN noise, Let {1, 2,...,p, ..., P} be the set of Turbo Equalizer
w,. The received symbols from the corrupted channglare iterations and1, 2, ..., d, ..., D} be the set of dimensions

processed by a turbo equalizer and the information bits &the SPC-TPC. The relationship between the current turbo
estimated. equalizer iteration and the current dimension of the SPC-TPC

decoded by the decoder block is given by

x ” - h

Pl e [ ) H?VL’ cammer [ q=[(p—1),mod(d)] + 1 (10)
Since one turbo decoding iteration means decoding all

dimensions of the SPC-TPC, here one turbo decoding iteration

Fig. 1. The Novel Block Turbo Equalizer structure. is performed inD turbo equalizer iterations. The single

dimensionextrinsic information L.q)(z,), is computed by

Figure 2 shows an example of a turbo equalizer using decoding dimensioni of the SPC-TPC code in the turbo

SPC-TPC decoder of two dimensions (2D). It is composejualizer iteratiorp, using (6).

by a SISO equalizer and an SPC-TPC decoder (pipeline repTaking into account the lasD values of L. (x,) cal-

resentation). From the corrupted vector of received symbotsilated in the previous single dimension decoding steps, the

r=_[ry,re, ..., Tn,...,rn] WhereN is the codeword length, decoderextrinsic informationis computed as follows:

Wh

89



XXII SIMPOSIO BRASILEIRO DE TELECOMUNICA®ES - SBrT'05, 04-08 DE SETEMBRO DE 2005, CAMPINAS, SP

r 0% 2, 6) Each value of BER computed through the Monte Carlo
Rl ‘E)—> Decoder simulations was estimated using at least fifty information
LEa (er) dmensgod)| [ (%, ) bit errors. This number of errors was chosen to speed-up

the simulations and was enough for a low variance in
Laghx,) i1 L) o] the curve position, given the steep nature of the BER
iz

waterfall region.

i#d

= iL G Figure 4 shows simulation results for the Turbo Equalizer
|1 ERCA with SPC-TPC turbo decoding, as in section IV, with the
codesC}, Cy and C3 over the channehs. Figure 5 shows
Fig. 3. The Novel Block Turbo Equalizer structure. simulation results for the proposed turbo equalizer with the

codes(Cy, Cy and C3 over the channelsh; and hy. The
performances of’;, Cy and C3 on the AWGN channel are
also presented for comparisons. Comparing Figures 4 and 5,

[ Dec B D L (i3 1 it can be seen that the proposed scheme outperforms the turbo
e “(wn) = Z e(1)(@n) (1) equalizer with a complete turbo decoder iteration per turbo
2 equalizer iteration. As can be seen from Figure 5, around

-5
The extrinsic informationcomputed in (11) is used as an;he BER dOf 10 dthe garl)s frorr]n the A(;NGN pe(rjflormanfceh
estimate of thea priori information for the decoder block in or Cy and C3 codes are less t anlo..5 B regardiess of the
the next single dimension decoding. channel, (_am_d ar_ound 1.2 dB f6k. This is quite a good result,
At each turbo equalizer iteration, the estimate of the almost eliminating the ISI. It can also be seen that, vith

iori inf fi d by th lizer block i t &md Cs, the_ proposed scheme outperforms the equalization
ggc;gllgwosr.ma lon used by the equalizer block 1S comp eschemes with Block Turbo (BT), Convolutional Turbo (CT)

d and Convolutional Code (CC) reported in [6], at a BER of
LEw(g,) = ZLe(i)(;ﬁn) (12) 1075. However, withC; the results in [6] are superior. This
i—1 can be explained by the fact th@t is a very short code with
very small interleavers between each component code. In [6],
V. PERFORMANCERESULTS code interleavers on the order of 15,000 bits were used.

Simulation results are presented in this section according toTable | shows the approximate gain of the turbo e_quallzer
. . . o proposed here compared with the results presented in [6].
the following assumptions and configurations:

1) It is assumed that the channel is known, aiming at
investigating the proposed idea with no influence of
channel estimation imperfections. 1074

2) Since the BCJR equalizer is used, the performance of the ]
architecture proposed here must be viewed as a lower

bound on the performance that can be achieved with 10
other equalization algorithms.
3) Two channel impulse responses usually adopted in the § 10° 4
literature were considered here, having tap weights: 5
hy = [0.671 0.5 0.387 0.316 0.224] [6] and hy = I 10°
m

[0.407 0.815 0.407] [3].

4) For comparison purposes, the codes and channel in- ]
terleaver sizes were chosen, in order to approximately — 10°3
match the codeword lengths, code rates and channel ]
interleaver sizes considered in [6]. The codes are three- | , . , . . .
dimensional SPC-TPC’s with (6,5), (10,9) and (17,16) 0 2 4 6
SPC component codes, denoted®@y = (6,5)3, Cy = E}/No, dB
(10,9)% andC5 = (17,16)3, having code rates 0.5787,

0.729 and 0.834, respectively. We have usethndom Fig. 4. Performance results for the turbo equalizer using a turbo SPC-
channel interleavers, with = 128, with lengths 20.736 TPC decoderCy = (6,5)%, C2 = (10,9)%, C3 = (17,16)%, hy =
bits, 20.000 bits and 19.652 bits, whéh, C, andCy  (0-407 0-815 0407

are used, respectively.

5) Asin [6], the number of iterations used here was defined
as the number of iterations beyond which no significant
iteration gains were obtained.This number was fixed A novel block turbo equalizer scheme is proposed here. For
around fifteen. high-rate codes this scheme seems to be more attractive than

VI. CONCLUDING REMARKS
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Fig. 5. Performance results for the proposed schefhe= (6, 5)3, Cs
(10,9)3, C3 = (17,16)3, hy = [0.671 0.5 0.387 0.316 0.224], ho
[0.407 0.815 0.407].

TABEL |
APPROXIMATE GAIN OF THE TURBO EQUALIZER PROPOSED HERE
COMPARED WITH THE RESULTS PRESENTED I1f6].

Code used in [Yea02] approximate gain (dB)@0 >
Co Cs
convolutional turbo 0,2 0,3
BCH turbo 0,7 0,8
convolutional 1 0,8

those considered in [6]. Suggestions for further investigations
include, but are not limited to: 1) EXIT chart analysis, 2)
guantitative complexity analysis in order to permit the com-
plexity of the proposed scheme with those reported in [6],
3) performance analysis with sub-optimal equalizer blocks for
adaptive turbo equalization in time-varying ISI channels, 4)
performance analysis with non-gaussian noise, e. g. impulsive
noise and 5) investigation about the performance of a turbo
equalizer with convolutional turbo decoding, performing the
SISO decoding of a single component code for each turbo
equalizer iteration.
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