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Background

O  The ‘turbo equalization’ approach has shown strong capability in mitigating ISI
incurred by frequency selective channels.

O  For optimal detection, complexity exponential with channel memory length

O  Most low complexity algorithms incur performance loss.
DFE, MMSE, DDFSE, etc.
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Turbo Codes and Iterative Decoding

dg Xk

Log-MAP algorithm: m
iy c
{H MMM b

L(u(n)| y) = In(2AD =+119),

——w
P(u(n)=-1]y) = T
—— . £k
=In( > exp{4, (S)+T,(S.S)+B,(S)}) i

(S".8)=x(n)=+1 i

N A .Y .Y ) p.r Y

(Y expld, (S)+T,(SL)+B,(S)) ol

(8".8)=x(n)=-1 :

A turbo encoder

where 4, (S)=1In(Y expid, (S)+T,(5,5)}) e A
B, ($")=In(} exp{B,(S)+T,(S",5)}) ) DEC, J—Imn:'.mt‘_‘— pec, [~ 9o
allS 1 Y1k
L(88) = =5 D20 m =, ()5, () + In(P () - {
T

=4,,(S) and B (S), n=12,---,N, are two Markov chains. PT

2009-08-10 2009 summer school of IT A turbo decoder 4



Existing 1teration stopping techniques

O Frame-based stopping rules:
Cross-entropy  J. Hagenauer, et. al., 1996
Risk function  G. Bauch, et. al., 1997
Hard decision aided  S. Linet. al., 2004

O Bit-level stopping rules
Early detection and trellis splicing  Frey & Keshischang, 1998
Bit hard decision changeability Haase & Rohling, 2002
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Revisiting the Markov property in Log-MAP decoding:

O  If the soft state values of the boundary bits are converged & known:

Given the same a priori LLRs of all bits, decoding within the windowed piece performs
the same as within the whole block for windowed bits.

O  Decoding convergence criteria
cross-entropy

LLR magnitudes

O  Adjustment to the Log-MAP algorithm for a single decoder:
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Partial iterative MAP decoding for turbo codes
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Complexity by a partial iteration: a loose upper bound
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Simulation I — PCCC: 2 fixed initial complete iterations + partial iterations.
AWGN channel, punctured rate 72 (7, 5) RSC encoders, interleaver size 1024.
Primary window size 15, secondary window size 3.

10° —

Define C as an unit in

complexity that is equivalent to
the complexity by a single A
complete iteration.

—+— Complete-F, 12 iters H
—+4A— Complete-V ]
—| —— Partial-l, winsizes-3-0 |
—+H— Partial-l, winsizes-9-0
—&— Partial-l, winsizes-15-3 ]

******************************

e
Performance and Complesxity
By the partial turbo deCOding 10-35555555591555EEEEE:EEEEEEEEE:EEEEEEEE,:::, 7:::2
Algorithm, e
SNR (dB) 1.0 1.5 2.0 2.5 3.0
Complexity (in C) | 4.67 3.50 3.00 2.57 2.16
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Turbo Equalization: Convolutional coded

0  Extend the ‘turbo principle’ to combine equalization and decoding.
-- First introduced by Douilard et. Al., 1995.

O  Similar to a serially concatenated turbo code, consider ISI channel as a rate 1 convolutional
code, the turbo equalizer combines equalizer and decoder with iterative processing.
(Outer)
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O  The convolutional coding/decoding can be replaced with turbo coding/decoding for better

erformance.
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Turbo Equalization: Turbo Coded
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ISI channel and MAP equalization algorithm

O  System model: discrete time convolution of transmitted symbols and the ISI
channel coefficients

y(n) = Z h()x(n—1)+w(n)

O  Forward and backward trellis metrics in MAP algorithm (for BPSK modulation):

4,(8)=In() exp{4, (S +T,(S".5)})

allS'

B, (8" =In(} exp{B,(S)+T,(S',9)})

allS

(5.5) =

(y(n)— Zh(z) x(n—1))" + L% ()

The Markov property of 4, ,(S),B (S) can similarly be utilized.
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Extension: Partial iterative equalization and channel decoding

Windowing processes: Equalizer bit sequence
eeoondary window primary window
1. Turbo equalization with |
convolutional decoding
channel interleaver de-inteyleaver /
2. Turbo equalization with
turbo decoding | I Nl Hl

rimary window q o
Dienodder rnulupple:ced bit soquence gencnd ATy window
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Fig. 1. Bit sequences and windows deployments for rocivers with 4 singk Fig. 20 Bit sequences and windows deployments for receivers with mwo
decoder and an equalzier component decoders and an equalzier.
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Partial iterative equalization and decoding performance - I
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- S Sr —<— 1 complete iterations
—%— 2 complete iterations
QR N [ —H— 3 complete iterations

I N

= Transmitter: (37, 21) convolutional code;

Data frame length: 1024; A TR 1| L s comeprts ratons |
ISI channel: [0.67, 0.5, 0.39, 0.32, 0.22]. R T |

——————————— B -~~~ | —©— final partial iteration

L R e
= The receiver applies iterative log-MAP * e S S
equalization and convolutional decoding. 10 :

The performance gap between block TR EEEE EECEES EEEREEELEE W ItEs
stopped iterations and a sufficient number of ffffff R SRR T
complete iterations is insignificant. 0 2 ; s ; 55 5

Ny
= Applying partial iterations: E\N.dB) | 45 5 5.5 6
The performance is similar to block Partial | 4.20Cg, | 3.66Ck, | 3.20Ck, | 3.03Ck,

iterations | 4.53C5, | 3.97C%. | 347C%, | 3.11C%,
Block Stop | 3.93Ck, | 3.32Ck, | 3.05Ck, | 3.00CEk,
iterations | 3.93C5, | 3.320%. | 3.050%, | 3.000%,

stopped iterations using cross-entropy.
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Partial iterative equalization and decoding performance - 11

—<— 4 complete iterations
—%— 6 complete iterations
—+H— 8 complete iterations
—#— 12 complete iterations

=3=] —4— block stopped iterations &

= Transmitter: (7, 5) turbo code; data frame
length: 1024; ISI channel: [0.67, 0.5, 0.39,
0.32, 0.22]. 0

= The receiver applies the serial mode for
turbo decoding:
The performance gap between block

FER

.

stopped iterations and a sufficient number e EEE e SEEEEEEE

of complete iterations is more noticeable at
higher SNRS. 10 3 3.‘2 3i4 3.6 3.8Eb/NO4in dB412 414 416 418 53)
: 1 : EN,dB) | 35 4 45 5
= Applying partial iterations: bl
The ontimal verf ‘< bett Partial | 7.26Cg, | 5.12Cg, | 4.12Cg, | 346Ck,
- 6- Opumal periormance 1s betier terations | 7.37CY | 5.2200%, | 4.100%_ | 3.58C7%,
maintained. Block Stop | 7.10CE, | 4.97Cg, | 4.01Cg, | 3.31Ck,
iterations | 7.10C%5 | 4.97C, | 4.01C%_ | 3.31C7%,
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Partial iterative equalization and decoding performance - 111

Nee———— e e —
- | —<— Complete-F 4 iters [
—*%— Complete-F 6 iters []
—P>— Complete-F 8 iters
—4A— Complete-F 10 iters
—+— Complete-F 12 iters A
—4A— Complete-V H
—O— Partial-ll

= Transmitter: (7, 5) turbo code; data frame
length: 1024; ISI channel: [0.407, 0.815,
0.407].

10"

. . & 107
= The receiver applies the parallel mode for = A
turbo decoding: [N . S :
The performance gap between block " pEIzzzzzzzzzizzicc: CEEECLEEEEE CEEEEEE
stopped iterations and a sufficient number e e e~
of complete iterations become significant. ' X 7 a5
Eb/NO in dB
Complexity for equalization, in Cg, Complexity for decoding, In Cpe
SNRdE) 3.5 375 40 | 425 | 45 SNEBE) K 375 40 | 425 45
Complate-F 12 12 12 12 12 Complzie-F 12 12 12 12 12
Completa-V 6.50 | B.T8 | B.24 | 4.78 | 4.38 Complata-V 6.50 | BB | B.24 | 4.78 | 4.38
Partial-II, winsizes-15-0 | 7.01 | 6.24 | 563 [ 5.15 [ 4.74 Partial-II, winsizes-15-3 | 7.10 | 632 | 571 | 5.22 | 4.82
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Future work

O Extension to time selective channels.
O Partial iterative MIMO ISI channel equalization and decoding.

O Delayed decision feedback sequence estimation (DDFSE)
based on bit/symbol convergence. Equalization complexity
reduction with less error propagation.
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