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NONREDUNDANT ERROR CORRECTION
RECEIVERS

e NEC is an attractive coding technique which
has no rate redundancy.

° Codjng at the receiver.

e Application to CCI channels.
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Nonredundant Error Correction Analysis and
Evaluation of Differentially Detected m/4—Shift
DQPSK Systems in a Combined CCI and
AWGN Environment

Dominic P.C. Wong and P. Takis Mathiopoulos, Member, IEEE
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Figure 3 Block diagram of the single error correction NEC receiver for a
x/4-shift DQPSK system. All inverters (INV) and sdders are of mod-8.

Table 3 Relationship between the syndromes Sy i, S35i—s and the &ror ¢5,i-3. ® € {1,3)
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Figure 4 Block diagram of the double error correction NEC receiver for
s x/4-shift DQPSK system. All inverters (INV) and adders are of mod-8.

Table 4 Duocﬁmpmunstuﬁcmsymboleg,i-,ofun'
second order NEC (see also Fig. 4). = € {1,3}, m € {0,1,3}.
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Figure 6 The general block diagram of the digital communication system under consideration.
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Figure 9 State-space diagram of a computer-simulated x/4—shift DQPSK system employing
tuised cosine filters with an excess bandwidth of 35% and which is operated in the presence of
CCl (C/1= 55 dB) and Ganssian noise (C/N=60 dB). The number of interferers is equal 10 4.
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THE “BEST” RECEIVER FOR THE FADING
CHANNEL

We were the first to theoretically derive the optimal noncoherent
receiver for the fading channel. Optimal refers to the receiver
which results in the “best” achievable performance.

Our derivation is very general and it includes:
e Any signals (PSK or QAM)

e No assumption about the fading (e.g., that it stays constant
over the symbol duration).

e Any fading model.
e No carrier recovery is required — no decoding delays.

e No redundancy (e.g., pilot tones in the time or frequency).
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COMMENTS

1. The proposed receivers are the equvilent of the “Viterbi
Decoders” for the AWGN channel.

2. Performance gains with minimal complexity.

3. Very generic structure and therefore could be used for both
current and future wireless personal communication sys-
tems.

4. Because of their digital structure, LSI/VLSI implementa-
tion is straight forward.
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Fig. 7 Convolutional encoder structures and signal assignments for the trellis coded
schemes under investigation.
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Block diagram of a one-bit differential detector.

. Eye-diagram of a conventional one-bit differential detector.



BT |6.5| 02| 0, | 0| 6, | 0 | 05| Abmin | 6027,
0.15 | 0.3 | 4.55 | 21.85 | 36.6 | 21.85 | 4.55 | 0.3 | — | 19.6
02 [ —| 17|26 454|206 |17 |—| 16 | 462
025 | — | 06| 182 [524| 182 | 0.6 | — | 29.6 | 67.2
0.3 0.2 | 159 |57.8| 159 | 02 [ — | 51.2 | 83.4
0.4 — | 125 |50 125 | — | — | s0.0 | 105.0
05 { —| — [ 103|694 1083 | — | —| 976 | 1182
1.0 — | 59 |782( 59 | — | —| 132.8 | 1446
o | —| = — [900] — | — | —] 180.0 | 1800
(MSK)

Bit Combinations | State Ab,
be-y by a4y (in degrees
-1 1 1 1 88.8
1 1 -1 2 52.4
-1 1 1 2 524
-1 1 -1 ‘3 16.0
1 -1 1 4 -18.0
1 -1 -1 5 -52.4
a4 a1 1 5 52.4
4 1 -1 6 -88.8

bs-2 and ba,3 are ignored.

Phase shifts (in degrees) corresponding to signal, 6,, and ISI
terms (0:, for 1 # 0) as a function of transmit Gaussian filler B,T for the
one-bit differential detector. Afmin and A0BY, are the minimum differential -
phase angles before and after applying decision feedback. :

Differential phase angles A8, of the one-bit detector correspond-
ing to various input data combinations (BT = 0.25). The contributions of
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Block diagram of the conventional two-bit differential detector.

, Eye-diagram of a conventional two-bit differential detector
(B.T = 0.25).



Eye-diagram of one-bit differential detector after applying
decision feedback.

. Eye-diagram of two-bit differential detector after applying
decision feedback.



@

1019931 J(Z+T Jo UreasvIp yooig

dd1 X X

Jddd

Jdd1 0




10° I ' | T T T

1C
IDF ===~

107!

BER

10~

1073

| | | | v |

6 8 10 12 14 - 16 18 20
Ey/No (dB) —

10-¢

BER performances of one-bit differential detectors (1C: conventional,
LDF: using decision feedback).




10°
! I | ] T T
2CG — —
2CBW —/m——
1+2DF ~°=-cc---
10™!
BER
10-32
10-3
10—¢
6

E./ N0 (dB) —

BER performances of conventional two-bit differential detector (2C), and
combined one and two-bit differential detectors with decision feedback (1-2DF).




S5 Shin 2 P- TM)Z‘M/ "/Oz%a,/g‘_@ defocle GMJC@
Dggts iv CCI lomels £ vuohle/alihow  FelGcrmn.
ryo , - Re Proceed'yo of Lo Wieten 641! , Mn, vt2

Aﬂaoc. Ieeé' TW k‘, TCOLAN)&:;:, ) P,-@?‘,??J, /4-‘7 /77?,

) : Gaussian s(t)
9 __|Differential | % | Gus: FM Modulator|__(
Encoder l;;’ Oe_)r h=0.5

Figure 1 Block diagram of the GMSK transmitter.
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Figore 8 BER performance of conventional 1.bit differentially detected GMSK scheme
operated in the presence of static and Rayleigh faded CCIwith N= 1 and N = 4.
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Bit Error Rate Probability

0
10

10

10

10

10

10

—
\“‘
AN ,.,. -
kﬂ :.' oy T8 (1Y o E >
.'o :‘J‘ “te, o \
: \ fpT=0.03
\ ‘1.,‘&4
£,T=0.003 ot =
_ T T T
1’Nt ................. "'4. 8
2bi—————— ) et
C X X X
DF 4 4 &
10 20 20 40 50 &0
Eb/No [dB]

Figure 11 BER performance of the conventional (C) and decision-feedback P
1- and 2-bit differential detection receivers in the presence of fading (C/I — oo )




Bit Error Rate Probability

0
10

10

10

10

10

prased v.:
D fpT=0.03
- A
AN ':‘ " 3 -—_...___pr=0.003
N, o, 1'0. **{ag|, -
a0 " ! =) |
2o Tt L.: 8 . g 1\
s T f,T=0.03
1 2y we
fp0.003
ebit- e eeeeeereeees -
2-bit
C X x X
DF a A A
0 10 o m 1 J
Eb/No [dB]

Figure 12 BER petformance of the conventional (C) and decision-feedback (DF) 1- and
2.bit differential detection receivers in the presence of faded CCI (CI = 20 dB).



Bit Error Rate Probability

0
10
o' L 1oE003 ||
13\
NE *: D -
N . ™ — | ap e} g 'j"' -y e
. 10.2 .‘];. s.-F‘h -L'—-!P-L L Ll quL—J
\\ '-} i AY
NS TR
N W[ .-.%/
o £,T=0.003 T ? AL |
1 2 v 1 ‘ ‘l
1_“ .................
2-bit—
C X. X X
DF & A& a
4
10
0 10 20 30 40 80 &0
Eb/No [dB]
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dm(kT) = r(kT)r(kT - mT)coc( 3 ciViv;) + nm(kT)

h(r - jT)dr . 3 ﬂ»ut v T

=V' A 2"”"/51- mT

ym_[1 fork>0adk<m
: 0 otherwise.

dm(kT) = r(kT)r(kT - mT) cos(AUP — 8,) + na(kT)

AT = 5 b-;U = D\'#mﬁQC Phase

= J=~—00

£=D_ln'.z.£l9i i & COMU‘O‘ Eucoded
Phate

For the 1-bit differential detector (m = 1)

AUEI - 2D 2 ngi-J

om jz-|

For the 2-bit differential detector (m = 2)

x L
AU} = Ba-n-19+ X ba_j(95+ 9j-1) + a_ee-4] .

For the general case wherem > 3andn+1+12m

E b.-;o: Rei) + 5 2 bA-J(Z 9j-~i)

AUP = —
s w.. Pt zD.. ,,,.._

-+-+c

2D,. Z ba-4( Z' In-i)

J=n
Form>n+1l+1

a-1

AUl = ;= 3 bs-;(Z 9-1i) + 3 Z ba-j
2Dn J=-1

-+lu+l

—-""b (S gamd)
+ _ -i) .
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