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DEMODULATION APPARATUS AND METHOD IN A
COMMUNICATION SYSTEM EMPLOYING 16-ARY QAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a demodulation apparatus and
method in a communication system employing multi-level modulation, and 1n
particular, to an apparatus and method for calculating input soft values ot a
channel decoder in a demodulator for a communication system employing 16-ary

QAM (Quadrature Amplitude Modulation).

2. Description of the Related Art

In a data communication system, when a signal encoded by a channel
encoder is modulated using 16-ary QAM, a typical multi-level modulation used to
increase spectral efficiency, a demodulator in a receiver requires a mapping
algorithm for generating soft values (or soft decision values) corresponding to
output bits of the channel encoder from a 2-dimensional signal comprised of an
in-phase signal component and a quadrature-phase signal component, in order for
a channel decoder in the receiver to decode the modulated signal through soft
decision decoding.

The mapping algorithm is classified into a simple metric procedure
proposed by Nokia and a dual minimum metric procedure proposed by Motorola,

and both algorithms calculate LLR (Log Likelihood Ratio) for the output bits and
use the calculated LLR as an input soft value of the channel decoder.

The simple metric procedure, a mapping algorithm given by modifying a
complex LLR calculation formula into a simple approximate formula, has a
simple LLR calculation formula, but LLR distortion caused by the use of the
approximate formula leads to performance degradation. The dual minimum
metric procedure, a mapping algorithm of calculating LLR with a more accurate
approximate formula and using the calculated LLR as an input soft value of the
channel decoder, can make up for performance degradation of the simple metric
procedure to some extent. However, compared with the simple metric procedure,
this procedure needs increased calculations, thus causing a considerable increase
" in hardware complexity.
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SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an apparatus
and method for simplifying obtaining of input soft values of a channel decoder,
calculated by the dual minimum metric procedure, without a mapping table or
complex processing needed to obtain a minimum distance value with a received
signal in a demodulator for a communication system employing 16-ary QAM.

To achieve the above and other objects, there is provided a method for
demodulating a received signal in a data communication system employing a
modulation technique for dividing an output sequence of a channel encoder into 4
bits and mapping the bits to a specific one of 16 signal points having an in-phase
component X, and a quadrature-phase component Y. The method comprises
deciding a soft value Z, of a third demodulated symbol by subtracting a distance
2a between two demodulated symbols on the same axis of a mapping table from a

level lYk| of the quadrature-phase component Y,; setting a first variable o to 0™
if the soft value Z, has a negative value, setting the first variable a to -1 if - the
Z, has a positive value and the quadrature-phase component Yy has a negative
value, and setting the first variable o to “1” if the Z; has a positive value and the
quadrature-phase component Y, has a positive value; determining a soft value of

a fourth demodulated symbol by calculating Y, +o*Z, using the quadrature-phase

component Y,, the soft value Z, and the first variable o; calculating a soft value
7’ of a first demodulated symbol by subtracting the distance 2a between two

demodulated symbols on the same axis of a mapping table from a level | X, | of
the in-phase component X,; setting a second variable p to “0” if the soft value Z°

has a negative value, setting the second variable B to “-1” if the Z’, has a positive
value and the in-phase component X, has a negative value, and setting the second

variable B to “1” if the Z’, has a positive value and the in-phase component X,
has a positive value; and determining a soft value of a second demodulated

symbol by calculating X,+p*Z’, using the in-phase component X, the soft value
7’ and the second variable J3.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present
invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:
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FIG. 1 illustrates a signal constellation diagram for 16-ary QAM;

FIG. 2 illustrates a procedure for deciding soft values of 4 demodulated
symbols input to a channel decoder in a data communication system employing
16-ary QAM according to an embodiment of the present invention;

FIG. 3 illustrates a function block of performing the procedure for
deciding soft values of demodulated symbols according to an embodiment of the
present invention; and

FIG. 4 illustrates a symbol demodulator for deciding input soft values of
the channel decoder in a data communication system employing 16-ary QAM
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description,
well-known functions or constructions are not described in detail since they
would obscure the invention in unnecessary detail.

The present invention provides a method for obtaining an input soft value
of a channel decoder, calculated by the dual minimum metric procedure, without
a mapping table or complex calculations in a demodulator for a data
communication system employing 16-ary QAM.

An algorithm for generating multi-dimensional soft values from a 2-
dimentional received signal will be described herein below. An output sequence
of a binary channel encoder is divided into m bits, and mapped to corresponding
signal points among M (=2") signal points according to a Gray coding rule. This
can be represented by

Equation (1)
f
S k,m—lS k-2 ol k,0 —>1 k aQ k

In Equation (1), s; (i=0,1,~-,m-1) indicates an i® bit in the output
sequence of the binary channel encoder, mapped to a k™ symbol, and I, and Qy
indicate an in-phase signal component and a quadrature-phase signal component
of the k™ symbol, respectively. For 16-ary QAM, m=4 and a corresponding signal
constellation is illustrated in FIG. 1. As illustrated, the signal constellation is
comprised of 16 signal points, and each quadrant 1s comprised of 4 signal points.
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Each signal point is expressed with 4 symbols. For example, in FI1G. 1, a first
quadrant is divided into 4 regions; a right top region is mapped to a symbol
stream “0000”, a right bottom region is mapped to a symbol stream “01007, a left
top region is mapped to “0001”, and a left bottom region is mapped to a symbol
stream “01017.

A complex output of a symbol demodulator in the receiver, comprised of
I component and Qx component, is defined as

Equation (2)
R, =X, + jY, = g (I, + jO) + (O + /ni)

In Equation (2), Xk and Yk indicate an in-phase signal component and a
quadrature-phase signal component of the output of the symbol demodulator,
respectively. Further, gx is a complex coefficient indicating gains of the

. . . : . I 0
transmitter, transmission media and the receiver. In addition, Mz and Mz are

Gaussian noises with an average 0 and a divergence © . , and they are statistically

independent of each other.

The LLR related to the sequence sx; (1i=0,1,..-,m-1) can be calculated by
Equation (3), and the calculated LLR can be used as a soft value input to the
channel decoder.

Equation (3)

Pr{S,, =0|X,.1, i=0,1,...,m-1
A(Sk,.)=K10g-—{;—k' ‘ e dic S
B PriSy; =1|Xk9Yk}

2

In Equation (3), /ASki) is the soft value, X is a constant, and Pr{4|B}

indicates a conditional probability defined as a probability that an event A will
occur when an event B occurs. However, since Equation (3) is non-linear and
accompanies relatively many calculations, an algorithm capable of approximating
Equation (3) is required for actual realization. In the case of a Gaussian noise
channel with g=1 in Equation (2), Equation (3) can be approximated by the dual
minimum metric procedure as follows.

Equation (4)
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o [mm‘ R -z, (Sk,,- ~1) - min}Rk —2,(s,, =0) 2]

In Equation (4), K'=(1/c2)K , and z(s,=0) and z(s,;=1) indicate actual
values of I, +jQ for s,;=0 and s, =1, respectively. In order to calculate Equation
(4), it is necessary to determine z(s,;=0) and z(s,;=1) by minimizing

IRk ~ 2, (8 = O)l2 and ‘Rk — 2z, (8, = : , fora 2-dimensional received signal R,.

Equation (4) approximated by the dual minimum metric procedure can be
rewritten as

Equation (5)
A(s,;)=K '[min IRk ~Z, (8, = 1)|2 — min Ich —Z,(8;,; = 0)\2}

= K'(2n, ; - 1)[|Rk — 2, (8 = nk,f)r — min |Rk =2, (g, = ;k’i)lz]

In Equation (5), n,;indicates an i" bit value of a demapping sequence for

a signal point nearest to Ry, and :,; indicates a negation for #»,,. The nearest

signal point is determined by ranges of an in-phase signal component value and a
quadrature-phase signal component value of Ry. A first term in the brackets of

Equation (5) can be written as

Equation (6)
R~z (ss =m)| =X, =U) +(E =7y

In Equation (6), U, and V| denote an in-phase signal component and a

quadrature-phase signal component of a signal point mapped by {0k m-1> "> Dycs s
Iy 15 nk,o } . I'eSpeCtiVely.
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Further, a second term in the brackets of Equation (5) can be written as

Equation (7)
, -
min(R, - z,(sy,; =1k)| = (X, ~U,, ) + (¥ =V,

In Equation (7), U,; and V,; denote an in-phase signal component and a
quadrature-phase signal component of a signal point mapped by a demapping

sequence  {my ., -, My (=mwi), -, My, Mol of z, minimizing

2

R, —z,(8;; = ni;)l , respectively. Equation (5) is rewritten as Equation (8) by Equation

(6) and Equation (7).

Equation (8)
A(se) = K '@n, =D {(X, U + %=V} ~{(X ~U, Y + =V, )} |
= K'Qny; D[ U, +Up; ~2X,) Uy = Up) + Vi Vi =250V = V) |

A process of calculating input soft values to the channel decoder by a
demodulator in a data communication system employing 16-ary QAM will be
described herein below. First, Table (1) and Table (2) are used to calculate {ny,
o, Ny, Doy, Ug and Vi from two signal components X, and Y of a 16-ary
QAM-modulated received signal R,. Table 1 illustrates (ny 3, n.,) and Vi for the
case where a quadrature-phase signal component Y, of the received signal Ry
appears in each of 4 regions parallel to a horizontal axis in FIG. 1. For the sake of
convenience, 3 boundary values, i.e., result values at Y,=-2a, Y,=0 and Y,=2a are
omitted from Table 1. Table 2 illustrates (n,;, n,o) and U, for the case where an
in-phase signal component X, of the received signal R, appears in each of 4
regions parallel to a vertical axis in FIG. 1. For the sake of convenience, 3
boundary values, i.e., result values at X,=-2a, X;=0 and X,=2a are omitted from

Table 2.

Table 1
~ Conditionof Y, | (N 3, N ») Vg
Y. >2a 1T (0,00 ~ 3a |
r 0<Y.<2a | (O | a |
T 2a<Y,. <0 | (1D - -a
Y, <-2a “l““"'"‘('f;O)' i -3a
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Table 2

B Con(-i_i-ﬁ?)n of Xk (hk,lb nk,o) I Uk
|“ X, > 2a B (0,0) 3a

0<X.<2a | (0,1 a |
2a<X. <0 (1,1 | - a

| X, <-2a (1,0) -3a

Table 3 illustrates a sequence {mys, My, My, My} MINIMIZING

Rk —Zk (Sk,l —_ ;k,f)

{nk,sa Ny o, 1 g,

2, calculated for i (where 1€ {0, 1, 2, 3}), in terms of a function

n,o}, and also shows in-phase and quadrature-phase signal

components Uy ; and V, ; of the corresponding z,.

Table 3
B 1 lm___{mk,;m_lciza My 1, Mo} —_V.lf:i_ 1 Uy
3 {;i.k,?, ] 1, Iy 1, nk,o} Vk,3 _Uk I
I 2 --{ Iy 3, gk; Iy g, My} Vk,2— Uy
1 T {13, Dk, %k,l ) ﬁ— Vi hl_ Ug 1 |
| 0 o {nkﬁn 1}}% Ny 1, %k,ow} _l—— Vi_ o l _Uk,O .I

Table 4 and Table 5 illustrate V,; and Uy; corresponding to (my 3, my,)
and (my ;, my ) calculated m Table 3, for all combinations of (ny;, ny,) and (ny;,

Ny 0)-

Table 4

l_ u(nk,B: Ny ,) - o V1—<,3 —_ - _Yk,z _j
(0,0) -a | a

o | - | 3 :J
(1,1) a -3a

- (1,00 a - a

Table 5

~ Gon [ Ua [ Uy
0) | e [

l: (0,1) T a ] 3a |

- (191) J_— o a___ - -3a
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Table 6 and Table 7 illustrate results given by down-scaling, in a ratio of

K’x4a, input soft values of the channel decoder obtained by substituting V, ; and
Uy; of Table 4 and Table 5 into Equation (8). That is, when a received signal Ry 1s
applied, LLR satisfying a corresponding condition can be output as an input soit
value by Table 6 and Table 7. If the channel decoder used in the system is not a
max-logMAP (logarithmic maximum a posteriori) decoder, a process of up-
scaling the LLR of Table 6 and Table 7 in a reverse ratio of the down-scale ratio
must be added.

Table 6

| Condition of Y, __A(sk,;;) N A(Sk,;r

Y >2a - 2Y,2a 1 Y.-2a |

- 0<Y, <2a Y, ] Y.-2a |

22 <Y,<0 Y, T X2

- % 1-(-<—_2 a - 2Y, +2a {—' -Yk-25,“

Table 7

[ Condition of X, | AGw) | AGw) |
X, >2a | 2X,-2a | X, 2a ___:
0<X,<2a ) & X, ~2a

- 2a<X<0 X, | -X,-2a
k’ X, <-2a ——| 2X.+2a | -X,-2a

However, when outputting an input soft value of the channel decoder
using the mapping table of Table 6 or Table 7, the demodulator should
disadvantageously perform an operation of deciding a condition of the received
signal and require a memory for storing the output contents according to the
corresponding condition. Such disadvantages can be overcome by calculating the
input soft values to the channel decoder using a formula having a simple
condition decision operation instead of the mapping table.

To this end, the condition decision formulas shown in Table 6 and Table 7
can be expressed as shown in Table 8 and Table 9. In Table 8, Zk=| Ykl -2a, and 1n

Table 9, Z’k=|Xk|-2a. In Table 8 and Table 9, even the soft values at the 3
boundary values, which were omitted from Table 6 and Table 8 for convenience,
are taken into consideration.



CA 02425499 2003-04-07

WO 03/017610 PCT/KRO02/01545
.0
Table 8
| Condition of Y, i Condition of Z,; A(Sk3) | A(S2)
i _Y ¥ | 250 |' Y, +(Y,~2a) ___Yk-za ———l
| k= 7.<0 Y, i Y.-2a
- B >0 Y. -(-Y,-2a) Y.-2a
Y, <0 I____Zk_o - (- Yy a)___ 44
| _ %<0 | Y Y22
Table 9
' Condition of X, Condition of Z°, | - A(Sy 1) A(Sk 0) |
oo | 70 | %G | Xe2a
| = 2 <0 | X | Xe2a
: — — > > () R X, - _X_:Za . -2a
X, <0 - Z,k . _k..( X .._2._.. il
y 4 Ic < O Xk "Xk"za

In hardware realization, Table 8 and Table 9 can be simplified into Table
10 and Table 11 on condition that a sign of X, Y., Z;, Z'yx can be expressed by
sign bits. In Table 10 and Table 11, MSB(x) denotes a most significant bit (MSB)

of a given value x.

Table 10

[ MSB(YY | MSBZ) | A6y | AGw)
o 0 | Ytz 7 |
0 - —

l _] _,Yk | é‘_
S, L0 YA | 4L
| 1 Yy Ly |
Table 11
T MSB(Xy) | MSBZ) \ A(syy) AGy) |
0 0 X2\ | Ly
' I . S S
o 0 Xl | T
- 1 | Xy L’y

From Table 10, soft values A(sy ;) and A(sy,) at i=3 and i=2 are expressed

dsS
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Equation (9)
0 if MSB(Z,)=1

A(s ) =Y, +a-Z,, wherea=1-1 if MSB(Z,)=0 and MSB(Y;)=1
1 if MSB(Z,)=0 and MSB(Y,)=0

A(Sk,z) =24

From Table 11, soft values A(s, ;) and A(s ) at i=1 and i=0 are expressed
as

Equation (10)
0 if MSB(Z',)=1

A(sy ) =X, +B-Z',, where f=1-1 if MSB(Z',)=0 and MSB(X,)=1 .
1 if MSB(Z',)=0 and MSB(X,)=0

A(Sk,O) =4

That is, in the data communication system employing 16-ary QAM, it is
possible to actually calculate 4 soft values, which are outputs of the demodulator
for one received signal or inputs of the channel decoder, using the dual minimum
metric procedure of Equation (4), through the simple conditional formulas of
Equation (9) and Equation (10). This process is illustrated in FIG. 2.

FIG. 2 illustrates a procedure for deciding soft values of 4 demodulated
symbols input to a channel decoder in a data communication system employing
16-ary QAM according to an embodiment of the present imvention. In FIG. 2, a
process of deciding a soft value by the dual minimum metric procedure can be

divided into a first step of deciding o by analyzing a quadrature-phase signal and
a value “a”, and deciding f by analyzing an in-phase signal and the value “a”, and

a second step of outputting a soft value determined by the o and 3 values decided
in the first step. An operation described below can be pertormed, for example, by
a symbol demodulator of the receiver.

Referring to FIG. 2, in step 201, the symbol demodulator calculates

Zk=l Y, |-2a using a 2-dimensional received signal R, comprised of an in-phase
component X, and a quadrature-phase component Yy, and a distance 2a.between
two demodulated symbols on the same axis of the mapping table. Here, Z,, Y, Xy
and “a” are real numbers. The symbol demodulator determines in step 203
whether a result value calculated by the above formula has a positive value. For
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example, Z,, Y, X, and “a” are expressed with a digital value including a sign bit.
Therefore, in step 203, the symbol demodulator determines whether MSB (or sign

bit) of the result value is “0.” If the MSB is “0”, i.e., the result value has a
positive value, the symbol demodulator proceeds to step 205. Otherwise, the

symbol demodulator proceeds to step 209, where it sets a variable o to “0.” In
step 205, the symbol demodulator determines whether the quadrature-phase
component Y, has a positive value, i.e., determines whether MSB of the Yy is “0.”

If the Y, has a positive value, the symbol demodulator sets the variable o to “1”

in step 208. Otherwise, the symbol demodulator sets the variable o to “-1” 1n step
207. Thereafter, in step 210, the symbol demodulator decides a fourth
demodulated symbol s, ; among the demodulated symbols corresponding to the
received signal R, using Y, +ta*Z,, and decides a third symbol s, using 7,
thereby deciding an input soft value to the channel decoder.

Hitherto, the procedure for deciding soft values for the fourth and third
demodulated symbols using the quadrature-phase component has been described.
Next, a procedure for deciding soft values for second and first demodulated
symbols using the in-phase component will be described in detail herein below.

In step 211, the symbol demodulator calculates Z’k=| X, |-2a using a 2-
dimensional received signal R, comprised of an in-phase component X, and a
quadrature-phase component Y,, and a distance 2a between two demodulated
symbols on the same axis of the mapping table. The symbol demodulator
determines in step 213 whether a result value calculated by the above formula has
a positive value, i.e., determines whether MSB (or sign bit) of the result value is
“0.” If the result value has a positive value, the symbol demodulator proceeds to
step 215. Otherwise, the symbol demodulator proceeds to step 219, where it sets a

variable B to “0.” In step 215, the symbol demodulator determines whether the 1n-
phase component X, has a positive value, i.e., determines whether MSB of the X,

is “0.” If the X, has a positive value, the symbol demodulator sets the variable {3

to “1” in step 218. Otherwise, the symbol demodulator sets the variable § to “-1”
in step 217. Thereafter, in step 220, the symbol demodulator decides a second
demodulated symbol s, ; among the demodulated symbols corresponding to the
received signal Ry, using X, +B*Z’,, and decides a first symbol s, using Z°,
thereby deciding an input soft value of the channel decoder. The procedure for
deciding the fourth and third demodulated symbols and the procedure for

deciding the second and first demodulated symbols can be performed either
sequentially or simultaneously. The decided soft values of the demodulated
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symbols are provided to the channel decoder.

FIG. 3 illustrates a function block of performing the procedure for
deciding soft values of demodulated symbols according to an embodiment of the
present invention. Referring to FIG. 3, a quadrature-phase signal analyzer 301

calculates a variable o using a quadrature-phase component Y, of a received
signal R, and a distance 2a between two demodulated symbols on the same axis

of the mapping table, according to a given rule. As stated above, the variable a 1s

calculated based on a sign of Z, (=]Y,|-2a) and a sign of the quadrature-phase
component Y. A first soft value output unit 302 performs Equation (9) using the

variable oo from the quadrature-phase signal analyzer 301, the quadrature-phase
component Y, and the distance 2a, and outputs soft values of the fourth and third
demodulated symbols.

An in-phase signal analyzer 303 calculates a variable p using an in-phase
component X, of a received signal R, and a distance 2a between two demodulated
symbols on the same axis of the mapping table, according to a given rule. As

stated above, the variable B is calculated based on a sign of Z°, (= | X, |-2a) and a
sign of the in-phase component Xy. A second soft value output unit 304 performs
Equation (10) using the variable  from the in-phase signal analyzer 303, the in-
phase component X, and the distance 2a, and outputs soft values of the second
and first demodulated symbols.

FIG. 4 illustrates a symbol demodulator for deciding input soft values of
the channel decoder in a data communication system employing 16-ary QAM
according to an embodiment of the present invention, wherein the symbol
demodulator is realized by hardware based on Equation (9) and Equation (10). In
the following description, the received signal Ry, the in-phase component Xy, the

quadrature-phase component Y, the variable Z,, the variable Z°,, the variable o,
the variable B, and “a” are real numbers having a digital value including a sign bit.

Referring to FIG. 4, a first calculator 401 calculates Z.=Y,|-2a using a
quadrature-phase component Y, of a received signal Ry and a distance 2a between
two demodulated symbols on the same axis of the mapping table, and outputs the
value Z,. A multiplier 402 multiplies the Z, from the first calculator 401 by *-1”
thus to invert a sign of the Z,. A first MSB extractor 403 extracts MSB of the
quadrature-phase component Y, and provides it to a first selector 405, and a
second MSB extractor 404 extracts MSB of the Z, from the first calculator 401
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and provides it to a second selector 406. The first selector 405 receives the Z,
from the first calculator 401 and the “-Z,” from the first multiplier 402, and
selects one of the two input values according to a select signal from the first MSB
extractor 403. The second selector 406 receives an output the first selector 405
and “0,” and selects one of the two input values according to a select signal from
the second MSB extractor 404. A first adder 407 adds an output of the second
selector 406 and the quadrature-phase component Y,, and outputs a soft value of
the fourth demodulated symbol. Further, the Z, value calculated by the first
calculator 401 is decided as a soft value of the third demodulated symbol.

A second calculator 411 calculates Z’k=| Xkl -2a using an in-phase
component X, of the received signal R, and the distance 2a between two
demodulated symbols on the same axis of the mapping table, and outputs the
value Z’,.. A multiplier 412 multiplies the Z’, from the second calculator 411 by “-
1” thus to invert a sign of the Z’,.. A third MSB extractor 413 extracts MSB of the
in-phase component X, and provides it to a third selector 415, and a fourth MSB
extractor 414 extracts MSB of the Z’, from the second calculator 411 and
provides it to a fourth selector 416. The third selector 415 receives the Z°, from
the second calculator 411 and the “-Z’,° from the second multiplier 412, and
selects one of the two input values according to a select signal from the third
MSB extractor 413. The fourth selector 416 receives an output the third selector
415 and “0,” and selects one of the two input values according to a select signal
 from the fourth MSB extractor 414. A second adder 417 adds an output of the
fourth selector 416 and the in-phase component X,, and outputs a soit value of the
second demodulated symbol. Further, the Z’, value calculated by the second
calculator 411 is decided as a soft value of the first demodulated symbol.

Now, a comparison will be made between the conventional soft value
decision and the novel soft value decision in terms of performance.

In the case where a soft value calculator using the dual minimum metric
procedure is realized by Equation (4), the conventional soft value decision
method expects several tens of squaring operations and comparison operations,
whereas the novel symbol demodulator of FIG. 4 is comprised of 4 adders, 2
multipliers, and 4 multiplexers, contributing to a remarkable reduction in
operation time and complexity of the demodulator. Table 12 below illustrates a
comparison made between Equation (4) and Equations (9) and (10) in terms of

the type and number of operations, forie {0, 1, 2, 3}.
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Table 12
 Equation (4) ~ Equations (9) and (10)
~ Operation No of Operations Operation No of Operations
ot [ o ofOpton | Opemin | o Oy
Addition 3x16+4=52 | Addition 4
~ Squaring | Ix16=32 |  Multiplication | 2
[_ Comparison |  Tx2x4=56 ‘ Multiplexing ! 4 |

In sum, the present invention derives Table 6 to Table 11 from Equation
(6) to Equation (8) and the process of Table 1 to Table 5, in order to reduce a time
delay and complexity, which may occur when Equation (4), the known dual
minimum metric procedure, or Equation (5) obtained by simplifying the dual
minimum metric procedure is actually realized using the 16-ary QAM. Further,
the present invention provides Equation (9) and Equation (10), new formulas used
to realize the dual minimum metric procedure in the 16-ary QAM. In addition, the
present invention provides a hardware device realized based on Equation (9) and
Equation (10).

As described above, in deriving a soft value (or soft decision value)
needed as an input of a channel decoder using the dual minimum metric
procedure, the novel 16-ary QAM demodulator for a data communication system
can perform simple and rapid calculation while obtaining the same result as when
the existing formula is used. A soft value calculator realized by hardware
remarkably reduces an operation time and complexity of the demodulator.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled i the
art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.
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WHAT IS CLAIMED IS:
1. A 16-ary QAM (Quadrature Amplitude Modulation)

demodulation apparatus for receiving an input signal Ry (X, Y,) comprised of a
k™ quadrature-phase component Y, and a k™ in-phase component X, and for
generating soft values A(sy o), A(sy 1), A(Sk2) and A(sy 3) for the input signal Ry(X,,
Y,) by a soft decision means, comprising:

a first soft value decider for deciding soft values A(s, ) and A(s ) of first

and second demodulated symbols among 4 demodulated symbols, according to
the following equations,

Z' =X,|-2a

J 0 if MSB(Z' )=1
A(sp) =X, +B-Z",, where B=3—-1 if MSB(Z',)=0 and MSB(X,)=1
1 if MSB(Z' )=0 and MSB(X,)=0

\

A(Sk,O) =4

where A(s,,) denotes the soft value of the first demodulated symbol, A(sy;)
denotes the soft value of the second demodulated symbol, MSB is the most
significant bit or sign bit, and “2a” denotes a distance between two demodulated
symbols on the same axis of a mapping table; and

a second soft value decider for deciding soft values A(sy,) and A(sy3) of
third and fourth demodulated symbols among the 4 demodulated symbols,
according to the following equations,

Z, =|%|-2a

0 if MSB(Z,)=1
A(sys) =Y, +a-Z,, wherea=1-1 if MSB(Z,)=0 and MSB(Y,)=1
1 if MSB(Z,)=0 and MSB(Y,)=0
A(Sk,Z) =Z,
where A(sy,) denotes the soft value of the third demodulated symbol, A(sy;)

denotes the soft value of the fourth demodulated symbol, and “2a” denotes the
distance between two demodulated symbols on the same axis of a mapping table.

2. The 16-ary QAM demodulation apparatus of claim 1, wherein the
first soft value decider comprises:

a first calculator for calculating Z’kf—“ X, |-2a using the in-phase
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component X, and the distance 2a between two demodulated symbols on the
same axis of a mapping table, and outputting the Z’, as the soft value of the first
demodulated symbol;

a first selector for receiving the Z’, from the first calculator and an
inverted signal of the Z’°;, and selecting one of the two mputs according to a sign
bit of the in-phase component X, ;

a second selector for receiving an output of the first selector and a signal
“0”, and selecting one of the two inputs according to a sign bit of the 7’ ; and

a first adder for adding an output of the second selector and the in-phase |
component X,, and outputting the soft value of the second demodulated symbol.

3. The 16-ary QAM demodulation apparatus of claim 1, wherein the
second soft value decider comprises:

a second calculator for calculating Z,= | Yk| -2a using the quadrature-
phase component Y, and the distance 2a between two demodulated symbols on

the same axis of a mapping table, and outputting the Z, as the soit value of the
third demodulated symbol;

a third selector for receiving the Z, from the second calculator and an
inverted signal of the Z,, and selecting one of the two 1nputs according to a sign
bit of the quadrature-phase component Y,;

a fourth selector for recerving an output of the third selector and a signal
“0”, and selecting one of the two 1nputs according to a sign bit of the Z,; and

a second adder for adding an output of the fourth selector and the
quadrature-phase component Y,, and outputting the soft value of the fourth
demodulated symbol.

4, A 16-ary QAM (Quadrature Amplitude Modulation)
demodulation apparatus for receiving an input signal Ry (X,, Y,) comprised of a
k™ quadrature-phase component Y, and a k™ in-phase component X,, and
generating soft values A(sy ), A(sk1), A(sc2) and A(sy ;) for the input signal R, (X,
Y, ) by a soft decision means, comprising:

a first calculator for determining a soft value A(s.,) of a third
demodulated symbol among 4 demodulated symbols by subtracting a distance 2a
between two demodulated symbols on the same axis of a mapping table from a
level |Yk\ of the quadrature-phase component Y;

a second calculator for determining a soft value A(s.;) of a fourth
demodulated symbol by calculating Y, +a*Z, using a first variable o determined
by the soft value of the third demodulated symbol and a sign bit of the
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quadrature-phase component Y,, where Z, is the soft value of the third
demodulated symbol;

a third calculator for deciding a soft value A(sy () of a first demodulated
symbol by subtracting the distance 2a from a level \Xk| of the in-phase
component X, ; and

a fourth calculator for deciding a soft value A(sc;) of a second
demodulated symbol by calculating X, +B*Z’, using a second variable [
determined by the soft value of the first demodulated symbol and a sign bit of the

in-phase component X,, where Z’, is the soft value of the first demodulated
symbol.

5. The 16-ary QAM demodulation apparatus of claim 4, where the
second calculator sets the first variable a to “0” if the soft value Z; of the third

demodulated symbol has a negative value, sets the first variable a to *-1” 1f the Z,
has a positive value and the quadrature-phase component Y has a negative value,

and sets the first variable o to “1” if the Z, has a positive value and the
quadrature-phase component Y, has a positive value.

6. The 16-ary QAM demodulation apparatus of claim 4, wherein the
fourth calculator sets the second variable B to “0” if the soft value Z’ of the first

demodulated symbol has a negative value, sets the second variable B to “-1” if the
Z’, has a positive value and the in-phase component X, has a negative value, and

sets the second variable P to “1” if the Z’, has a positive value and the in-phase
component X, has a positive value.

7. A l16-ary QAM (Quadrature Amplitude Modulation)
demodulation method for receiving an input signal Ry(X,, Y,) comprised of a k™
quadrature-phase component Y and a k™ in-phase component X,, and generating

soft values A(Sy o), A(Sk1), A(seo) and A(sy ;) for the input signal R(Xy, Y)) by a
soft decision means, comprising the steps of:

calculating soft values A(s, o) and A(sy;) of first and second demodulated
symbols among 4 demodulated symbols, using the following equations,

Z'k=|Xk‘—2a

(0 if MSB(Z',)=1

A(s,) =X, +B-Z",, where B=4-1 if MSB(Z',)=0 and MSB(X,)=1
1 if MSB(Z',)=0 and MSB(X,)=0
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A(Sk,O) =24,

where A(sy,) denotes the soft value of the first demodulated symbol,

A(sy;) denotes the soft value of the second demodulated symbol, MSB is the most

significant bit or sign bit, and “2a” denotes a distance between two demodulated
symbols on the same axis of a mapping table; and

calculating soft values A(sy,) and A(sy3) of third and fourth demodulated
symbols among the 4 demodulated symbols, using the following equations,

Z, =|%|-2a

0 if MSB(Z,)=1
A(sys) =Y, +a-Z,, wherea=1-1 if MSB(Z,)=0 and MSB(1})=1
1 if MSB(Z,)=0 and MSB(Y,)=0
A(sy,) =2,

where A(sc,) denotes the soft value of the third demodulated symbol, A(sy;)
denotes the soft value of the fourth demodulated symbol, and “2a” denotes the
distance between two demodulated symbols on the same axis of a mapping table.

8. The 16-ary QAM demodulation method of claim 7, wherein the
first soft value decision step comprises the steps of:

calculating Z’,=| X.|-2a using the in-phase component X, and the
distance 2a between two demodulated symbols on the same axis of a mapping
table, and outputting the calculated Z’, as the soft value of the first demodulated
symbol;

selecting as a first selected signal one of the soft value Z°, of the first
demodulated symbol and an inverted signal of the soft value Z’°, of the first
demodulated symbol, according to a sign bit of the in-phase component X;;

selecting as a second selected signal one of the first selected signal and a
signal “0”, according to a sign bit of the soft value Z’y of the first demodulated
symbol; and

adding the second selected signal and the in-phase component X,, and
outputting the soft value of the second demodulated symbol.

0. The 16-ary QAM demodulation method of claim 7, wherein the
second soft value decision step comprises the steps of:

calculating Z,=| Y, | -2a using the quadrature-phase component Y, and the
distance 2a between two demodulated symbols on the same axis of a mapping
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table, and outputting the calculated Z, as the soft value of the third demodulated
symbol;

selecting as a third selected signal one of the soft value Z; of the third
demodulated symbol and an inverted signal of the soft value Z,, according to a
sign bit of the quadrature-phase component Y;

selecting as a fourth selected signal one the third selected signal or a
signal “0”, according to a sign bit of the Z,; and

adding the fourth selected signal and the quadrature-phase component Y,
and outputting the soft value of the fourth demodulated symbol.

10. A 16-ary QAM (Quadrature Amplitude Modulation)
demodulation method for receiving an input signal R(X,, Y,) comprised of a k™
quadrature-phase component Y, and a k™ in-phase component X, and generating
soft values A(sy o), A(Sk1), A(sx2) and A(sy;) for the input signal Ri(X,, Y) by a
soft decision means, comprising the steps of:

(a) calculating a soft value A(s,,) of a third demodulated symbol among 4
demodulated symbols by subtracting a distance 2a between two demodulated

symbols on the same axis of a mapping table from a level | Y, | of the quadrature-
phase component Yy;

(b) determining a soft value A(s,3) of a fourth demodulated symbol by

calculating Y, +o*Z, using a first variable o determined by the soft value of the

third demodulated symbol and a sign bit of the quadrature-phase component Y,
where Z, is the soft value of the third demodulated symbol;

(¢) calculating a soft value A(s.o) of a first demodulated symbol by
subtracting the distance 2a from a level | X, | of the in-phase component X,; and
(d) determining a soft value A(sy;) of a second demodulated symbol by

calculating X,+B*Z’, using a second variable B determined by the soft value of
the first demodulated symbol and a sign bit of the in-phase component X, where
7’ is the soft value of the first demodulated symbol.

11. The 16-ary QAM demodulation method of claim 10, wherein the
step (b) comprises the steps of:

setting the first variable o to “0” if the soft value Z; of the third
demodulated symbol has a negative value;

setting the first variable o to “-1” if the 7, has a positive value and the
quadrature-phase component Y, has a negative value; and

setting the first variable o to “1” if the Z, has a positive value and the
quadrature-phase component Y, has a positive value.
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12. The 16-ary QAM demodulation method of claim 10, wherein the
step (d) comprises the steps of:

setting the second variable f to “0” if the soft value Z’; of the first
demodulated symbol has a negative value;

setting the second variable B to “-1” if the Z’, has a positive value and the
in-phase component X, has a negative value; and

setting the second variable  to “1” if the Z’, has a positive value and the
in-phase component X, has a positive value.

13. A method for demodulating a received signal in a data
communication system employing a modulating technique for dividing an output
sequence of a channel encoder into 4 bits and mapping the bits to a specific one
of 16 signal points having an in-phase component X, and a quadrature-phase
component Y,, comprising the steps of:

calculating a soft value Z, of a third demodulated symbol by subtracting
a distance 2a between two demodulated symbols on the same axis of a mapping

table from a level | Y, | of the quadrature-phase component Y,;
setting a first variable o to “0” if the soft value Z; has a negative value,

setting the first variable o to “-1” if the Z, has a positive value and the
quadrature-phase component Y, has a negative value, and setting the first variable

a to “1” if the Z, has a positive value and the quadrature-phase component Y, has

a positive value;
determining a soft value of fourth demodulated symbol by calculating

Y, +a*Z, using the quadrature-phase component Y, the soft value Z, and the first

variable o;
calculating a soft value Z’°, of a first demodulated symbol by subtracting
the distance 2a between two demodulated symbols on the same axis of a mapping

table from a level | Xkl of the in-phase component X,;
setting a second variable  to “0” if the soft value Z’, has a negative value,
setting the second variable B to “-1” if the Z’, has a positive value and the in-

phase component X, has a negative value, and setting the second variable 3 to “1”
if the Z’, has a positive value and the in-phase component X, has a positive value;

and
determining a soft value of second demodulated symbol by calculating

X,+B*Z’, using the in-phase component X, the soft value Z’, and the second
variable 3.
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