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SYSTEM AND METHOD OF GENERATING SOFT BITS

BACKGROUND
[0001] In many digital modulation schemes, binary data is mapped onto modulation symbols.
In many such schemes, there are more than two possible different modulation symbols, which
means each modulated symbol contains more than 1 bit of information. Symbols received at
a receiver may be corrupted by noise. Thus, due to the randomness characteristic of noise, a
recovered sequence of bits from received symbols could have errors in it. In other words,
each recovered bit is not guaranteed to be the original transmitted bit. Some of the recovered
bits are more likely to be wrong than others. Soft bits, also referred to as reliability
information, are used to indicate the probability of each recovered bit to be in error. This

“soft information” is especially useful for an error control decoder.

[0002] Typical digital modulation schemes calculate the soft bits through a series of
computationally intensive equations. For example, in a constellation having 8 symbols, such
as in the 8-PSK modulation scheme, each symbol represents three bits of data. In order to
calculate soft bits, a distance between the received symbol and each symbol in the
constellation, as well as the minimum values of 6 groups of distance values are calculated. In
particular, the six groups of distance values are the groups having a 0 or 1 in the first bit, a 0
or 1 in the second bit, and a 0 or 1 in the third bit. For example, given the exemplary

constellation 100 in Fig. 1, the soft bits are calculated using the three equations below:

z,, =min(M,, M ;,, M ;,M ) —min(M o, M 5, M (.M ;));

Zyy =min(M 5, My, M 5, M ) —min(M o, M, M 5, M 1)) ;

Zy,p =M, M, M 5, M) —min(M o, M, M, M ;)

[0003] In the above equations, the quantity Mj; represents the distance between the received
symbol and one of the symbols in the constellation. The subscript 7 is the received symbol
index and the subscript j is the constellation symbol index. Performing these calculation for
each received symbol can be computationally intensive because the calculations involve

complex numbers and square roots. In addition, other constellations that map more than 3

bits to each symbol will have additional equations to be solved, one for each soft bit.

Attorney Docket No. 100.1073W0O01 1
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SUMMARY
[0004] In one embodiment a receiver is provided that receives a received signal from a
communication link, the received signal comprising a stream of symbols modulated onto a
carrier, each of the stream symbols selected from a constellation of symbols to represent a
plurality of encoded data bits. The receiver comprises a demodulator to produce a stream of
received symbols derived from the received signal; a channel decoder to produce a received
stream of data bits derived from the stream of received symbols; and a memory-device to
store information related to the plurality of symbols in the constellation. For each of the
symbols in the stream of received symbols, the demodulator: determines which of the
plurality of symbols in the constellation is a respective closest symbol to that received
symbol; identifies a respective nearest neighbor symbol for each data bit represented by the
closest symbol for that received symbol based on the information stored in the memory
device; and  for each data bit represented by the respective closest symbol for that received
symbol, subtracts the distance between the respective closest symbol and that received
symbol from the distance between the respective nearest neighbor symbol and that received

symbol in order to produce respective soft bits for that received symbol.

DRAWINGS
[0005] Understanding that the drawings depict only exemplary embodiments and are not
therefore to be considered limiting in scope, the exemplary embodiments will be described

with additional specificity and detail through the use of the accompanying drawings, in
which:

[0006] Figure 1 is.a diagram of one example of a constellation
[0007] Figure 2 is a block diagram of one embodiment of a communication system.
[0008] Figure 3 is a diagram of another example of a constellation.

[0009] Figure 4 is a flow diagram depicting one embodiment of a method of calculating

reliability information for a received symbol.

[0010] In accordance with common practice, the various described features are not drawn to
scale but are drawn to emphasize specific features relevant to the exemplary embodiments.

Like reference numbers and designations in the various drawings indicate like elements.

Attorney Docket No. 100.1073W001 2
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DETAILED DESCRIPTION
[0011] In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, and in which is shown by way of illustration specific illustrative
embodiments. However, it is to be understood that other embodiments may be utilized and
that logical, mechanical, and electrical changes may be made. Furthermore, the method
presented in the drawing figures or the specification is not to be construed as limiting the
order in which the individual steps may be performed. The following detailed description is,

therefore, not to be taken in a limiting sense.

[0012] Fig. 2 is a block diagram of one embodiment of a communication system 200.
Communication system 200 includes a transmitter 202 and a receiver 204. Transmitter 202 is
operable to transmit modulated communication signals over link 206 to receiver 204.
Receiver 204 demodulates the communication signals and performs error correction routines

to reduce the effects of noise in the received modulated signal.

[0013] Although only the transmitter 202 and the only the receiver 204 are shown at the
respective ends of the communication link 206 in FIG. 2, it is to be understood that typically
each end of the communication link 206 will have both a transmitter and receiver (to support
bi-directional communication). Also, although the transmitter 202 and receiver 204 are
shown as separate devices in Fig. 2, in some implementations, the receiver and transmitter at
each end of the link 206 are integrated into a single device (sometimes referred to as a
"transceiver"). Thus, in such implementations, each of transmitter 202 and receiver 204

include both a transmitter and receiver integrated into a single device.

[0014] Transmitter 202 comprises a channel encoder 208 and a modulator 210. Channel

encoder 208 encodes data bits received from a data source 201 to produce a binary sequence,

d =[d,,d,..dy]. The binary sequence d is output from the channel encoder 208 to

modulator 210. Modulator 210 is operable to map each of the bits in binary sequence d to
one of a plurality of symbols in a constellation such that each symbol represents a plurality of
bits. For example, in some embodiments, modulator 210 is operable to map binary sequence
d using a phase-shift keying (PSK) modulation scheme which uses a constellation such as the
exemplary constellation shown in Fig. 1. In particular, the PSK constellation shown in Fig. 1
is a constellation used in a Global System for Mobile communications (GSM) 8-PSK
modulation scheme. However, in other embodiments, other modulation schemes such as 16-

bit or 64-bit Quadrature Amplitude Modulation (QAM) are used. For example, in some
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embodiments, a QAM modulation scheme based on the IEEE 802.16e standard is used (such
as the exemplary constellation 300 shown in Fig. 3). Although specific exemplary
modulation schemes are mentioned herein, it is to be understood that other modulation
schemes can be used which map a binary sequence of bits to a plurality of symbols which

each represent a plurality of bits.

[0015] Modulator 210 outputs a modulated sequence of symbols, x =[x,,x,...x,,]. The

modulated sequence x is transmitted to receiver 204 via communication link 206, Link 206
comprises any wired or wireless medium suitable for communication signals, such as, but not
limited to, fiber optic cable, coaxial cable, twisted pair cable, and wireless radio frequency
(RF) communication signals. Hence, modulator 210 is operable to modulate symbol
sequence x for transmission over link 206. For example, in this exemplary embodiment, the
transmitter 202 further comprises an RF module 224. The RF module 224 receives the
modulated sequence x produced by the modulator 210 and produces an RF signal suitable for
transmission on the link 106. For example, in one implementation where the modulator 210
outputs a digital baseband modulated signal having in-phase (I) and quadrature (Q)
components, the RF module 224 performs an up-conversion operation to up-convert the
baseband signal to an appropriate RF frequency and performs a digital-to-analog (D/A)

operation to produce an analog signal suitable for transmission.

[0016] During transmission over link 206, various sources of noise can corrupt or alter

symbol sequence x. Thus, receiver 204 receives a symbol sequence, y =[y,, ...y, |, which

may be different from sequence x. In particular, the receiver 204 comprises an RF module
226, a demodulator 112 and a channel decoder 114. The RF module 226 receives the RF
signal transmitted on the link 106 and produces a digital baseband signal, comprising the
received symbol sequence y, suitable for use by the demodulator 212. For example, in one
implementation where the demodulator 212 is configured to received a digital baseband
modulated signal having I and Q components, the RF module 226 performs a down-
conversion operation to down-convert the RF signal to baseband and to separate out the I and
Q components. The RF module 226, in such an implementation, also performs an analog-to-
digital (A/D) operation to produce digitized versions of the baseband signals suitable for use
by the demodulator 212.

[0017] Demodulator 212 estimates the sequence d according to received sequence y.

Demodulator 212 also calculates a soft bit for each bit of data represented by a symbol in
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sequence y. The estimated sequence and soft bits are provided to the channel decoder 214,
which uses the soft bit information in error correction routines. However, unlike
conventional systems, demodulator 212 does not calculate a series of computationally
intensive equations to determine the soft bits or reliability information. Instead, demodulator
212 uses a nearest neighbor symbol table 220 stored in memory 218 included in the receiver
214 to more efficiently calculate the soft bits. Notably, although the demodulator 212
includes the memory 218 in the exemplary embodiment shown in Fig. 2, it is to be
understood that the memory 218 can be separate from demodulator 212 in other

embodiments.

[0018] The memory 218 can be implemented as any available media that can be accessed by
a general purpose or special purpose computer or processor, or any programmable logic
device. Suitable processor-readable media may include storage or memory media such as
magnetic or optical media. For example, storage or memory media may include conventional
hard disks, Compact Disk - Read Only Memory (CD-ROM), volatile or non-volatile media
such as Random Access Memory (RAM) (including, but not limited to, Synchronous
Dynamic Random Access Memory (SDRAM), Double Data Rate (DDR) RAM, RAMBUS
Dynamic RAM (RDRAM), Static RAM (SRAM), etc.), Read Only Memory (ROM),
Electrically Erasable Programmable ROM (EEPROM), and flash memory, etc. Suitable
processor-readable media may also include transmission media such as electrical,
electromagnetic, or digital signals, conveyed via a communication medium such as a network

and/or a wireless link.

[0019] For a given received symbol y,,, processing functionality 216 determines which
symbol in the constellation is closest to the received symbol. Processing functionality 216
can be implemented using software, firmware, hardware, or any appropriate combination
thereof, as known to one of skill in the art. For example, processing functionality 216 can
include or interface with hardware components and circuitry that support the demodulation of
received symbol sequence y. By way of example and not by way of limitation, these
hardware components can include one or more microprocessors, memory elements, digital
signal processing (DSP) elements, interface cards, and other standard components known in
the art. Any of the foregoing may be supplemented by, or incorporated in, specially-designed
application-specific integrated circuits (ASIC) and field programmable gate arrays (FPGA).
As used herein, a table is any data structure for storing data such as, but not limited to, a

keyed relational database, a linked list, a flat-file record, etc.

Attorney Docket No. 100.1073W001 5
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[0020] In one implementation of the embodiment shown in Fig. 2, at least a portion of the RF
module 226, the demodulator 212, and/or the channel decoder 214 in receiver 204 are
implemented in software that executes on a suitable programmable processor. For example,
such a programmable processor can be implemented using a digital signal processor (DSP)
that executes software that implements at least a portion of the functionality described herein
as being performed by the RF module 226, the demodulator 212, and/or the channel decoder
214. Such software comprises a plurality of program instructions tangibly embodied on a
processor-readable medium. In other examples, the programmable processor is a part of
another type of programmable device such as an ASIC or FPGA. Similarly, in one
implementation of the transmitter 202 shown in Fig. 2, at least a portion of the RF module
224, the modulator 210, and/or the channel encoder 208 are implemented in software that

executes on a suitable programmable processor.

[0021] Processing functionality 216 finds the symbol in the constellation with the minimum
distance from the received symbol. The distance between the received symbol and a
constellation symbol is denoted herein as Mj;, where the subscript i is the received symbol
index and the subscript j is the constellation symbol index. For example, Table 1 below
shows the relationship between the symbol index j, the constellation and the modulated bits

for the constellation shown in Fig. 1.

Modulated Bits Constellation I Qi
ds; dsivg dsiss Symbol Index

(1,1,h) 0 1 0

0,1,1) 1 1 1
2 2

0,1,0) 2 0 1

(0,0,0) 3 1 1
2 2

(0,0,1) 4 1 0

(1,0,1) 5 1 1
2 V2

(1,0,0) 6 0 1

(1,1,0) 7 1 1
V2 2

Table 1

Attorney Docket No. 100.1073W001 6
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[0022] Similarly, Table 2 below shows the relationship between the symbol index j, the

constellation and the modulated bits for the constellation shown in Fig. 3.

Modulated Bits Symbol Index 0, 1,
b4i b4i+1 b4i+2 b4i+3

(0,0,0,0) 0 1 1
Jio Jio

(0,0,0,1) 1 3 1
Jio NT)

(0,0,1,0) 2 1 1
Jio Jio

(0,0,1,1) 3 3 1
o Jio

(0,1,0,0) 4 1 3
Jio Jio

(0,1,0,1) 5 3 3
Jio Jio

(0,1,1,0) 6 1 3
Jio NT)

(0,1,1,1) 7 3 3
Jio Jio

(1,0,0,0) 8 1 1
Jio Jio

(1,0,0,1) 9 3 1
Jio Jio

(1,0,1,0) 10 1 1
Jio Jio

(1,0,1,1) 11 3 1
V1o Jio

(1,1,0,0) 12 1 3
Jio Vo

(1,1,0,1) 13 3 3
Jio Jio

(1,1,1,0) 14 1 3
Jio Jio

Attorney Docket No. 100.1073WO01 7
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(LL,LD 15

3 3
V10 V10

Table 2

[0023] The constellation symbol with the minimum distance is referred to herein as the
“closest symbol” and the distance between the closest symbol and the received symbol is also

denoted herein as M,,;,.

[0024] After determining which constellation symbol is the closest symbol, processing
functionality 216 looks up, in the table 220 stored in memory 218, a nearest neighbor symbol
for each bit in the closest symbol. Asused herein, a nearest neighbor symbol is the
constellation symbol that reverses the value of the respective bit in the closest symbol and is
located with a minimum distance to the closest symbol. For example, Table 3 below is an

exemplary table stored in memory 218 for an embodiment implementing the constellation in
Fig. 2.

Bit index &

Jon 0 1 2
0 1 6 7
1 0 3 2
2 0 3 1
3 5 2 4
4 5 2 3
5 4 7 6
6 4 7 5
7 1 6 0

Table 3

[0025] In the far left column of Table 3 are listed the constellation symbol index numbers. In
the other three columns are listed the nearest neighbor symbol index numbers for each bit in
each constellation symbol. For example, the three bit values represented by constellation
symbol 2 are 0, 1, and 0 as shown in Table 1. If the closest symbol is constellation symbol 2
(that is j,;,=2), then the nearest neighbor symbol which reverses the value of the first bit is
constellation symbol 0 (representing bits 1, 1, and 1), the nearest neighbor symbol for the
second bit is constellation symbol 3 (representing bits 0, 0, and 0), and the nearest neighbor

symbol for the third bit is constellation symbol 1 (representing bits 0, 1, and 1).

[0026] For each soft bit, processing functionality 216 subtracts the distance between the
closest symbol and the received symbol (the distance M, from the distance between the
nearest neighbor symbol and the received symbol (the distance Mj;). Thus, the absolute value

Attorney Docket No. 100.1073WO001 8
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of the three soft bits for a closest symbol 2 are given by the relatively simple equations Mjy-
Mpin, Mi3-Myin, and M;;-M,i,. These equations are relatively simple because they do not
require calculation of distances between all constellation symbols and the received symbols
or a determination of minimum distances for a plurality of group values as in conventional
systems. Thus, the embodiments described herein provide a more efficient and less

computationally intensive way of calculating soft bit information.

[0027] In this example, the above process obtains the absolute value of the soft bits or
reliability information. In order to determine the polarity or sense of each soft bit, processing
functionality 216 retrieves the polarity data from a polarity table 222 also stored in memory
218 in this embodiment. For example, a polarity table corresponding to the constellation of

Fig. 1 is shown in Table 4 below.

Bit index &

joo 0 1 2
0 -1 -1 -1
1 -1 -1 1
2 -1 1 -1
3 -1 1 1
4 1 -1 -1
5 1 -1 1
6 1 1 -1
7 1 1 1

Table 4

[0028] Thus, for the example described above with the closest symbol being constellation
symbol 2, the polarity applied to the respective soft bits is -1, 1, and -1. After applying the
polarity to the respective soft bits, demodulator 212 provides the soft bits to channel decoder
214 for use in error correction routines. The process described above to determine soft bits is
repeated for each received symbol. Channel decoder 214 provides the decoded data to a data

sink 228, such as, but not limited to, a mobile phone, television system, etc.

[0029] Tthe process described above can also be used with other modulation schemes that
use different constellations. For example, Table 5 below is an exemplary table of nearest

neighbor symbols that corresponds to the constellation shown in Fig. 3.

it index k

Jom 0 1 2 2
0 8 4 2 1
1 9 5 2 0
2 10 6 0 3

Attorney Docket No. 100.1073WO001 o]
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3 11 7 0 2
4 8 0 6 6
5 9 1 6 4
6 10 2 4 7
7 11 3 4 6
8 0 12 10 9
9 1 13 10 8
10 2 14 8 11
11 3 15 8 10
12 0 8 14 13
13 1 9 14 12
14 2 10 12 15
15 3 11 12 14

Table 5

[0030] An exemplary polarity table corresponding to Table 5 and the constellation of Fig. 3

is shown below in Table 6.

it index k
T 0 1 2 3
0 1 1 1 1
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12 1 1 1 1
13 ] 1 1 1
14 1 1 1 1
15 1 1 1 1

Table 6

[0031] Fig. 4 is a flow chart depicting one embodiment of a method 400 of calculating soft

bit information. The embodiments of method 400 shown in Fig. 4 are described here as being

implemented by demodulator 212 described above in connection with Fig. 2, though other

embodiments are implemented in other ways. In this embodiment, all or some portions of

method 400 are implemented in program instructions tangibly embodied on a processor-

readable medium and executed by processing functionality 216.

Attorney Docket No. 100.1073WO0O01
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[0032] At block 402, a demodulator receives a modulated symbol representing a plurality of
bits. The symbol is modulated according to a constellation such as PSK or QAM as
described above. At block 404, the demodulator determines which symbol in the
constellation has the minimum distance to the received symbol (also referred to here as the
“closest symbol”). At block 406, for each bit represented by the closest symbol, the
demodulator 212 identifies a nearest neighbor symbol that reverses the value of the respective
bit based on information stored in the memory device 218. For example, in this
implementation, the demodulator 212 looks up the nearest neighbor symbol in a table 220.

At block 408, the demodulator 212 subtracts the distance between the closest symbol and the
received symbol from the distance between each bit’s nearest neighbor symbol and the
received symbol to obtain the absolute value of the respective soft bits. At block 410, for
each bit represented by the closest symbol, the demodulator 212 looks up polarity data related
to the respective soft bit in a polarity table and applies the polarity to the respective soft bit.
At block 412, the demodulator 212 provides the soft bits to a decoder for use in error

correction of the recovered binary sequence.

[0033] Although specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that any arrangement, which is calculated to
achieve the same purpose, may be substituted for the specific embodiments shown.
Therefore, it is manifestly intended that this invention be limited only by the claims and the

equivalents thereof.
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CLAIMS

What is claimed is:

1. A receiver that receives a received signal from a communication link, the received
signal comprising a stream of symbols modulated onto a carrier, each of the stream symbols
selected from a constellation of symbols to represent a plurality of encoded data bits, the
receiver comprising:
a demodulator to produce a stream of received symbols derived from the received
signal;
a channel decoder to produce a received stream of data bits derived from the stream of
received symbols; and
a memory device to store information related to the plurality of symbols in the
constellation;
wherein, for each of the symbols in the stream of received symbols, the demodulator:
determines which of the plurality of symbols in the constellation is a
respective closest symbol to that received symbol;
identifies a respective nearest neighbor symbol for each data bit represented
by the closest symbol for that received symbol based on the information stored in the
memory device; and
for each data bit represented by the respective closest symbol for that received
symbol, subtracts the distance between the respective closest symbol and that received
symbol from the distance between the respective nearest neighbor symbol and that received

symbol in order to produce respective soft bits for that received symbol.

2. The receiver of claim 1, wherein the demodulator is operable to produce a stream of
received symbols by using one of a phase-shift keying (PSK) modulation scheme and a
Quadrature Amplitude Modulation (QAM) modulation scheme.

3. The receiver of claim 2, wherein the PSK modulation scheme is a Global System for

Mobile communications (GSM) 8-PSK modulation scheme.

4, The receiver of claim 2, wherein the QAM modulation scheme is a modulation

scheme based on the IEEE 802.16¢ standard.
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5. The receiver of claim 1, wherein the demodulator is further operable, for each bit
represented by the closest symbol for a given received symbol, to retrieve, from the memory

device, polarity data related to the soft bits for that received symbol.

6. The receiver of claim 1, wherein the received signal comprises a radio frequency
signal and wherein the receiver further comprises a radio frequency module that down-

converts the received signal.

7. A communication system comprising:
a transmitter operable to transmit a modulated signal, the transmitter comprising:
a channel encoder to encode a stream of data bits; and
a modulator to map the encoded steam of data bits to a plurality of symbols
from a constellation of symbols such that each symbol in the modulated signal represents a
plurality of encoded data bits; and
a receiver operable to receive the modulated signal, the receiver comprising:
a demodulator to produce a stream of received symbols derived from the
received signal;
a channel decoder to produce a received stream of data bits derived from the stream of
received symbols; and
a memory device to store information related to the plurality of symbols in the
constellation;
wherein, for each of the symbols in the stream of received symbols, the demodulator:
determines which of the plurality of symbols in the constellation is a
respective closest symbol to that received symbol;
identifies a respective nearest neighbor symbol for each data bit represented
by the closest symbol for that received symbol based on the information stored in the
memory device; and
for each data bit represented by the respective closest symbol for that received
symbol, subtracts the distance between the respective closest symbol and that received
symbol from the distance between the respective nearest neighbor symbol and that received

symbol in order to produce respective soft bits for that received symbol.
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8. The communication system of claim 7, wherein the demodulator is operable to
produce a stream of received symbols by using one of a phase-shift keying (PSK) modulation

scheme and a Quadrature Amplitude Modulation (QAM) modulation scheme.

9. The communication system of claim 8, wherein the PSK modulation scheme is a

Global System for Mobile communications (GSM) 8-PSK modulation scheme.

10. The communication system of claim 8, wherein the QAM modulation scheme is a

modulation scheme based on the IEEE 802.16¢ standard.

11.  The communication system of claim 7, wherein the demodulator is further operable,
for each bit represented by the closest symbol for a given received symbol, to retrieve, from

the memory device, polarity data related to the soft bits for that received symbol.

12. The communication system of claim 7, wherein the transmitter further comprises a
radio frequency module that up-converts the modulated signal and the receiver further

comprises a radio frequency module that down-converts the received signal.

13. A method of demodulating a received signal comprised of a stream of symbols, the
method comprising:

receiving the signal comprised of a stream of symbols, each of the stream symbols
selected from a constellation of symbols to represent a plurality of encoded data bits;

for each received symbol, determining which symbol in the constellation has the
minimum distance to that received symbol;

for each bit represented by the symbol with the minimum distance to that received
symbol, identifying a nearest neighbor symbol that reverses the value of the respective bit
based on information stored in a memory device; and

for each bit represented by the symbol with the minimum distance to that received
symbol, subtracting the minimum distance from the distance between each respective bit’s

nearest neighbor symbol and that received symbol to obtain soft bits for that received symbol.

14. The method of claim 13, wherein the constellation is a constellation of one of a phase-

shift keying (PSK) modulation scheme and a Quadrature Amplitude Modulation scheme.
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15. The method of claim 14, wherein the modulation scheme is a Global System for

Mobile communications (GSM) 8-PSK modulation scheme.

16. The method of claim 14, wherein the QAM modulation scheme is a modulation

scheme based on the IEEE 802.16¢ standard.

17.  The method of claim 13, further comprising, for each bit represented by the symbol
with the minimum distance, retrieving, from the memory device, polarity data related to the

reliability information for that received symbol.

18.  The method of claim 13, wherein the received signal is a radio frequency signal and

receiving the signal comprises down-converting the received signal to a baseband signal.

19. A program product comprising a processor-readable medium on which program
instructions are embodied, wherein the program instructions are operable, when executed by
at least one programmable processor included in a device that demodulates received
communication signals, to cause the device to:

calculate the distance between a received symbol representing a plurality of bits and a
symbol in a constellation which is closest to the received symbol;

for each bit represented by the closest symbol, identify a nearest neighbor symbol that
reverses the value of the respective bit based on information retrieved from a memory device;

for each bit represented by the closest symbol, subtract the calculated distance
between the closest symbol and the received symbol from the distance between each
respective bit’s nearest neighbor symbol and the received symbol to obtain soft bits for the
received symbol; and

output the soft bits for use in decoding the bits represented by the closest symbol.

20.  The program product of claim 19, wherein the program instructions are further
operable to cause the device to:

retrieve polarity information related to the soft bits from the memory device for each
bit represented by the closest symbol; and

apply the polarity information to the corresponding soft bits prior to outputting the

soft bits.
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