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(57) ABSTRACT 

The present invention relates to a method and apparatus that 
uses cyclic redundancy check (CRC) bits to detect errors and 
correct particular four-bit error patterns in an information 
burst. The present invention is particularly suited for rela 
tively simple systems that use differential encoding and 
either differential or coherent demodulation With no error 
correction capabilities, such as the Personal Handy Phone 
System (PHS), DECT, PACS and some digital cordless 
phones systems. The apparatus also adjusts its error-correc 
tion capability to accommodate different types of informa 
tion bursts and channel qualities. The present invention may 
be used in a number of Wireless, digital communication 
systems. 
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METHOD AND APPARATUS FOR DETECTING 
AND CORRECTING ERRORS USING CYCLIC 

REDUNDANCY CHECK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to Wireless 
communication devices. Speci?cally, the present invention 
relates to the detection and correction of errors in received 
signals. 
[0003] 2. Brief Description of the Related Art 

[0004] In block coding for Wireless digital communica 
tions, a transmitter transmits information bits With parity 
check bits added to the end of the information bits. Infor 
mation bits may include control information (including 
initialiZation, synchronization, etc.), data, or voice message. 
The information bits and parity check bits together make up 
a code Word or vector. At the receiving end, a receiver 
decodes the received code Words and uses the parity check 
bits to detect errors in the received code Word. Cyclic coding 
is one form of block coding. Shortened cyclic coding is an 
abbreviated form of cyclic coding. See Error Control Cod 
ing by Shu Lin et al, Prentice-Hall, Inc., 1983, page 116. 
Cyclic Redundancy Check (CRC) is one type of shortened 
cyclic coding. 
[0005] Any decoder that tries to detect errors has a prob 
ability of misdetecting errors. As seen by the receiver, 
‘misdetection’ includes at least tWo situations. If a frame 
contains an error and the decoder fails to detect this error 

(i.e. lets the frame pass for further processing as error-free), 
then there is a misdetection. If the decoder detects an error 
and miscorrects the error, then this is also a misdetection 
because the decoder ‘thinks’ it made a proper correction. 
Any decoder that attempts to correct errors increases the 
probability of misdetecting frame errors. This can degrade 
system performance. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to a method and 
apparatus for detecting and correcting errors using CRC. 
The present invention is preferably used in communication 
systems that have error detection but no error correction 
capabilities. For example, the Personal Handy Phone System 
(PHS), a Japanese communication standard, has error detec 
tion but no error correction capability. See Personal Handy 
Phone System ARIB Standard, Version 2, RCR STD-28 by 
Association of Radio Industries and Businesses. Other rela 
tively simple systems that have no error correction capabil 
ity include the Digital European Cordless Telephone 
(DECT) system, Personal Access Communication System 
(PACS) (a United States standard) and some digital cordless 
phones. The present invention is suited for a system that uses 
a one-bit-to-one-symbol modulation, such as Differential 
Binary Phase Shift Keying (DBPSK), or a tWo-bit-to-one 
symbol modulation, such as Differential Quadrature Phase 
Shift Keying (DQPSK) or 313/4 Differential QPSK (TE/4 
DQPSK)), With either differential or coherent demodulation. 

[0007] Currently, CRC is used to detect random or burst 
errors in DBPSK, DQPSK and 31/4 DQPSK communication 
systems With either differential or coherent demodulation. 
CRC possesses a high degree of error detection capability 
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compared to other forms of coding. In relatively simple 
systems like PHS, if the decoder detects an error, the decoder 
erases the information burst (eg for speech bits) or requests 
the transmitter to retransmit the same burst (eg for data 

bits). 
[0008] According to open literature, conventional CRC 
With a minimum distance of four can be used to correct a 
single-bit or a double-adjacent-bit error pattern in a single 
data frame. But if there are more errors than a single-bit or 

a double-adjacent-bit error pattern in a single frame, then 
CRC does not guarantee successful error correction. Once 
CRC is used to correct single-bit and double-adjacent bit 
errors, CRC quickly loses its high error detection capability. 
Current, practical communication systems do not use CRC 
to correct errors because correcting a single-bit or a double 
adj acent-bit error pattern in a control or data frame does not 
justify the increased probability of misdetection associated 
With error correction. In other Words, it is dangerous to 
sacri?ce CRC’s high error detection capability, particularly 
for control bursts, to correct limited error patterns. Control 
bursts require perfect or near-perfect transmission. As a 
result, Where error correction is needed, a more sophisticated 
error correction system is often used, such as Reed-Soloman 
and convolutional coding. One problem With this type of 
error correction is that it is incompatible With the simpler 
system referenced above and it Would add to the cost of the 
equipment. 

[0009] Another reason Why practical communication sys 
tems do not use CRC to correct errors is that error correction 

becomes counterproductive When the channel is noisy, 
Which causes multiple transmission errors in each frame or 
burst of information. Error correction using CRC in this case 
Would increase the probability of creating more errors. 
Current industry standards and systems teach aWay from 
using CRC for error correction. Mobile Communications 
Engineering by William C. Y. Lee, 2d ed, McGraW-Hill 
Companies, Inc., 1998, page 457 (“The cyclic redundancy 
check is used to detect the error only”). 

[0010] The present invention recogniZes that any modu 
lation system that converts tWo bits to one symbol using 
differential encoding Will cause double-adjacent symbol 
errors When each symbol is converted to tWo bits at the 
demodulation (decoding) end. The present invention further 
recogniZes that these double-adjacent symbol errors corre 
spond to a limited number of four-bit error patterns, and that 
these four-bit error patterns can be corrected. The present 
invention uses CRC to correct these four-bit error patterns 
Without adding signi?cant hardWare and softWare. This is 
particularly advantageous in systems that have little or no 
error correction capabilities. 

[0011] By using CRC to correct errors, the present inven 
tion increases throughput (amount of information bits 
received and actually used) compared to current systems 
because the decoder in the present invention does not simply 
erase entire information bursts or requests the transmitter to 
retransmit the information bursts. The decoder in the present 
invention corrects errors in information bursts using CRC. 
For eXample, if 10 information bursts are sent in a system 
With no error correction and 3 out of 10 information bursts 
contain errors, then those 3 information bursts must be 
erased or retransmitted. Erasing information bits decreases 
throughput and degrades performance. Retransmission takes 
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additional time, Which also degrades performance. But 2 out 
of 3 of the information bursts With errors may contain error 
patterns Which are correctable by the present invention. 
Thus, the present invention increases throughput Without 
adding more redundant check bits to the information burst or 
adding signi?cantly more circuitry to the decoder. 

[0012] In addition, the present invention recogniZes that 
different types of information bursts (data, voice or control) 
in different channel conditions need different degrees of 
error detection capability. For example, high error detection 
is required for all control bursts. Because of the importance 
of a control burst, it has a very loW tolerance for errors. 
Using CRC to correct errors may create additional errors if 
the channel quality is particularly poor. Thus, the use of 
CRC to correct errors should be done only When the signal 
is of a very high quality. In contrast, routine data bursts, 
representing voice data for example, can tolerate some 
additional errors Which a decoder might make if it uses CRC 
to correct errors Where the signal quality is someWhat loWer. 
In one preferred embodiment of the present invention, error 
correction is turned on for voice bursts and is turned off for 
control bursts. 

[0013] Similarly, the present invention recogniZes that 
When the channel quality is poor (noisy channels), error 
correction is likely to create more errors and misdetections, 
and thus deteriorate performance. But When channel quality 
is relatively good, error correction using CRC can signi? 
cantly improve performance in systems that have little or no 
error correction capability. 

[0014] The present invention recogniZes that a decoder 
may turn error correction using CRC on and off depending 
on the type of burst and channel quality. This makes the 
present invention more efficient When compared to current 
systems using a standard length CRC solely for error detec 
tion for both data and control bursts. For example, for a 
system that uses a standard 16-bit CRC, the present inven 
tion uses all 16 bits for both error detection and error 
correction. The amount of error correction varies, depending 
on the channel quality and the type of burst. In contrast, 
other systems use the same standard 16-bit CRC only for 
error detection, regardless of channel quality and type of 
burst. The present invention makes better use of the infor 
mation provided by CRC and accomplishes much more With 
the same number of CRC bits, Which in this example is 16. 

[0015] The present invention recogniZes that the accuracy 
of channel quality estimation is important to apply CRC for 
error correction. The present invention uses a composite 
channel quality estimation Which combines different chan 
nel quality estimates from various estimating methods. 

[0016] The present invention corrects random errors due 
to non-perfect timing effects in fading channels and resolves 
the error ?oor issue due to non-perfect radio frequency (RF) 
circuits. The present invention also minimiZes the process 
ing delay due to error corrections, minimiZes the amount of 
added hardWare needed to detect and correct errors Without 
losing any bandwidth efficiency, and controls the misdetec 
tion probability of frame errors. 

[0017] Differential coding, cyclic codes and CRC are 
explained in further detail in Digital Communications by 
John G. Prokais, 3d ed, McGraW-Hill Companies, Inc., 
1995, Error Control Coding by Shu Lin et al, Prentice-Hall, 
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Inc., 1983, and Mobile Communications Engineering by 
William C. Y. Lee, 2d ed, McGraW-Hill Companies, Inc., 
1998, respectively, Which are hereby incorporated herein by 
reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a transmitter and receiver in 
accordance With a preferred embodiment of the present 
invention. 

[0019] FIG. 2 illustrates the transmitter and receiver of 
FIG. 1 using an exemplary coding and modulation method. 

[0020] FIG. 3A illustrates an exemplary logic circuit for 
a decoder contained Within the receiver of FIG. 2. 

[0021] FIG. 3B illustrated a preferred embodiment of the 
decoder of FIG. 3A. 

[0022] FIG. 4 is an exemplary logic circuit for the error 
pattern detection circuit of FIG. 3. 

[0023] FIG. 5 is a How chart of the decoding method 
carried out by the circuit in FIG. 3. 

[0024] FIG. 6 is a How chart of a frame error check carried 
out by the circuit in FIG. 3. 

[0025] FIG. 7 illustrates the relationship betWeen prob 
ability of error misdetection With error correction and bit 
error rate. 

[0026] FIG. 8 illustrates the Bit Error Rate and Frame 
Error Rate versus signal to noise ratio betWeen systems With 
and Without error correction. 

[0027] FIG. 9A illustrates the differential coding regula 
tions for a 31/4 DQPSK system such as PHS. 

[0028] FIG. 9B illustrates a signal space diagram Which 
shoWs the location of the four decoded absolute phases for 
a 31/4 DQPSK system. 

[0029] 
[0030] FIG. 9D illustrates examples of three consecutive 
decoded absolute phases according to FIG. 9A in a noise 
free channel, their possible variations in a noisy channel, and 
their corresponding correctable error patterns. 

[0031] 
[0032] FIG. 10B illustrate examples of three consecutive 
decoded absolute phases according to FIG. 10A in a noise 
free channel, their possible variations in a noisy channel, and 
their corresponding correctable error patterns. 

[0033] 
[0034] FIG. 11B illustrate examples of three consecutive 
decoded absolute phases according to FIG. 11A in a noise 
free channel, their possible variations in a noisy channel, and 
their corresponding correctable error patterns. 

[0035] FIG. 12A is another signal space diagram. 

[0036] FIG. 12B illustrate examples of three consecutive 
decoded absolute phases according to FIG. 12A in a noise 
free channel, their possible variations in a noisy channel, and 
their corresponding correctable error patterns. 

FIG. 9C is a signal space diagram. 

FIG. 10A is another signal space diagram. 

FIG. 11A is another signal space diagram. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0037] FIG. 1 illustrates a method of packeting, coding, 
modulation, demodulation and decoding in accordance With 
the present invention. In general, a transmitter 110 encodes 
information and sends it across a communication channel 
104 to a receiver 112. The receiver 112 decodes the infor 
mation for reception. 

[0038] Speci?cally, the transmitter 110 ?rst uses a pack 
eting module 118 to packet control, voice and data bits into 
an information burst. The transmitter 110 then uses a cyclic 
redundancy check (CRC) encoder 100 to encode the infor 
mation bits into a code Word (also called a code vector or 
burst or frame) by generating check bits and adding these 
bits to the end of the information bits. A modulator 102 
converts the digital binary bits of the code Word to symbols 
(analog Waveforms that match the characteristics of the 
channel) Which differ in amplitude, phase, frequency or 
some combination. In modulation systems such as DQPSK 
and 31/4 DQPSK, tWo binary bits correspond to one symbol. 
See Digital Communications by John G. Prokais, 1995 and 
Personal Handy Phone System ARIB Standard, Version 2, 
pages 29-30, by the Association of Radio Industries and 
Businesses. The transmitter 110 sends this coded, modulated 
signal to a receiver 112. Within the receiver 112, a demodu 
lator 106 demodulates the signal from symbols to binary 
data, and a decoder 108 decodes the data. 

[0039] FIG. 2 illustrates the coding and decoding pro 
cesses of FIG. 1 in more detail using an exemplary coding 
and modulation method. In general, a transmitter 114 gen 
erates the CRC bits, adds the CRC bits to the end of the 
control and data bits to form a code Word, converts the code 
Word binary bits to symbols using a serial to parallel 
converter, and differentially encodes the symbols into sig 
nals using 313/4 QPSK. Speci?cally, each symbol is associated 
With a phase. Differential encoding relates to the change in 
phase betWeen tWo consecutive symbols. See Personal 
Handy Phone System ARIB Standard, Version 2, pages 
29-30, by the Association of Radio Industries and Busi 
nesses. For coherent and differential demodulation, if one 
phase is incorrect because of a transmission error, then there 
may be tWo symbol errors. 

[0040] The transmitter 114 sends the code Word across a 
channel 104 to a receiver 116. For eXample, the channel 104 
may be a fading channel or a channel With additive White 
Gaussian noise (AWGN). The receiver 116 differentially 
decodes the code Word sent by the transmitter 114, converts 
the symbols to bits using a parallel to serial converter, and 
uses the CRC bits to detect and correct errors that occurred 
during transmission. 

[0041] When the channel 104 contains noise or interfer 
ence, the coded, modulated signal contains transmission 
errors. In coherent demodulation, the demodulator 106 
makes a ‘phase decision error’ When it attempts to determine 
(guess) What phase is received, i.e. match the received phase 
With a knoWn phase. In differential demodulation, the 
demodulator 106 makes a symbol (or difference in phase) 
decision error When it attempts to determine (guess) What 
symbol (or difference in phase) is received, i.e. match the 
received symbol With a knoWn symbol. For eXample, if the 
phase received by a decoder 108 in a 31/4 DQPSK system 
using coherent demodulation is 31/3, the decoder 108 Will 
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assume the true transmitted signal is 31/4 because 313/4 is the 
closest to 31/3 than the other phases (375/4, —J'c/4, —3J'|§/4). 

[0042] In differential phase shift-keying (DPSK), 
demodulation of differentially encoded PSK signals does not 
require estimation of the carrier phase. The received signal 
is compared to the phase of the received signal from the 
preceding signalling interval. In other Words, symbols are 
represented as the relative changes in phase rather than an 
absolute phase. 

[0043] Because of the nature of differential encoding and 
decoding, any single demodulation error may cause tWo 
adjacent symbol errors. These decision errors are carried 
over When the demodulator 106 converts the symbols to 
binary data for the decoder 108. As discussed above, each 
symbol translates into tWo information bits. Thus, one phase 
decision error causes tWo symbol errors, Which in turn 
causes a four bit error pattern because of the one symbol to 
tWo bits ratio. 

[0044] The amount and quality of error detection and 
correction depends on the type of CRC used. For eXample, 
a standard 16-bit CRC can detect all single and double bit 
errors and all errors as a result of odd parity in blocks of any 
practical length. As for error correction, a 16-bit CRC With 
a minimum distance of 4 can correct 1-bit errors and 
double-adjacent bit errors. 

[0045] In revieWing four-bit error patterns for a differen 
tial encoding system using 313/4 QPSK and coherent demodu 
lation, it Was discovered that there are four four-bit error 
patterns covering most correctable error patterns Which can 
be corrected using CRC. 

[0046] The four error patterns used in the preferred 
embodiment of the present invention Will noW be explained 
With reference to FIGS. 9A-12B. FIG. 9A illustrates the 
differential coding regulations for a 31/4 DQPSK system such 
as PHS. See Personal Handy Phone System ARIB Standard, 
Version 2, page 30, Table 3.4, by the Association of Radio 
Industries and Businesses. The last column in FIG. 9A is the 
change in phase betWeen consecutive phases for coherent 
demodulation. For eXample, for tWo consecutive bits of 00 
to be encoded, the corresponding phase difference is 31/4. 
FIG. 9B is a signal space diagram Which shoWs the location 
of the four decoded absolute phases for a 31/4 DQPSK 
system. FIG. 9C is a signal space diagram With every 313/4 
interval arbitrarily labelled 0, 1, 2‘, 1‘, 2“, 2“‘, 1“, and 2““. 
For eXample, a transition from 0 to 1‘ in FIG. 9C Would be 
a phase change of 375/4, and the corresponding bits Would be 
01 according to FIG. 9A. 

[0047] In FIG. 9D, the ?rst entry (0, 1, 2‘) is an eXample 
of three consecutive decoded absolute phases in a noise-free 
channel. (0, 1, 2‘) correspond to the absolute phases 0, 31/4, 
and 31/2 in FIG. 9C. The phase difference betWeen each 
consecutive absolute phase is 31/4, and the corresponding bits 
decoded are 0000 based on the table in FIG. 9A. If the same 
three demodulated absolute phases in a noisy channel are 
detected as (0, 1‘, 2‘), then the phase differences betWeen the 
consecutive absolute phases are 375/4 and —J'|§/4 (the phase 
difference from 0 to 1‘ is 375/4, and the phase difference 
betWeen 1‘ and 2‘ is —J'l§/4). According to FIG. 9A, 375/4 and 
—J'|§/4 correspond to a bit pattern of 0110. Thus, the decoder 
108 at the receiver 112 assumes that the transmitter 110 sent 
a bit pattern of 0110 When the actual transmitted bit pattern 
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Was 0000. Therefore the bit error pattern is 0XXO because 
the tWo middle bits in 0110 are in error. The X’s represent 
the bits that are in error, and the 0’s represent the bits that 
are not in error. Similarly, if the decoder 108 detects (0, 1“, 
2‘), the corresponding decoded bits are 1001, and the bit 
error pattern is XO0X, as shoWn in FIG. 9D. 

[0048] In the present invention, only the last four (right 
most) bits of a 16-bit CRC shift register are used for error 
correction. The ?rst tWelve bits of the shift register are 
presumed to be Zero during error correction. Thus, in the 
description beloW, an error pattern of 000X can be expressed 
as X, 0X, 000X or 000000000000000X for a 16-bit CRC. 
Similarly, an error pattern of 00XX can expressed as XX, 
00XX or 00000000000000XX. 

[0049] Although there is a possibility that the second 
received absolute phase is 1“‘ in a detected sequence (0, 1“‘, 
2‘), the resulting bit error pattern Would be 1111 or XXXX. 
This error pattern is an unlikely pattern, and Wherever it 
appears, it indicates there are too many errors in one frame 
to correct. In the present invention, a channel quality indi 
cator (not shoWn) Would report that the frame containing (0, 
1“‘, 2‘) is an uncorrectable frame and disable the error 
correction module 206 to correct errors. The decoder 108 
Would discard the uncorrectable frame or request the trans 
mitter to retransmit. 

[0050] In FIG. 9D, there are three more examples of three 
consecutive decoded absolute phases in a noise-free chan 
nel, represented as (0, 1, 2“), (0, 1, 2“‘) and (0, 1, 2““) and 
their possible variations in a noisy channel. The correctable 
bit error patterns corresponding to each example are listed in 
the righthand column. FIGS. 10A, 10B, 11A, 11B, 12A and 
12B are similar to FIGS. 9C and 9D. FIGS. 10A, 10B, 11A, 
11B, 12A and 12B illustrate more examples of three con 
secutive decoded absolute phases in a noise-free channel, 
their possible variations in a noisy channel, and their cor 
responding correctable error patterns. 

[0051] Based on FIGS. 9A-12B, it Was discovered that 
there are four four-bit error patterns that cover most cor 
rectable error patterns using CRC. As shoWn in FIGS. 
9A-12B, these correctable error patterns are XOX0, 0XOX, 
0XXO and XO0X. The present invention further recogniZed 
that the error patterns could be 0X or X0 because an error 
may occur right before the ?rst valid symbol or the last valid 
symbol in a frame. Using error trap properties of error 
correction algorithm, the present invention recogniZed that 
the error patterns 000X, XOX0, 0XOX, 0XXO and XO0X can 
be simpli?ed and grouped as 000X, 00XX, 0XOX, and 
XO0X. These last four error patterns make the error pattern 
detection circuit of the present invention more ef?cient. 
OtherWise, the error detection circuit Would have to detect 
and correct all correctable error patterns that are in accor 
dance With the present invention, such as X000, 0X00, 
00X0, 000X, XX00, 0XXO, 00XX, XOX0 and 0XOX. One of 
ordinary skill in the art Will appreciate that error patterns of 
X000, 0X00, 00X0 are simply cyclic shifts of 000X. The 
?rst tWelve bits of the 16-bit CRC are presumed to be Zeroes 
as Well. Similarly, XX00 and 0XXO are cyclic shifts of 
00XX. And XOX0 is a cyclic shift of 0XOX. 

[0052] Similarly, error patterns of 000X, 00XX, 0XOX, 
and XO0X can be used for a differentially encoded QPSK 
system. Thus, for a differential encoding system using 
QPSK or 313/4 QPSK and coherent demodulation, the most 
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ef?cient, correctable four-bit error patterns are 000X, 00XX, 
0XOX and XO0X. For a differential encoding system using 
BPSK and coherent demodulation, the most ef?cient, cor 
rectable error patterns are found to be 0X and XX. 

[0053] In 313/4 DQPSK systems With differential demodu 
lation of signals, demodulation is different from coherent 
demodulation. Focusing on only the demodulated signal 
phases, the difference betWeen tWo consecutive signal 
phases are decoded, rather than the differential decoding of 
tWo consecutive decoded phases in coherent demodulation. 
For differential demodulation, the present invention found 
the folloWing correctable bit error patterns: X000, 0X00, 
00X0, 000X, 0XXO, 0XOX, XOX0, and XO0X. For error 
correction, these error patterns can be grouped as 000X, 
00XX, 0XOX, XO0X, similar to a coherent demodulation 
system described above. These four error patterns can be 
also used for a DQPSK case. For a BPSK system With 
differential encoded and differential demodulation, the cor 
rectable error patterns are found to be 0X and XX. 

[0054] In summary, the present invention recogniZed that 
for a BPSK system With differential encoding and either 
coherent or differential demodulation, the correctable bit 
error patterns are 0X and XX. For a QPSK or 313/4 QPSK 
system With differential encoding and either coherent or 
differential demodulation, the error patterns for correction 
are 000X, 00XX, 0XOX and XO0X. 

[0055] In a preferred embodiment, an error location mod 
ule is added to reduce false correction probability and to 
decide if a particular error pattern needs correction. For 
example, for a 31/4 QPSK system With differential encoding 
and either coherent or differential demodulation, if a bit error 
pattern of 00XX comes from one decoded symbol rather 
than tWo consecutive symbols, error correction should not 
be performed. For a 31/4 QPSK system With differential 
encoding and coherent demodulation, if a bit error pattern of 
000X does not come from the ?rst or last decoded symbol, 
error correction should not be performed. 

[0056] The error detection and correction process Will noW 
be described With reference to FIG 2. In FIG. 2, an encoder 
100 in the transmitter 114 generates CRC bits using a 
generator polynomial, The encoder 100 then represents 
the information bits as coefficients of a message polynomial 

For example the data bits (1011) Would be represented 
as: 

[0057] In accordance With cyclic encoding in systematic 
form (the rightmost k bits of each code Word are unaltered 
information bits and the leftmost n—k bits are check bits), the 
encoder 100 then multiplies u(x) by xn_k, With ‘n’ being the 
total number of bits in a cyclic code, and ‘k’ being the 
number of data or control bits. Thus, n—k is equal to the 
number of parity bits appended to the end of the data bits. 

[0058] In shortened cyclic codes With 16 CRC bits, n is 
very large. In one embodiment, for example, n=215—1=32, 
768—1=32,767. The variable ‘L’ can be de?ned such that n—L 
is the length of an encoded burst. The length of an encoded 
traffic burst is 196 bits, and n—L=196. The length of an 
encoded control burst is 124 bits, and n—L=124 for an 
encoded control burst. 
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[0059] Next, the encoder 100 divides Xn_1?1(X) by a spe 
ci?c generator polynomial g(X), depending on the system 
speci?cations. The remainder b(X) of this division represents 
the check bits Which are appended to the end of the infor 
mation bits. In one form of shortened cyclic coding, as used 
in the present invention, b(X) represents the cyclic redun 
dancy check (CRC) bits. Thus, from 

[0061] The transmitter 114 converts the code Word bits to 
symbols using a serial to parallel converter, and differen 
tially encodes the symbols using 313/4 QPSK. 313/4 QPSK is 
knoWn in the art and described further in Mobile Commu 
nications Engineering by William C. Y. Lee, 2d ed, 
McGraW-Hill Companies, Inc., 1998. 

[0062] At the receiver 116, a demodulator 106 differen 
tially decodes the code Word using 313/4 QPSK and converts 
the symbols to bits using a parallel to serial converter. The 
decoder 108 generates a ‘syndrome’ s(X), Which is the 
remainder of the received code Word r(X) divided by the 
same generator polynomial g(X) used by the encoder 100 at 
the transmitter 114. The syndrome calculated at different 
shifts of the code Word r(X) gives an indication of Whether 
a transmission error occurred and Where the error is in the 
received code Word The decoder 108 cyclically shifts 
the syndrome ‘L’ times (due to the shortened cyclic coding) 
to generate a proper syndrome for decoding the ?rst received 
bit. The decoder 108 then attempts to associate an error 
pattern With the syndrome. The decoder 108 of the present 
invention corrects a detected error using the CRC bits if 
certain criteria are satis?ed, such as channel quality detected 
to be above a programmable threshold. 

the transmitted code Word or vector is 

[0063] The method and apparatus described above may be 
used in a number of Wireless, digital communication sys 
tems. The apparatus is particularly suited for a system that 
uses differential coding and either differential or coherent 
demodulation With error detection employing CRC. An 
exemplary use of the error correction system of the present 
invention is in a Personal Handy Phone System (PHS). The 
PHS system is a Time Division DupleXing (TDD) system, 
Which uses one frequency for both transmission and recep 
tion on a time-sharing basis. See Personal Handy Phone 
System ARIB Standard, Version 2, by the Association of 
Radio Industries and Businesses. The standard PHS phone 
system only uses CRC for error detection, but does not 
perform any error correction. The present invention can be 
bene?cial even on the mobile unit side alone because it can 
use currently provided CRC codes to add some correction 
capabilities to the mobile unit for the signal being received. 

[0064] In the PHS system, there are 220 bits in a standard 
burst. A standard burst comprises a 2-bit start symbol (SS), 
a 6-bit or 62-bit preamble (PR), a 16-bit or 32-bit unique 
Word (UW), 108 or 180 data bits (control signals or voice 
data), and a 16-bit CRC. For a control burst, k-L=108, 
n—L=108+16=124, and the total number of encoded burst 
(data plus CRC bits) is 124. For a traffic burst, k-L=180, 
n—L=180-16=196, and the total number of encoded burst 
(data plus CRC bits) is 196. Thus, n—k=16. The PHS system 
uses a series to parallel converter, differential coding With 
313/4 QPSK and a generator polynomial g(X)=1+X5+X12+X16. 
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[0065] The error correction process of a preferred embodi 
ment in an exemplary differential coding and coherent 
demodulation system (PHS) Will noW be described With 
reference to FIGS. 2 through 4. If the initial values of the 
syndrome shift register in the encoder 100 are all set to 0, 
thnein the CRC bits b(X) is obtained by multiplying u(X) by 
X and dividing by g(X): 

xniku(x)=au(x)g(x)+b(x). 

[0066] According to the PHS speci?cations, the initial 
values of the syndrome shift register in the encoder 100 are 
all set to 1. Thus, the contents of the initial syndrome register 
of the encoder 100 can be represented as a polynomial: 

[0067] For a shortened cyclic code, such as CRC, the 
encoder 100 cyclically shifts the contents of the syndrome 
registers k-L times to calculate a syndrome b“(X) after k-L 
shifts: 

[0068] Here, b“(X) represents the contents of the syndrome 
register before any information bits enter the encoder 100. In 
cyclic coding, the quotients aO(X), a1(X), a“(X), etc. are often 
of no interest and are discarded by both the encoder and the 
decoder. The remainders b(X), b“(X), s(X), p(X), are the only 
polynomials used in coding and decoding. In the folloWing 
equations, the quotients a1(X), a2(X), a3(X), etc. are only used 
to represent some function of X multiplied by g(X) (ie a 
factor or multiple of Which are ultimately discarded. 

[0069] The k-L information bits to be transmitted may be 
represented by 

u(x)=uD+u1x+u2x2+ . . . uk’L’lxk’L’l. 

[0070] The transmitted code Word t(X) is then 

t(x)=b"(x)+b(x)+x“’ku(x) 
=lu(x)+b"(x) 

[0071] Where tO(X)=b(X)+X“_1?1(X), and n-k in the PHS 
system is 16. The sum b“(X)+b(X) represents the CRC bits 
transmitted along at the end of the information bits in 
systematic form X“_1?1(X). 

[0072] If no errors appear, then the received code Word 
r(X) at the receiver 116 is 

=r0(x)+b "(x) 

[0073] Where r0(X)=b(X)+Xn_ku(X). For a shortened cyclic 
code, the decoder 108 must cyclically shift the contents of 
the shift register ‘L’ times to generate a proper syndrome 
s(“_k+L)(X) for decoding the ?rst received bit r(n—L—1). This 
can be represented as 

X"’k+Lr(X)=a1(X)g(X)+S(“’k+L)(X)- (1) 

[0074] The eXtra ‘L’ shifts can be eliminated, hoWever, by 
modifying the connections of the syndrome register to 
divide X”k+L by 

)9”k+L=a2(X)g(X)+P(X) (2) 

[0075] Where p(X) is the remainder of X“k+L divided by 
Substituting a2(X)g(X)+p(X) from equation (2) into 

equation (1) for XIHGL results in 














