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A method and System for the transmission, reception, and 
processing of 4-level and 8-level Signaling Symbols is pro 
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modulation when modulating 4-level Signaling Symbols 
using an 8-level modulator, where the 4-level modulation 
represents the 4-level Symbol Sequence modulated. Further, 
a constrained/unconstrained demodulator is provided which 
is able to demodulate both 4-level Signaling Symbols and 
8-level signaling symbols. The inventive demodulator 

(76) Inventors: Paul W. Dent, Pittsboro, NC (US); 
Rajaram Ramesh, Cary, NC (US) 

Correspondence Address: 
COATS & BENNETT, PLLC 
PO BOX 5 
RALEIGH, NC 27602 (US) 

accomplishes this bv limiting the number of new SVmbol 
(21) Appl. No.: 10/397,492 SOE and th Nois to 4 when wn with 
(22) Filed: Mar. 26, 2003 4-level Signaling Symbols, and Setting the number of new 

Symbol hypotheses and path histories to 8 when working 
Related U.S. Application Data with 8-level Signaling Symbols. Additionally, an error cor 

rection decoder is provided which is also able to decode a 
(62) Division of application No. 09/222,617, filed on Dec. demodulated signal which contains both 4-level and 8-level 

29, 1998, now Pat. No. 6,567,475. Signaling Symbols. The inventive error correction decoder 
accomplishes this by utilizing an interleaver that only places 
bits in the 2-bit positions of the 3-PSK Soft values that 

Publication Classification correspond to the 2-bits of QPSK to decode 4-level signal 
ling Symbols, and utilizing an interleaver that places bits in 

(51) Int. Cl. .................................................. H04L 27/20 all three of the possible bit positions of a symbol to decode 
(52) U.S. Cl. .............................................................. 375/308 8-level Signalling Symbols. 

----- - - - - - - - 
- - - - - - - - - - -3 

75 N 000) Q0) 
OO(l OO(l 
19 1015 
IOO 199) 10 (0) 
1 (1 1(1) 
911 Ol O1(O O1 (O 

- as - - - - - - - 

Ol 377 

1OO 

ALRANSTONS 1 O 
ALLOWED FOR 8-PSK 

Ol 

O1 

  



US 2004/0001561 A1 

GZ |OZI5 \ \ 

!- ONISSHOO?id TVNOIS 

Jan. 1, 2004 Sheet 1 of 19 

~– OO | 

Patent Application Publication 

  

  

  

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 2 of 19 

  

  

  

  

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 3 of 19 Patent Application Publication 

2. º) { 

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 4 of 19 Patent Application Publication 

  



Patent Application Publication Jan. 1, 2004 Sheet 5 of 19 US 2004/0001561 A1 

s s 

SSSSE35 

YaY-1N1/nl/n/nl/n/ 

SSSS-iss 

&aaaaaa 
SS39-iss ------- - 
( 
Q 

ry 

  

  



Patent Application Publication Jan. 1, 2004 Sheet 6 of 19 US 2004/0001561 A1 

38O 
RecclivinA N 
-level r 

synbel to b-e- 
nodulated 

Apps & the 
generated b 

in 2 bits of 
f.4-letely 
syr bo reb 
firmia A 
2-level." 

FIG (e. 

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 7 of 19 Patent Application Publication 

|JLOTS VWOLI. HNO| ORHOAAONL?S HOOVX 'OIHHVH-L (HEST)OOACÍO OIHHVALI, MEISTIHOOVS CI?OWAONAS 

a L º [+ 

  



g º l = 

US 2004/0001561 A1 

STWNDIS TOXILNOO TVNHH LNI 

GIN V HEAVETHELLNIHCI 

do H† ? (IHC1O08C] HOWSSEW ONITTVNOIS 
hOH. 

Patent Application Publication 

    

  

  

  



OLH 
THCIOWI THNNYHO 

US 2004/0001561 A1 

¿CALVAIVAIWOO|- 

1. 

Jan. 1, 2004 Sheet 9 of 19 

y a v TOHINOO ! 

, ISH8. JOHTHS CIN?V (HOSSHOEICTH?Hd OTHAAOTTIV ÄRIHAH |(L}}}}}}}}}}}e= 
Patent Application Publication 

  

  

  

  

  

  





US 2004/0001561 A1 Jan. 1, 2004 Sheet 11 of 19 Patent Application Publication 

anh ^ 

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 12 of 19 Patent Application Publication 

Yo Lynn qaw? Q. 

  

  

  

  

  

  

  

  



Patent Application Publication Jan. 1, 2004 Sheet 13 of 19 US 2004/0001561 A1 

Receivil a transite 
sig ra 

/r 5- O 
Restrich tke 
Possible levels for 
a receive stral to 
a set of levels 

- 5-5 
restries fke poeble be hermity which 
levels a feceive level ouh Pt 
signal to a set of- r levels is 

A. 
9 taves p X 

55O 
betterainia luck. fo d vuca, soft 
euel out Fre H-level s alia 
3 levels is present Symbol dee-isions 

555 toa. Cei soft 
9-level servalli 
sy Alool decisioa 

- G 3 

  

  

  

      

    

  

  

  

  

  

  

  

  

  

    

  

  

    

  



Patent Application Publication Jan. 1, 2004 Sheet 14 of 19 US 2004/0001561 A1 

Recew As 
A S (Grau A. 

OO FIG - 

b. 5 

Dea DV - 7 AVGr Deuobvlanut 
As t-live S sewe 
Moah's r Modulafiu Y 

a 2-2 
egrerate efog. 

coaRaenow DeCobia 
dAv 3-level Sasols 
Aal de ea?t fav tu- M. 
2 ad curl TV FACTDC. 

Performan 
6 for Correchism Dee 
on s-level symbols 
Aria heteam inves at is 
avMility FATC 

Deatoovate Recalved 
st varu. AS --Level 
Mosul. At thoau. 

35 
DeMobvre-Receives Pe. FoRM Né 
StGAA. AS 8-level eRof CoRReagau 
MoW from. becats rug oa -level 

Symbals 

55 
peAPorAll& e-ea ofg D 
Ca?Aaenaw Ecobius 2.É.a 

Av 3 elee swalls demicWLArt 
SY1 e o S As 4-level. Mauro 

e6O S 
stseajail. A 
eror OF 
his DeAgovlatz 

As 8-val 
MV Atlaw. 

  

  

  

      

  

  

  

  

  

  

    

  

  

    

    

    

  

    

    

    

  

  

  

  

  

  

  

  

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 15 of 19 Patent Application Publication 

??Jed puZ Á?Jed 1s I 

  

  

  

  

  



US 2004/0001561 A1 Jan. 1, 2004 Sheet 16 of 19 Patent Application Publication 

2S4/2 naaa1-8 

  

  



Patent Application Publication Jan. 1, 2004 Sheet 17 of 19 

Releevi 
stral 

Perfora, 
decodu 

Perodia's te 
received- simil aS 
2- eu e Moulatio y 
And advac Bihw is 
safr 

error Cannee Air 
era 

OO 
ea 

O 

asy 

assuoia that level 
s fedua on S 
prent had 

first of its futi. 

rform 
deco 

Father. 

PG |7 

m error Cofree bro 
a tade?. A 2nd 

a sum in a 9-lovel 
howlation is presi 

aa determai 
vah's ryu . . . . 

attermiai E. 
tw. Firs am 1 
aeda - 5 val f 

92 O 

a rer 

act - "O er . 

a M. 

US 2004/0001561 A1 

      

  



US 2004/0001561 A1 

-— 

Jan. 1, 2004 Sheet 18 of 19 

hhz 9)Bu?uu 191/9nu?uoo 

Patent Application Publication 

  

  

  

  

  

    

  



Patent Application Publication 

sir al 
R cesium o 

illero was 2s 
3- eve multaf M 

setti the possible 
simility symbols for 
N- aleMaalls ?ece 
SA-aue ge set of 

bef-?trial lieu 
savallis, at M be out 

P. f. set of 8 
possibilities is present 

Jan. 1, 2004 Sheet 19 of 19 

4. 

deteria; 

F. G. 

settle le possile 
twalls, 9 a bols for 
hileael he/ ?ease 
anal to a set of 

whilu . 
Arai A. out of 
e st-flagssibilities 
is prese at 

US 2004/0001561 A1 

90 

to 50 

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  



US 2004/0001561 A1 

METHOD AND SYSTEM FOR THE 
TRANSMISSION, RECEPTION AND PROCESSING 

OF 4-LEVELAND 8-LEVEL SIGNALING 
SYMBOLS 

FIELD OF THE INVENTION 

0001. This invention relates to the transmission and 
reception of digital data over radio links, and more particu 
larly, to the transmission and reception of 4-level and 8-level 
Signaling Symbols according to prevailing conditions So as 
to achieve a greater data rate when conditions allow. 

BACKGROUND OF THE INVENTION 

0002. In a typical cellular telephone system, speech com 
pression is used in order to accommodate as many mobile 
users as possible within the Spectrum allocated to any 
particular operator. Speech compression involves a tradeoff 
between the total number of users that can be served by the 
System, and the Speech quality delivered by the System. 
Where leSS Speech compression is used, a better Speech 
quality is achieved; however, leSS users can be served by the 
System. Where a greater amount of Speech compression is 
used, the total number of users that can be served by a 
System is increased; however, the Speech quality is 
degraded. Similarly, there is a tradeoff between the quality 
of a data communication Service and the number of users 
that can be accommodated by the Service. The quality of a 
data Service may be measured in terms of the time required 
to transfer a data file. Thus, using a higher bit rate may 
Succeed in completing data transfer faster, thereby leading to 
increased quality of data communications; however, other 
users are then prevented from using the Spectrum at the same 
time. Additionally, the number of users that can be accom 
modated in the Spectrum may be increased; however, the 
quality of data communications is degraded. Thus, an 
improved system would be one which is able to use less 
Speech compression or use a higher bit rate to transmit data, 
without reducing the number of users that can be accom 
modated by the System. 
0003. Further, in a cellular telephone system, a transmit 
ted Signal may travel from a transmitter to a receiver over 
multiple paths, for example, a direct path and one or more 
reflected paths. In digital cellular phone Systems, an equal 
izer and an error correction decoder are used to process the 
received signal which may have traveled over multiple 
paths. In Situations where the received signal contains two 
modulation types, for example, 4-level modulation and 
8-level modulation, two equalizers and two error correction 
decoders are required to process the received Signal, where 
the first equalizer and first error correction decoder are 
Suitable for processing 4-level modulation and the Second 
equalizer and Second error correction decoder are Suitable 
for processing 8-level modulation. This increases the hard 
ware cost of a cellular Station Since multiple equalizers and 
error correction decoders are required. Furthermore, in a 
field where products are being manufactured increasingly 
Smaller for convenience, the user of multiple equalizers and 
error correction decoderS require greater printed circuit 
board (PCB) real estate, resulting in a physically larger 
product than cellular Stations using only one equalizer and 
error correction decoder. 

0004. The present invention is directed to overcoming 
one or more of the problems discussed above in a novel and 
Simple manner. 
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SUMMARY OF THE INVENTION 

0005. In accordance with the invention, there is disclosed 
a method and system for the transmission of both 4-level and 
8-level Signalling Symbols using an 8-level modulator. There 
is further disclosed a method and System for demodulating 
and error correction decoding a signal containing both 
4-level and 8-level modulation. 

0006. It is an object of the present invention to provide a 
method for modulating 4-level Signaling Symbols using an 
8-level modulator, where the method comprises receiving 
4-level Signaling Symbols to be modulated, where each 
4-level Signaling Symbol contains 2-bits of information. The 
method further includes expanding the 4-level Signaling 
Symbols into eight-level Signaling Symbols, where each 
8-level signaling symbol contains 3-bits of information. The 
method further includes modulating the 8-level Signaling 
symbols. 

0007. In a preferred embodiment, the step of expanding 
the 4-level Signaling Symbols into 8-level Signaling Symbols 
includes manufacturing a third bit for each 4-level Signaling 
symbol and appending the third bit to the 2-bits of infor 
mation. In this preferred embodiment, the third bit is the 
exclusive-OR of the 2-bits. In another preferred embodi 
ment, the method includes performing a progressive 45 
phase shift between a modulation of consecutive Symbols. In 
a further preferred embodiment, modulating and expanding 
4-levels signaling symbols with the 8-level modulator 
causes the 8-level modulator to produce 4-level modulation. 
In a yet further embodiment of the invention, the 4-level 
Signaling Symbols are a Subset of the 8-level Signaling 
symbols. In another preferred embodiment of the invention, 
the method includes the Step of Sending an indication Signal 
indicating which of expanded 4-level Signaling Symbols and 
8-level Signaling Symbols are being transmitted. 

0008. It is another object of the present invention to 
provide a method for demodulation of a received signal 
containing at least one of 4-level modulation and 8-level 
modulation where the method includes demodulating the 
received Signal under a first assumption that the received 
Signal contains 4-level modulation and determining a value 
of a first quality factor by performing error correction 
decoding on Symbols modulated under the first assumption. 
The method further includes demodulating the received 
Signal under a Second assumption that the received signal 
contains 8-level modulation and determining a value of a 
Second quality factor by performing error correction decod 
ing on Symbols modulated under the Second assumption. 
Additionally, the method determines a received modulation 
present in the received signal using the first and the Second 
quality factors, and demodulates the received signal as the 
received modulation. 

0009. In a preferred embodiment, the step of determining 
from the first and Second quality factors may be performed 
before the demodulation under the first and the second 
assumptions is completed. In a further preferred embodi 
ment, the first and Second quality factors are determined 
using metrics generated by an error correction decoder. 
0010. It is another object of the invention to provide a 
method for demodulating a received signal containing at 
least one of 4-level modulation and 8-level modulation, 
where the method determines whether 4-level modulation or 
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8-level modulation is present in the received signal. The 
method continues by operating a demodulator in a con 
Strained 4-level demodulation mode by restricting possible 
levels for the received Signal to four levels, determining 
which level out of the four levels is being received, and 
producing 4-level Signaling Symbol decisions having 2-bits 
each if it is determined that 4-level modulation is present. If 
however, it is determined that 8-level modulation is present 
in the received signal, the method continues by operating the 
demodulator in an unconstrained 8-level demodulation 
mode by determining which level out of 8 possible levels is 
being received, and producing 8-level Signaling Symbol 
decisions having 3-bits each. 
0011. In a preferred embodiment, the step of determining 
whether 4-level modulation or 8-level modulation is present 
includes the Step of receiving an indication signal indicating 
whether 4-level modulation or 8-level modulation is present 
in the received signal. In a further preferred embodiment, the 
indication Signal is transmitted using at least one of a 
SYNCWORD, a CDVCC, and a FACCH message. In a 
further preferred embodiment, the Step of determining 
whether 4-level modulation or 8-level modulation is present 
includes the Step of using a predetermined transmission 
format to determine whether a 4-level Signaling Symbol or 
an 8-level Signaling Symbol is present in the received signal. 

0012. It is another object of the invention to provide a 
method for decoding a received signal containing at least 
one of 4-level Signaling Symbols and 8-level Signaling 
Symbols, the method comprises receiving a signal, demodu 
lating the received signal as 8-level modulation, and deter 
mining whether 4-level Signaling Symbols or 8-level signal 
ing Symbols are present in the received Signal. If it is 
determined that 4-level Signaling Symbols are present in the 
received signal, the method operates an error correction 
decoder in a constrained 4-level decoding mode and pro 
duces 4-level Signaling Symbol decisions having 2-bits each. 
If it is determined that 8-level Signaling Symbols are present 
in the received signal, the method operates the error correc 
tion decoder in an unconstrained 8-level mode and produces 
8-level Signaling Symbol decisions having 3-bits each. 

0013 In a preferred embodiment, the step of determining 
whether 4-level Signaling Symbols or 8-level Signaling Sym 
bols are present further includes the Step of receiving an 
indication signal indicating whether 4-level Signaling Sym 
bols or 8-level Signaling Symbols are present in the received 
Signal. In a further preferred embodiment, the Step of 
determining whether 4-level Signaling Symbols or 8-level 
Signaling Symbols are present further includes the Step of 
using a predetermined transmission format to determine 
whether 4-level Signaling Symbols or 8-level Signaling Sym 
bols are present in the received signal. In another preferred 
embodiment, the Step of decoding the received signal in the 
unconstrained 8-level mode includes removing a third bit 
from the 3-bits of the 8-level signaling symbol decision. 

0.014. It is another object of the invention to provide a 
method for decoding a received signal containing at least 
one of 4-level Signaling Symbols and 8-level Signaling 
Symbols, where the method comprises receiving a signal, 
demodulating the received signal as 8-level modulation, and 
performing error correction decoding under a first assump 
tion that 4-level Signaling Symbols are present in the 
received signal and determining a first quality factor. The 
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method continues by performing error correction decoding 
under a Second assumption that 8-level Signaling Symbols 
are present in the received signal and determining a Second 
quality factor. The method then performs the step of deter 
mining a received modulation in the received signal using 
the first and the Second quality factors, and decodes the 
received signal as the received modulation. 
0015. In a preferred embodiment, the step of determining 
from the first and Second quality factors may be performed 
before the decoding under the first and the Second assump 
tions is completed 
0016. It is another object of the invention to provide a 
System for modulating 4-level Signaling Symbols using an 
8-level Signaling Symbol modulator, where the System com 
prises a processor for processing information into a plurality 
of 4-level signaling Symbols to be modulated. The System 
also includes an expander coupled to the processor for 
expanding the plurality of 4-level Signaling Symbols each 
containing 2 bits of information to expanded 8-level signal 
ing Symbols each containing 3-bits of information. The 
system further includes an 8-level modulator coupled to the 
expander for modulating the expanded 8-level Signaling 
symbols. 
0017. In a preferred embodiment, the system applies a 
progressive 45 phase shift between the modulation of 
consecutive symbols. In a further preferred embodiment of 
the System, the 4-level Signaling Symbols are a Subset of the 
expanded 8-level Signaling Symbols. In another preferred 
embodiment of the invention, the 8-level modulator pro 
duces 4-level modulation when modulating the expanded 
8-level Signaling Symbols. 

0018. It is yet another object of the invention to provide 
a System for demodulating a received signal containing at 
least one of 4-level modulation and 8-level modulation, 
where the System comprises a receiver for receiving the 
received signal, and a demodulator coupled to the receiver. 
The demodulator operates under at least one of a first 
assumption that the received signal contains 4-level modu 
lation, and a Second assumption that the received signal 
contains 8-level modulation. If the demodulator is operating 
under the first assumption that the Signal contains 4-level 
modulation, the demodulator operates as a constrained 
demodulator by restricting the possible levels of the received 
Signal to a set of four levels, determining which level out of 
the four levels is received, and producing 4-level Signaling 
symbol decisions having 2-bits each. If the demodulator is 
operating under the Second assumption that the received 
Signal contains 8-level modulation, the demodulator oper 
ates as an unconstrained demodulator by restricting possible 
levels of the received signal to a set of eight levels, deter 
mining which level out of the eight levels is received, and 
produces 8-level Signaling Symbol decisions having 3-bits 
each. 

0019. In a preferred embodiment, the system may further 
include a first error correction decoder coupled to the 
demodulator and a Second error correction decoder coupled 
to the demodulator, where the first error correction decoder 
decodes the 4-level Signaling Symbol decisions when the 
demodulator is operating under the first assumption, and the 
Second error correction decoder decodes the 8-level signal 
ing Symbol decisions when the demodulator is operating 
under the Second assumption. In a further preferred embodi 
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ment, a controller is coupled to the first and the Second error 
correction decoders and to the demodulator where the first 
error correction decoder determines a first quality factor, the 
Second error correction decoder determines a Second quality 
factor, and the controller uses the first and the Second quality 
factors to determine whether 4-level modulation or 8-level 
modulation is present in the received signal. If the controller 
determines that 4-level modulation is present, the controller 
directs the demodulator to operate as the constrained 
demodulator, and if the controller determines that 8-level 
modulation is present, the controller directs the demodulator 
to operate as the unconstrained demodulator. In yet another 
further preferred embodiment, a controller is coupled to the 
demodulator where the controller determines whether 
4-level modulation or 8-level modulation is present in the 
received signal by using at least one of an indication Signal 
within the received signal and a predetermined transmission 
format. 

0020. It is another object of the invention to provide a 
System for decoding a signal containing at least one of 
4-level modulation and 8-level modulation, where the sys 
tem comprises a receiver for receiving a signal, and a 
demodulator coupled to the receiver for demodulating the 
Signal as 8-level modulation. The System also includes an 
error correction decoder coupled to the demodulator for 
operating as at least one of a constrained 4-level mode for 
performing error correction under a first assumption that 
4-level Signaling Symbols are present in the Signal, and an 
unconstrained 8-level mode for performing error correction 
decoding under a second assumption that 8-level signaling 
Symbols are present in the Signal. 
0021. In a preferred embodiment, the system comprises a 
controller coupled to the error correction decoder wherein 
the error correction decoder determines a first quality factor 
when operating under the first assumption, and a Second 
quality factor when operating under the Second assumption, 
and the controller determines a received modulation from 
the first and the second quality factors. The controller then 
Sends a control Signal to the error correction decoder to 
decode the Signal as the received modulation. In another 
preferred embodiment of the invention, the error correction 
decoder removes a third bit from the 3-bits created by the 
demodulator when performing error correction decoding 
under the Second assumption. In a further preferred embodi 
ment, the System includes a controller coupled to the error 
correction decoder wherein the controller determines 
whether 4-level or 8-level Signaling Symbols are present in 
the demodulated Signal, and the controller directs the error 
correction decoder to operate in the constrained mode if it is 
determined that 4-level Signaling Symbols are present, and 
directs the error correction decoder to operate in the uncon 
Strained mode if it is determined that 8-level Signaling 
Symbols are present. In a further preferred embodiment, the 
controller uses at least one of an indication signal within the 
received signal and a predetermined transmission format to 
determine whether 4-level or 8-level signaling Symbols are 
present. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a functional block diagram showing a 
prior art two-way radio; 
0023 FIG. 2 is a functional block diagram illustrating 
digital signal processing functions, 
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0024 FIG. 3 is a generalized block diagram of a trans 
mitter in communication with a receiver in accordance with 
the invention; 

0025 FIG. 4a is a diagram showing allocation of sym 
bols on a QPSK constellation chart, and demonstrating 
progressive rotation of the QPSK chart where II/4 DQPSK 
modulation is utilized; 

0026 FIG. 4b is a diagram showing allocation of sym 
bols on an 8-PSK constellation chart and demonstrating 
progressive rotation of the 8-PSK constellation chart when 
II/48-PSK modulation is utilized in accordance with the 
invention; 

0027 FIG. 5 is a drawing illustrating the allowable 
symbol transitions for II/4-DQPSK and 8-PSK constellation 
charts, 

0028 FIG. 6 is a flow chart illustrating the transmission 
of a 4-level Signaling Symbol using an 8-level modulator in 
accordance with an embodiment of the invention; 

0029 FIG. 7a is a drawing illustrating the prior art IS54 
downlink burst format; 

0030 FIG.7b is a drawing illustrating the modified burst 
format for enhanced transmission Speed in accordance with 
an embodiment of the invention; 

0031 FIG. 8 is a functional block diagram showing 
Signal processing in accordance with the invention; 
0032 FIG. 9 is a functional block diagram illustrating 
the Sequential MLSE processor in accordance with the 
invention; 
0033 FIG. 10 is a diagram showing an MLSE processor 
Switching from an unconstrained mode to a constrained 
mode in accordance with the invention; 

0034 FIG. 11 is a diagram showing an MLSE processor 
Switching from a constrained mode to an unconstrained 
mode in accordance with the invention; 

0035 FIG. 12 is a functional block diagram illustrating 
a cellular Station with an unconstrained/constrained 
demodulator in accordance with an embodiment of the 
invention; 

0036 FIG. 13 is a flow chart illustrating the demodula 
tion of a received signal containing at least one of 4-level 
modulation and 8-level modulation in accordance with an 
embodiment of the invention; 

0037 FIG. 14 is a flow chart illustrating the demodulat 
ing of a received signal containing at least one of 4-level 
modulation and 8-level modulation in accordance with an 
embodiment of the invention; 

0038 FIG. 15 is a diagram showing an error correction 
decoder for decoding 4-level and 8-level Signal Symbols in 
accordance with the invention; 

0039 FIG. 16 is a functional block diagram illustrating 
a cellular Station with an unconstrained/constrained error 
correction decoder in accordance with an embodiment of the 
invention; 

0040 FIG. 17 is a flow chart illustrating the decoding of 
a received signal containing at least one of 4-level Signaling 
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Symbols and 8-level Signaling Symbols in accordance with 
an embodiment of the invention. 

0041 FIG. 18 is a functional block diagram illustrating 
a 4-level/8-level error correction decoder in accordance with 
an embodiment of the invention; and 
0.042 FIG. 19 is a flow chart illustrating the decoding of 
a received signal containing at least one of 4-level Signaling 
Symbols and 8-level Signaling Symbols in accordance with 
an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0043. When a cellular system is able to utilize 8-level 
modulation for the transmission of data over a communica 
tions channel, a greater amount of information is passed 
between the cellular Stations than for Systems utilizing 
4-level modulation, thereby allowing increased Voice quality 
and data transfer. However, the transmission of 8-level 
modulation requires the prevailing conditions to be Such that 
the receiving station is able to distinguish between the 45 
phase shifts in the modulated carrier. Further, even when 
prevailing conditions allow the use of 8-level modulation, it 
is desirable to use 4-level modulation for certain fields of the 
modulated signal, such as the SYNCWORD, to allow cel 
lular Stations in neighboring time slots having only 4-level 
demodulation capability to utilize the transmitted informa 
tion. 

0044) The invention disclosed describes a system and 
method for modulating both 4-level and 8-level signaling 
Symbols using an 8-level modulator. Thus, increased Voice 
quality or data transfer rate may be utilized in Situations 
where prevailing conditions allow. The invention further 
describes a demodulator which is able to demodulate both 
4-level and 8-level modulation. Additionally, an error cor 
rection decoder is provided according to the invention for 
performing error correction decoding on both 4-level and 
8-level Signaling Symbols. The demodulator and error 
decoder allow for the demodulation and decoding of Signals 
from a single transmitter which is able to transmit using both 
4-level and 8-level modulation. Further, the demodulator 
and error correction encoder allow demodulation and decod 
ing of transmissions from multiple transmitters, where Some 
transmitters have 4-level modulation capabilities, and others 
have 8-level modulation capabilities. 
004.5 FIG. 1 illustrates a two-way radio block diagram 
as known in the art. An antenna 100 is connected through a 
transmit-receive (T/R) coupler 105 to a receiversection and 
a transmitter Section explained in further detail infra. The 
T/R coupler can, for example, be either a duplexing filter, as 
when Simultaneous transmission and reception are required, 
or else a T/R Switch, which is a simpler type of coupler that 
can be used when the technique of time-dupleX is used, 
whereby the transmitter transmits TDMA bursts alternating 
with reception of TDMA bursts by the receiver. The receiver 
section includes a down converter 110 for converting 
received Signals to a Suitable first intermediate frequency 
(IF) for filtering by a first IF filter 115, a second mixer and 
IF amplifier 120 for producing hard-limited second IF 
Signals and a logarithmic signal strength signal (RSSI), 
which are then converted into numerical form by the log 
polar converter 125 for processing in the digital Signal 
processing unit 130. First and second local oscillator fre 
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quency signals are provided to the down converter 110 and 
the second mixer 120 by means of a suitable digital fre 
quency Synthesizer 135 using phase locked loops. The 
frequency Synthesizer 135 uses a common crystal reference 
oscillator 140 as an accurate frequency Standard and 
receives programming Signals from the digital Signal pro 
ceSSor 130, which may include a microprocessor, to Select 
different radio channels. The output of the receive signal 
processing is ultimately either a Speech Signal to a telephone 
earpiece 145, a data traffic stream to a user terminal 150, for 
example a computer display, or alternatively, internal control 
messages known as slow associated control channel 
(SACCH) or fast associated control channel (FACCH) mes 
Sages which control the operation of the device during call 
Setup, call handoff or call termination. 
0046) The transmitter section of FIG. 1 includes a source 
of information to transmit, such as a microphone 155 for 
speech or a keyboard 160 for entering data. The information 
entered is coded using error correction coding to protect 
against transmission errors and then modulated using a 
modulation technique, Such as constant envelope GMSK, as 
used in European digital cellular Systems known as GSM, or 
alternatively, a varying amplitude (linear) modulation as 
used in the US IS54 D-AMPS system. 
0047 A modulator 165, such as the quadrature modulator 
disclosed in the U.S. Pat. No. 5,530,722 which can modulate 
analog or digital Signals as useful in dual mode D-AMPS 
radioS that have to operate either in an analog FM mode or 
a digital mode is hereby incorporated by reference. The 722 
patent further describes an improved modulator for modu 
lating II/4-DQPSK signals on a radio carrier frequency. The 
modulation may be impressed on a transmit intermediate 
frequency and then the modulated Signal up-converted to the 
final transmit frequency using a mixing Signal from the 
frequency Synthesizer Section 135, or alternatively, the fre 
quency Synthesizer Section 135 can generate an unmodu 
lated final frequency Signal which is then modulated using 
the quadrature modulator 165. The modulated final fre 
quency signal in either case is then amplified by a transmit 
power amplifier (PA) 170 and transmitted via the T/R 
coupler 105 by the antenna 100. 
0048 FIG. 2 is a functional block diagram illustrating 
the prior art digital Signal processing functions. The digi 
tized samples from the log polar A/D converter 125 are first 
demodulating using preferably an equalizing demodulator 
205 to compensate for intersymbol interference (ISI) added 
in the transmission path. The equalizing demodulator 205 
preferably outputs “soft decisions” rather than hard symbol 
decisions to the channel decoder 210. One way of deriving 
soft symbol decisions from the equalizing demodulator 205 
is to disclosed in U.S. Pat. No. 5,099.499 to Hammar, 
“Method of Generating Quality Factors for Binary Digits 
Obtained in the Viterbi Analysis of a Signal” which is hereby 
incorporated by reference herein. The channel decoder 210 
performs error correction decoding and may discriminate 
between different types of coded message, Such as Speech, 
data and Signalling, using for example the technique 
described in U.S. Pat. No. 5,230,003 “Decoding System For 
Distinguishing DifferentTypes Of Convolutionally-encoded 
Signals,” hereby incorporated by reference herein. The 
channel decoder 210 outputs hard bit or symbols decisions 
according to the type of message directed to either the 
Speech decoder 215, the Signalling message decoder 220 or 
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a user data terminal 225. The channel decoder 210 may also 
provide erasure indications to any of the above when it 
detects that decoding was unsuccessful, Such as by proceSS 
ing a cyclic redundancy check code (CRC), for example. If 
the message was speech, the Speech decoder 215 first 
decompresses the compressed speech using a CELP, ECELP, 
VSELP, or AMBE vocoder algorithm to convert the speech 
message to a Stream of binary coded waveform Samples 
(PCM) and then the PCM samples are D-A converted to 
regenerate a continuous, analog Voiceband Signal for driving 
a loud Speaker or ear piece, Such as ear piece 145. If 
alternatively, the message was detected to be a Signalling 
message of FACCH or SACCH type, the channel decoder 
210 passes the decoded output to the signalling decoder 220 
for further interpretation and action. Signalling messages are 
Sent by a cellular System to a cellular phone in order to 
control its internal functions, Such as the frequency channel 
it will use for transmission and reception and the transmitter 
power level it will use. Signalling messages can also request 
the phone to automatically verify its identity using an 
authentication process, as described in U.S. Pat. No. 5,559, 
886 “Method of Carrying Out an Authentication Check 
between a Base Station and a Mobile Station in a Mobile 
Radio System”, U.S. Pat. No. 5,390,245 “Method of Car 
rying Out an Authentication Check Between a Base Station 
and a Mobile Station in a Mobile Radio System”, U.S. Pat. 
No. 5,282,250 “Method of Carrying Out an Authentication 
Check between a Base Station and a Mobile Station in a 
Mobile Radio System”, and U.S. Pat. No. 5,091,942 
“Authentication System for Digital Cellular Communica 
tions”, which are hereby incorporated by reference herein. 
0049) If, on the other hand, the message is neither speech 
nor Signalling, but rather a digital data message intended for 
Some digital data terminal Service, Such as a personal 
computer, or alternatively, intended for display on the cel 
lular telephones display, it is routed instead to the user data 
terminal 225 or display handling Software routine via a 
device driver routine. 

0050 A dual mode radio communications device for 
receiving alternatively analog frequency modulated Signals 
or II/4-DQPSK digitally modulated signals and transmitting 
the same is described in U.S. Pat. No. 5,745,523 and is 
hereby incorporated by reference herein. U.S. Pat. No. 
5,048,059 “Log-Polar Signal Processing” describes convert 
ing Signals received on a radio carrier frequency to an Stream 
of representative numerical Samples for digital processing 
while retaining their complex vector nature and is hereby 
incorporated by reference herein. Digitizing phase related 
signals is described in U.S. Pat. No. 5,084,669 “Direct Phase 
Digitation” and U.S. Pat. No. 5,148,373 “Method and 
Arrangement for Accurate Digital Determination of the 
Time or Phase Position of a Signal Pulse Train” which are 
hereby incorporated by reference herein. 
0051 When a logarithmic amplifier generates a logarith 
mic Signal Strength indication from multiple amplifier detec 
tor Stages with interStage filters, relative contributions from 
different Stages are preferably combined using delay com 
pensation as described in U.S. Pat. No. 5,070,303 “Loga 
rithmic amplifier/detector delay compensation' and is 
hereby incorporated by reference herein. Alternatively, a 
received radio signal may be down converted and digitized 
using a HOMODYNE receiver, such as described in U.S. 
Pat. No. 5,241,702 “D.C. offset compensation in a radio 

Jan. 1, 2004 

receiver” which is hereby incorporated herein by reference. 
Improvements to Homodyne Receivers as described in U.S. 
Pat. No. 5,568,520 “Slope Drift and Offset Compensation in 
Zero-IF Receivers' is hereby incorporated by reference 
herein. Further, improvements to HOMODYNE receivers as 
described in U.S. Pat. No. 5,749,051. “I.P. 2 Compensation 
in HOMODYNE Receivers” may be useful in implementing 
the current invention and is hereby incorporated by refer 
ence herein. Additionally, demodulators for demodulating 
II/4-DQPSK signals and compensating for ISI end fading 
are described in U.S. Pat. No. 5,331,666 “Adaptive Maxi 
mum Likelihood Demodulator” and U.S. Pat. No. 5,335,250 
“Method and Apparatus by Directional Demodulation of 
Digitally Modulated Signals' describes maximum likeli 
hood demodulation of recorded signal Samples in both a 
time reversed order and a non-time reversed order and 
selection of each demodulated symbol from the direction of 
demodulation giving the better result for that symbol. The 
666 and 250 patents are hereby incorporated by reference 
herein. Such demodulators can make use of estimates of the 
effects of the propagation path on Signal phase and ampli 
tude through the use of “channel models” which are updated 
during the progreSS of demodulation on the assumption that 
demodulated Symbols are correct. 
0052. When several as yet unresolved hypotheses of a 
demodulated Symbol String are simultaneously held in 
memory for future resolution after receiving more Signals, 
corresponding, multiple unresolved hypotheses for the chan 
nel model must be also held, as described in U.S. Pat. No. 
5,164,961 “Method and Apparatus for Adapting a Viterbi 
Algorithm to a Channel Having Varying Transmission Prop 
erties” and is hereby incorporated herein by refernce. Any 
equalizing demodulator that Simultaneously estimates 
unknown Symbols and the unknown channel that they were 
transmitted through is known as a “blind equalizer” and Such 
an algorithm is described in U.S. Pat. No. 5,557,645 “Chan 
nel Independent Equalizer Device” which is hereby incor 
porated by reference herein. Such algorithms are called 
“channel model per State' algorithms and a channel model 
can Sometimes be simplified to or can additionally comprise 
an estimate of frequency error and again Setting constant as 
described in U.S. Pat. No. 5,136,616 “Method of Rapidly 
Controlling the Frequency of a Coherent Radio Receiver and 
Apparatus for Carrying out the Method”, and U.S. Pat. No. 
5,568,518 “Fast Automatic Gain Control’ both of which are 
hereby incorporated by reference herein. Alternatively, to 
reduce processing complexity, a Single estimate of fre 
quency error can be computed from the demodulated Symbol 
hypothesis having the highest likelihood indication of being 
correct, as described in U.S. Pat. No. 5,093,848 “Method of 
Controlling the Frequency of a Coherent Radio Receiver and 
Apparatus for Carrying out the Method” which is hereby 
incorporated by reference herein. Another low complexity 
equalizer demodulator is described in U.S. Pat. No. 5,467, 
374 “Low Complexity Adaptive Equalizer for U.S. digital 
cellular Radio Receivers' which is incorporated by refer 
ence herein. 

0053 Reception quality in the current invention can be 
improved by using diversity receivers, as described in U.S. 
Pat. No. 5,361,404 “Diversity Receiving System” and U.S. 
patent application Ser. No. 08/218,236, both of which are 
incorporated herein by reference. The application Ser. No. 
08/218,236 also describes using one of a plurality of 
demodulation algorithms Selected from a repetoire of avail 
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able algorithms according to quantisized Sync quality indi 
cators. U.S. patent application Ser. No. 08/305,727 is also 
hereby incorporated by reference and describes combining 
the algorithms for demodulation and decoding of a coded 
radio Signal into a single algorithm by appropriate choice of 
interleaving pattern. The invention described herein com 
prises further adaptations to the improved II/4-DQPSK 
modulator described in the above-incorporated 722 patent. 
0.054 FIG. 3 is a drawing illustrating the process of 
transmitting and receiving Signals in accordance with the 
invention. FIG.3 shows a transmitter 300 in communication 
with a receiver 302. Transmitter 300 includes a processor 
305 coupled to an expander 307 which is coupled to an 
inventive 8-phase shift keying (8-PSK) modulator 310. 
Modulator 310 is in turn coupled to transmitting antenna 
315. Receiver 302 includes reception antenna 320 which is 
coupled to receiver down-converter 325. Receiver down 
converter 325 is coupled to analog-to-digital converter 330. 
Analog-to-digital converter 330 is coupled to an inventive 
demodulator 335 which is coupled to an inventive error 
correction decoder 340. The transmitter 300 utilizes an 
inventive expander 307, and an inventive 8-PSK constella 
tion chart as described infra in reference to FIGS. 4-5. The 
receiver 302 includes an inventive demodulator 335 and an 
inventive error correction decoder 340. Demodulator 335 is 
adapted to demodulate Signals containing both 4-level and 
8-level modulation, and is described in relation to FIGS. 
9-14. Error correction decoder 340 is adapted to decode both 
4-level and 8-level Signaling Symbols and is described in 
relation to FIGS. 15-19. 

0.055 As shown in FIG. 3, a sequence of data symbols 
304 enters processor 305, which may include an error 
correction decoder as known in the art, where the data 
Symbol Sequence is coded using error correction coding to 
protect against transmission errors. Processor 305 protects 
against transmission errors by providing redundancy to the 
sequence of data symbols 304, where the amount of redun 
dancy depends on the importance of the information 
encoded in the data symbol sequence. Processor 305 may 
then output either quadrature phase shift keying (QPSK) or 
8-PSK signaling symbols to expander 307. If QPSK signal 
ing symbols are output, expander 307 expands the QPSK 
symbols to 8-PSK signaling symbols and outputs them to 
modulator 310. The process that expander 307 uses to 
expand the Signaling Symbols will be described infra in 
relation to FIG. 5. If 8-PSK symbols are output, expander 
307 outputs the 8-PSK symbols to modulator 310 without 
expanding them. The 8-PSK symbols then enter modulator 
310 where the 8-PSK symbols are modulated. The modu 
lation may be impressed first on a transmit intermediate 
frequency and then up-converted to the final transmit fre 
quency using a mixing Signal from a frequency Synthesizer 
Section Such as digital frequency Synthesizer 135. The 
modulated Signal is then transmitted from transmission 
antenna 315 as a transmitted signal 317. The transmitted 
signal 317 thus contains 8-level or 8-PSK modulation. 
Although expander 307 is shown as a distinct component, 
the functions performed by expander 307 may be incorpo 
rated into processor 305, modulator 310, or both. 
0056 Transmitted signal 317 is received by reception 
antenna 320 of receiver 302 and enters receiver down 
converter 325 where transmitted signal 317 is down-con 
verted. The down-converted Signal is then digitized by 
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analog-to-digital converter 330. The digitized signal then 
enters the inventive demodulator 335 to compensate for ISI 
added in the transmission path. Although the modulation 
produced by transmitter 300 is 8-PSK in this case, the 
inventive demodulator 335 has capabilities for demodulat 
ing signals having both QPSK and 8-PSK modulation as 
described in relation to FIGS. 9-14 infra. Demodulator 335 
is an adaptive equalizer which applies the maximum likeli 
hood Sequence estimation (MLSE) process utilizing the 
well-known Viterbialgorithm. Demodulator 335 preferably 
outputs Soft decisions to the inventive error correction 
decoder 340. Error correction decoder 340 performs error 
correction decoding using the redundancies provided by the 
processor 305. Error correction decoder 340 is able to 
decode both QPSK and 8-PSK signaling symbols as 
described in relation to FIGS. 15-19 infra. The digital 
information leaving error correction decoder 340 is then 
further processed by the System to provide, for example, 
Speech, data, and Signaling information for the System and 
users thereof. Although receiver 302 shows both inventive 
demodulator 335 and inventive error correction decoder 
340, only one of the two inventive components need be 
present for receiver 302 to process transmitted Signals 
comprising QPSK and 8-PSK modulation. In the case where 
only one of the two inventive components is present in a 
receiver, the other component may be replaced by one as 
known in the art. This is shown in further detail in relation 
to FIGS. 12 and 16. 

0057 FIG. 4a shows the allocation of QPSK symbols on 
a QPSK constellation chart. Such a constellation chart is 
sufficient for modulating QPSK modulation and II/4-QPSK 
modulation as well as differential II/4-QPSK (II/4-DQPSK) 
modulation. Each constellation point represents a pair of 
data bits. The II/4-DQPSK used in D-AMPS differs only in 
the interpretation of the received signal. In II/4-DQPSK, the 
two information bits are encoded into a phase change of 
+/-45 or +/-135 between two successive symbols. The 
appearance of the transmission, however, is exactly as in 
FIG. 4a, as Successive transmission of a symbol represented 
by a bit pair will result in a progressive advance of the phase 
by 45 between successive symbols. This progressive rota 
tion for three consecutive symbols is illustrated by constel 
lation chart 350 for a first symbol (i), constellation chart 352 
for a second symbol (i+1), and constellation chart 354 for a 
third symbol (i+2). Constellation chart 350 shows the allo 
cation of symbols for the 4-level, or QPSK constellation 
chart. Horizontal reference line 355 represents a 0 reference 
line used for deriving angular positions of the allocated 
symbols. It can be seen that in constellation chart 350, the 
symbols representing bit pairs 00, 10, 11, and 01 are at 
angular positions 45°, 135, 225, and 315 respectively. 
The data bit pair (00) is for example at angular position 45 
for the first symbol, but at angular position 90 for the 
second symbol, as shown in constellation chart 352 and at 
angular position 135 for the third symbol, as shown in 
constellation chart 354. The other bit pairs represented by 
the constellation points also rotate Successively through 45 
for each Successive Symbol while retaining their relative 
angular relationships. 
0.058. In II/4-QPSK, the relative angular relationship of 
the four possible 2 bit patterns are preferably allocated using 
Grey coding, in which patterns that differ by only 1 bit are 
angularly adjacent, while bit patterns that differ by 2 bits are 
diametrically opposite. This ensures that the most likely 
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form of error, in which one constellation point is mistaken 
for an adjacent one, only causes a Single bit error, while 2 bit 
errors are caused only in the less likely event of a constel 
lation point being mistaken for a diametrically opposite one. 
Therefore, it may be seen that II/4-QPSK modulation com 
prises transmitting a signal representing one of the 4 poS 
sible angular positions 0, 90°, 180°, and 270° for even 
symbols, or 45°, 135°, 225, or 315° for odd symbols. This 
corresponds to transmitting one of the four complex vectors: 
(1+0); 0+j); (-1+0), or (0-j) for even bits, or (0.707+ 
j0.707); (-0.707+0.707); (-0.707-0.707), or (-0.707 
j0.707) for odd bits, where the real and imaginary values are 
equal to the cosine and the Sine of the angle respectively. 
0059. In II/4-DQPSK, the phase change from one symbol 
to the next, of +/-45 or +/-135 is used to encode the 2 
information bits, and phase changes differing by 180 are 
used to represent bit patterns differing in both bits, while 
phase changes differing by only 90 are used to represent bit 
patterns differing in only one bit. 
0060. In practice for either II/4-QPSK or II/4-DQPSK, 
the transmit part of the digital Signal processor forms 
Sequences of one of the first four complex values alternating 
with one of the Second four complex values and then 
digitally filters the Sequences while up-Sampling it to a 
higher Sampling rate, thereby generating multiple Samples 
per 2-bit Symbol that are more accurately representative of 
a desired continuous waveform. It is necessary to transmit a 
continuous waveform in order to contain the transmission 
Spectrum within an allocated radio channel. The filtering 
specified for D-AMPS is called “Root Raised Cosine” 
(RRC) filtering. The RRC filtered and up-converted com 
plex samples (I.Q) are then D/A converted and output to the 
quadrature modulator and up-converter as described in the 
above incorporated U.S. Pat. No. 5,530,722 patent. It may be 
seen that II/4-DQPSK modulation comprises the transmis 
Sion of only one of four out of the possible eight phase 
angles 0°, 45°, 90°, 135°, 180°, 225, 270° and 315° at each 
Symbol instant, and generation of only one of four out of the 
possible eight corresponding complex vectors. On the other 
hand, 8-phase modulation does not restrict transmission to a 
Subset of four phases at each Symbol instant, but allows any 
of the eight to be transmitted, thereby conveying 3 rather 
than 2-bits of information per symbol. 
0061 This can be further seen in FIG. 5, which shows the 
allowable transitions from one constellation point to the next 
for II/4-DQPSK and 8-PSK symbols. 
0062 FIG. 5 illustrates the allowable transitions from 
one constellation point to the next for II/4-DQPSK and 
8-PSK. In II/4-DQPSK, of a previous constellation point 
was at one of the angular positions 45, 135,225 or 315, then 
the next constellation point transmitted must be at 0,90, 180 
or 270 and vice versa. This is shown in box 375 which 
illustrates the allowable transitions from an even symbol to 
an odd symbol, and box 376 illustrates the allowable tran 
sitions for an odd symbol to an even symbol. The bit in 
paranthesis represents the unused third bit of the 8-PSK 
constellation when II/4-DOPSK is in use. Box 377 on the 
other hand illustrates constraints that for 8-PSK, there are no 
constraints in the transition from one constellation point to 
the next, where the predecessor to any new point may be any 
of the eight previous constellation points. 
0063 FIG. 4b shows the inventive allocation of symbols 
for an 8-level, or 8-PSK constellation chart. A 0 reference 
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present at the symbol with corresponding bit pattern 010 
may be used to derive angular positions of the inventive 
allocated Symbols. It can be seen that in constellation chart 
370, the symbols represented by the bit trios 010, 000, 001, 
101, 100, 110, 111 and 011 are at angular positions 0, 45, 
90°, 135°, 180°, 225, 270°, and 315, respectively. The 
inventive allocations of symbols at 45°, 135,225 and 315° 
of the 8-PSK constellation chart are derived by generating a 
third bit for each 2-bit symbol of the QPSK constellation 
chart shown in FIG. 4a, appending the generated bit to the 
existing 2-bits for the Symbol, and placing this third bit 
symbol at the angular position on the 8-PSK constellation 
chart corresponding to the 2-bit Symbol position from the 
QPSK constellation chart. Specifically, the third bit is gen 
erated here by exclusive-ORing the 2-bits at each location of 
the QPSK constellation chart 350. This way of generating 
the third bit arises from the use of an optimum allocation of 
the 3-bit patterns to the 8 constellation points, for which no 
true Grey coding exists in the case of 8 Symbols. If any other 
allocation of the third bit to obtain 8 constellation points is 
used, the third bit may still be predicted using an appropriate 
rule when the other 2-bits are given and it is desired to 
generate II/4-QPSK. The remaining four allocations of 
Symbols are derived by inverting the least Significant bit of 
the 45°, 135°, 225 and 315° symbol allocations on the 
8-PSK constellation chart and placing the bit pattern repre 
Senting each new Symbol at the angular position advanced 
by 45°. 

0064.) Any allocation of 8-PSK symbols to constellation 
points may be used, including variation or not between 
Successive Symbols, and as long as it is Systematic it is 
possible to determine which 3-bit symbols will represent the 
four II/4-DQPSK symbols at any symbol position in the 
Symbol Sequence. 

0065. It can be seen that the 2-bits representing each 
QPSK symbol of constellation chart 350 correspond to the 
leftmost 2 of the 3-bits representing the 8-PSK symbols at 
corresponding angular positions on the 8-PSK constellation 
chart. Thus, the allocation of symbols on the QPSK con 
stellation chart 350 may be considered a subset of the 
inventive allocation of 8-PSK symbols on constellation chart 
370. 

0066. This inventive allocation of 8-PSK symbols on an 
8-PSK constellation chart allows QPSK signaling symbols 
to be modulated using an 8-PSK modulator. Further, the 
inventive allocation allows QPSK modulation to be pro 
duced by the 8-PSK modulator. This is shown in conjunction 
with FIG. 6. 

0067 FIG. 6 shows a flow chart illustrating how QPSK 
symbols may be transmitted using an 8-PSK modulator in 
accordance with the invention. In step 380, the processor 
305 receives and processes information into a plurality of 
QPSK signaling symbols which are to be modulated. The 
QPSK signaling symbols are then expanded to 8-PSK sig 
naling symbols in expander 307. One way of accomplishing 
this is by exclusive-ORing the 2-bits of information com 
prising each QPSK Signaling Symbol to generate a third bit 
as shown in step 382. The method then continues in step 384 
where this third bit is appended to the existing 2-bits of each 
QPSKSignaling Symbol. In this way, each Signaling Symbol 
is expanded to 3-bits of information representing an 8-PSK 
signaling symbol. The method continues to step 386 where 
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these 8-PSK signaling symbols are modulated by 8-PSK 
modulator 310 and transmitted from transmitting antenna 
315. In this manner, a QPSK signaling symbol is processed, 
expanded, and modulated from an 8-PSK modulator. 
0068. In the same manner, differential QPSK (DQPSK) 
Signaling Symbols may be expanded and modulated by an 
8-DPSK modulator utilizing the inventive allocation of 
symbols shown on constellation chart 370, to produce 
DQPSK modulation which represents the pre-expanded 
sequence of DQPSK symbols. It can further be seen that by 
applying a progressive 45 phase shift to the 8-PSK con 
Stellation chart 370, an inventive II/4-8PSK modulation is 
created which allows QPSK symbols to be modulated from 
an II/4-8PSK modulator to produce II/4-QPSK modulation 
by utilizing the invention allocation of Symbols on constel 
lation chart 370. This inventive II/4-8PSK modulation is 
created by applying the progressive 450 Symbol rotation as 
seen in FIG. 4b. In this case, a first 8-PSK symbol (i) would 
be transmitted using constellation chart 370. A 45 rotation 
is then applied to the 8-PSK constellation chart and a second 
8-PSK symbol (i+1) is transmitted using constellation chart 
372, and a third 8-PSK symbol is transmitted using constel 
lation chart 374 after another 45 symbol rotation is applied. 
0069. Thus, when II/4-DQPSK is used, it is a simple 
matter to construct the sequence of equivalent II/4-QPSK 
Symbols, by Starting with an arbitrary constellation point, 
Such as angular position 0, and then applying one of the four 
rotations +/-45 or +/-135 to obtain the next constellation 
point according to the 2-bits of data. This process continues 
cumulatively, applying a rotation to the vector used for the 
previous Symbol to obtain the next symbol vector. Likewise, 
there is a differential form and an absolute form of 8-PSK. 
The absolute or coherent form of multi-phase modulations 
was previously known from its use in the 2-phase case in the 
European cellular System known as GSM, and has later been 
extended to the multi-phase case in U.S. patent application 
Ser. No. 08/599,011 entitled “Coherent CPFSK” (Ramesh) 
filed Feb. 9, 1996 which is hereby incorporated by reference. 
0070. When differential 8-PSK is used, a bit triple is 
represented by one of the eight rotations 0, 45, 90°, 135, 
180°, 225, 270° or 315° being applied cumulatively to the 
vector transmitted for the previous symbol to obtain the 
vector for the next symbol. However, every vector trans 
mitted lies at one of the same 8-phase positions and there is 
no restriction to a first Subset of four for even bits or a second 
Subset of four for odd bits, as with II/4-DOPSK as shown in 
FIG 5. 

0071. In practice, both II/4-DQPSK and differential 
8-PSK are received, equalized and demodulated first as if 
they were the coherent or absolute phase versions II/4- 
QPSK or coherent 8-PSK, respectively, and then a differ 
ential decoding is used to determine the rotation that has 
occurred between one coherently decoded Symbol and-the 
next. Therefore, it will not be necessary to specify whether 
differential or coherent modulation is used, as the receiver 
processing is similar in both cases. The main difference is in 
how Soft information is generated for a differential as 
opposed to coherent modulation, which is discussed infra. 
0072 FIG. 7a is a drawing illustrating the prior art IS54 
burst format. Specifically, FIG. 7a shows a 14 symbol 
SYNCWORD, 6 symbols of SACCH signalling informa 
tion, 65 symbols of user speech or data traffic, 6 symbols for 

Jan. 1, 2004 

a CDVCC, a second 65 symbols of user's speech or data 
traffic, and an “X” ACCH block of 6 symbols, the “X” 
Signifying that the use of these Symbols was unspecified at 
the time the specification was drafted. The format then 
repeats starting with the SYNCWORD belonging to the next 
slot. However, it is well-known and described in the incor 
porated references that a receiver can advantageously 
exploit the time-reversal symmetry of the burst format to 
demodulate either forwards from the first SYNCWORD or 
backwards from the next SYNCWORD. Thus, a slot which 
converts the use of 8-PSK must retain its first SYNCWORD 
in II/4-DQPSK format for use by a receiver assigned to the 
previous slot. 

0073 FIG.7b is a drawing illustrating the modified burst 
format in a TDMA time slot in accordance with an embodi 
ment of the invention. FIG. 7b specifically shows that the 
user traffic fields 390 and 392, each containing 65 symbols 
of information, are converted from II/4-DQPSK to 8-PSK 
format, thereby increasing the amount of user data trans 
mitted per burst from 260 bits in the existing IS54 burst 
format to 390 bits. It is optional to convert any of the other 
fields, apart from the SYNCWORD to 8-PSK format, 
although in the later D-AMPS specification IS136, a use is 
described for the XACCH symbols which suggests their 
remaining in II/4-DQPSK format. It is optional also whether 
the CDVCC field is retained as II/4-DQPSK, converted to 
8-PSK, or eliminated in favor of a higher data rate. One 
reason for retaining the CDVCC in the II/4-DQPSK format 
concerns the transmission of FACCH messages, for which 
there is no motivation to convert to 8-PSK. In the case of 
FACCH transmissions, which replace the normal user 
Speech or data Symbols, it would be convenient to leave the 
entire burst in the same format as IS54, apart from a 
potential change to the Symbol interleaving pattern, dis 
cussed infra. 

0074 Having a system which is able to modulate both 
QPSK and 8-PSK signaling symbols using only an 8-PSK 
modulator is advantageous as only one modulator need be 
present for the modulation of both QPSK and 8-PSK sig 
naling Symbols, thereby reducing PCB real estate and reduc 
ing production costs as redundant modulators are not nec 
essary. Furthermore, an 8-PSK modulator which is able to 
produce QPSK modulation is very useful in situations where 
Some cellular Stations, for example cellular telephones or 
cellular base Stations, possess QPSKSignal processing capa 
bility only, and other Stations possess 8-PSKSignal process 
ing capability. This 8-PSK modulator which is able to 
produce QPSK modulation has a distinct advantage of being 
able to communicate to both. 

0075 Additionally, in situations where prevailing condi 
tions allow the transmission of 8-PSK Signaling Symbols, a 
cellular Station is able to transmit more information in any 
field of a time slot without preventing other users from using 
the Spectrum at the same time. In this way, the cellular 
Station is able to use leSS speech compression, thereby 
providing increased speech quality, without reducing the 
total number of users that can be served by the system. 
Similarly, the cellular System is able to increase the quality 
of data communications without reducing the number of 
users that can be accommodated by the System. 

0076. In another aspect of the invention, an inventive 
adaptive equalizer is provided for demodulating both 4-level 



US 2004/0001561 A1 

Signaling Symbols and 8-level Signaling Symbols. Because 
Some transmitters possess 4-level modulation capability and 
others possess 8-level modulation capabilities, the inventive 
adaptive equalizer allows communication with both. Addi 
tionally, where a single transmitter possesses capabilities for 
transmitting using both 4-level and 8-level modulation, the 
inventive adaptive equalizer allows communication for both 
modulation types, thereby allowing a greater amount of 
information to be transmitted when prevailing conditions 
allow. 

0077. An adaptive equalizer utilizing the maximum like 
lihood Sequence estimation (MLSE) process may require 
one last Symbol and one current Symbol to determine a last 
Symbol transmitted. This assumes the maximum overlap 
(interSymbol interference) of symbols in the received signals 
caused by reflected Signal paths will be less than or equal 
one symbol. The adaptive equalizer works by running each 
last Symbol possibility and a corresponding channel model 
parameter one at a time through a channel model with a new 
symbol hypothesis. The output of the channel model repre 
Sents what a received signal Sample should look like if the 
Specific last Symbol possibility with channel conditions 
represented by corresponding channel model parameters and 
the current new symbol hypothesis were transmitted. This 
channel model output is compared with the actual received 
Signal Sample, where a delta metric is computed. The delta 
metric is the magnitude Squared of the difference between 
the received signal Sample and the predicted Signal Sample. 
The smaller the delta metric, the more likely it is that the 
Specific last Symbol possibility and the current new symbol 
hypothesis were the transmitted symbols. The delta metric is 
then added to a cumulative metric for that last symbol 
possibility, and the new metric is Stored into a temporary 
metric area in a location corresponding to the last Symbol 
possibility. Thus, after each last symbol possibility has been 
run through the channel model with a single new symbol 
hypothesis, the temporary metric area holds newly com 
puted temporary metrics for each last Symbol possibility for 
the new symbol hypothesis. The lowest temporary metric is 
then chosen. The last Symbol possibility corresponding to 
the lowest temporary metric is shifted into the rightmost 
position of its corresponding path history. The new path 
history and temporary metric then replace the cumulative 
metric and path history for the last Symbol possibility having 
the new symbol hypothesis. 
0078 FIG. 8 is a functional block diagram showing 
Signal processing in accordance with the invention. Specifi 
cally, FIG. 8 shows the modifications needed to the signal 
ling processing in a cellular terminal in order to benefit from 
adaptive transmission bit rates according to the invention. 
Constrained/unconstrained equalizer 335 is coupled to the 
deinterleaver and channel decoder 340. Deinterleaver and 
channel decoder 340 is coupled to Signalling message 
decoder 404, speech decoder 406 and data terminal 408. 
Constrained/unconstrained equalizer 335, channel decoder 
340, signalling message decoder 404, speech decoder 406 
and data terminal 408 are further coupled together by means 
of internal control Signal lines. Digitized received Samples 
preserving the complex vector nature of the radio signal are 
fed into a dual mode equalizer 335 for demodulation. The 
dual mode equalizer 335 may either be constrained by a 
control signal to output only soft II/4-DQPSK decisions, or 
alternatively, may be unconstrained and then output Soft 
8-PSK symbols. The soft information is output to the 
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deinterleaver and channel decoder 340, which is also 
adapted by the control signal to accept either soft 8-PSK 
symbols or soft II/4-DQPSK symbols. After decoding and 
determining if the message was speech, FACCH or data, the 
decoded message is routed either to the Speech decoder 406, 
the signalling decoder 404, or the user data terminal 408. In 
the case of decoding 8-PSK where more bits are available to 
represent Speech to a higher quality, the Speech decoder 406 
is also controlled to operate in an enhanced quality mode. 
Likewise, for user data reception or transmission at a higher 
bit rate using 8-PSK, the user data terminal 408 may receive 
a control Signal to cause it to use the higher bit rate. The 
control Signal to Switch the equalizer 335, channel decoder 
340 and speech decoder 406 between the normal D-AMPS 
modes may result from reception of a signalling message 
from the network by the signalling decoder 404. The sig 
nalling decoder 404 must therefore be able to receive a 
message transmitted in II/4-DQPSK format to switch to 
8-PSK format, or vice versa. 
007.9 The signalling decoder 404 for FACCH can be 
designed to decode messages transmitted only using II/4- 
DQPSK format. Even when the equalizer 335 is conditioned 
to demodulate 8-PSK, the base station network can transmit 
a II/4-DQPSK message and the equalizer 335 will decode it 
as 8-PSK. If no errors are made, the equalizer 335 will 
output only one of four possible 8-PSK symbols alternating 
with one of the other four 8-PSK symbols for each symbol 
period. However, if errors are made, one of the other 8-PSK 
symbols can be output. The FACCH decoder operates by 
hypothesizing the information bits and then using a model of 
decoding process to determine what the corresponding 
coded, transmitted bits should be. The interleaver of decoder 
340 knows where each bit should be found, for example, in 
which symbol of which TDMA burst. The predicted bit is 
thus compared with the soft symbol decision output by the 
equalizer 335 for that symbol, and the likelihood value 
computed for whether the symbol contains a bit of the 
predicted polarity or a bit of the opposite polarity. In 
computing the likelihood value, a first type of calculation is 
performed if the equalizer 335 outputs soft 8-PSK symbols, 
and a Second type of calculation is made if the equalizer 
output soft II/4-DQPSK symbols. It is also immaterial to the 
invention whether this computation is located within the 
channel decoder 340 or perform within the equalizer 335, 
which would then directly output soft information for each 
of the three (or two) bits per symbol in a form directly usable 
by the channel decoder 340. Is It is the preferred solution to 
translate soft symbol information into soft information for 
the two or three constituent bits within the equalizer 335 
using a process described infra. 
0080. The MLSE processor of constrained/unconstrained 
equilizer 335 according to the invention is able to operate in 
a constrained mode for demodulating 4-level or QPSK 
modulation and an unconstrained mode for demodulating 
8-level or 8-PSK modulation. This is accomplished by 
reducing the number of new Symbol hypothesis possibilities 
and the number of path histories to 4 when operating in a 
constrained mode, and utilizing 8 new Symbol hypotheses 
possibilities and path histories when operating in an uncon 
Strained mode. 

0081. In some situations, it is necessary for the adaptive 
equalizer according to the invention to Switch operation 
modes from an unconstrained 8-level demodulation mode to 
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a constrained 4-level demodulation mode. These situations 
include transmitterS Switching from 8-level modulation to 
4-level modulation due to degradation of prevailing condi 
tions thereby preventing the receiver from distinguishing 
among the smaller phase shifts utilized by 8-PSK modula 
tion, or a Switch in communications from a Station having a 
transmitter with 8-level modulation capabilities to a Station 
with a transmitter having only 4-level modulation capabili 
ties. Such a Situation may also arise where, although pre 
vailing conditions allow for the transmission of 8-level 
modulation, it is desirable for certain fields of the transmis 
sion for the present time slot, such as the SYNCWORD, to 
be transmitted using 4-level modulation. (This may arise 
where a cellular Station in a neighboring time slot has only 
4-level demodulation capabilities, but needs to access the 
SYNCWORD of the present time slot.) 
0082 FIG. 9 is a functional block diagram illustrating 
the Sequential MLSE processor in accordance with the 
invention. FIG. 9 shows a controller 450 coupled to a 
memory 452, channel model 470, comparator 475 and adder 
480. Channel model 470 is further coupled to comparator 
475 which is coupled to adder 480. FIG. 9 is shown in 
further detail in FIG. 10 and the operation of FIG. 9 will be 
described in relation to FIGS. 10-14. 

0.083 FIG. 10 is a functional block diagram showing an 
adaptive equalizer utilizing an MLSE processor Switching 
operation modes from an unconstrained mode to a con 
strained mode in accordance with the invention. FIG. 10 
shows an MLSE processor 445 having a storage device 452 
which has a dedicated area 454 representing a current 
memory table, temporary metric area 456, and an area 458 
representing a new memory table. Current memory table 
454 includes a last symbol possibility area 460, a cumulative 
metric area 462, a channel model area 464, and a path 
history area 465. The last symbol possibility area 460 is in 
the format of a column which, for 8-PSK signaling symbols 
has 8 rows. Each row of the last symbol possibility area 460 
contains a single last Symbol possibility. Cumulative metric 
area 462 is also in a column format where the number of 
cumulative metricS is equal to the number of last Symbol 
possibilities, and each cumulative metric corresponds to a 
specific last symbol possibility of last symbol possibility 
area 460. Likewise, the channel model area 464 is in a 
column format and Stores channel model parameters for 
each of the last Symbol possibilities in last Symbol possi 
bility area 460. Path history area 465 is also in a column 
format where the number of rows equals the number of last 
symbol possibilities in the last symbol possibility area 460. 
Each row of the path history area 465 corresponds to a last 
symbol possibility of the last symbol possibility area 460. 
0084) Temporary metric area 456 has a layout like cumu 
lative metric area 462 and comprises a calculated temporary 
metric for each last Symbol possibility in last Symbol poS 
sibility area 460. 
0085 New memory table 458 includes last symbol pos 

sibility area 466, new metric area 467, channel model area 
468, and path history area 469, which have layout similar to 
corresponding areas in the current memory table 454. 
0086) The MLSE processor 450 further has a channel 
model 470 coupled to the last symbol possibility area 460 
and channel model area 464. The channel model is then 
coupled to comparator 475 which is coupled to adder 480. 
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Adder 480 is further coupled to cumulative metric area 462 
and temporary metric area 456. Adder 480 and temporary 
metric area 456 are coupled to controller 450, which is 
coupled to new memory table 458. 
0087. Just prior to Switching operation modes from an 
unconstrained to a constrained mode, the adaptive equalizer 
according to the invention operates in an unconstrained 
mode as an 8-PSK adaptive equalizer as known in the art. To 
Switch to a constrained mode in accordance with the inven 
tion, the new Symbol hypotheses possibilities entering the 
channel model 470 are limited to four. Each last symbol 
possibility from last symbol possibility area 460 is run 
through the channel model 470 with corresponding channel 
model area 464 parameters and a single new Symbol hypoth 
esis. An example is used to demonstrate this. 
0088 A last symbol possibility 0 of last symbol possi 
bility area 460 is run with corresponding channel model 
parameters a(0) and b(0) from channel model area 464 
through a channel model 464 with a new symbol hypothesis 
0. The result is output to comparator 475 and compared with 
an actual received signal Sample. A delta metric is computed 
in adder 480. This delta metric is added to the cumulative 
metric that corresponds to last symbol possibility 0. The sum 
is Stored into the temporary metric area 456 in a location 
corresponding to last Symbol possibility 0. This process is 
then repeated for the remaining 7 last Symbol possibilities in 
the last symbol possibility area 460 with new symbol 
hypothesis 0, and a corresponding temporary metric is 
calculated and stored into temporary metric area 456 for 
each respective last symbol possibility. Controller 450 then 
compares each temporary metric in temporary metric area 
456 and selects the temporary metric with the lowest value. 
Here the temporary metric 8.4 corresponding to last Symbol 
possibility 4 is selected. Controller 450 then shifts last 
Symbol possibility 4 into the rightmost position of its 
corresponding path history in path history area 465 to form 
a new path history. This new path history and temporary 
metric corresponding to last Symbol possibility 4 of last 
symbol possibility area 460 is then stored into path history 
area 469 and new metric area 467 of new memory table 458 
corresponding to last symbol possibility 0 of last symbol 
possibility area 466. New channel model parameters are 
calculated and stored into channel model area 468 corre 
sponding to last Symbol possibility 0 of last Symbol possi 
bility area 466. This process is then repeated for new symbol 
hypotheses 1, 3 and 2, thereby completing the new memory 
table 458. The MLSE processor 445 then continues the 
adaptive equalization process operating in a constrained 
mode as a QPSK adaptive equalizer as known in the art. In 
this way, the number of new symbol hypotheses have been 
reduced to 4 to allow the inventive adaptive equalizer to 
Switch from an unconstrained 8-PSK mode to a constrained 
OPSK mode. 

0089 FIG. 11 is a functional diagram showing an MLSE 
processor Switching from a constrained mode to an uncon 
Strained mode in accordance with the invention. Compo 
nents of FIG. 11 which correspond with components iden 
tified in FIG. 10 have the same identification and a detailed 
description will not be repeated. The necessity for Switching 
from a constrained mode to an unconstrained mode arises in 
Situations where the prevailing conditions improve, thereby 
allowing the receiver to distinguish among the Smaller phase 
shifts utilized by 8-PSK modulation, or a switch in commu 
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nications from a Station having a transmitter with 4-level 
modulation capabilities to a Station with a transmitter having 
8-level modulation capabilities. Before Switching from a 
constrained mode to an unconstrained mode, the inventive 
adaptive equalizer will be operating in a constrained mode 
Suitable for adaptively equalizing QPSK Signaling Symbols 
as currently known in the art. 

0090. To Switch from a constrained mode to an uncon 
Strained mode in accordance with the invention, the new 
Symbol hypothesis possibilities entering the channel model 
470 are increased to 8. Each last symbol possibility from last 
symbol possibility area 460 is run through the channel 
model 470 with corresponding channel model area 464 
parameters and a single new Symbol hypothesis. An example 
is used to demonstrate this. 

0.091 A last symbol possibility 0 of last symbol possi 
bility area 460 is run with corresponding channel model 
parameters through a channel model 470 with a new symbol 
hypothesis 0. The result is output to comparator 475 and 
compared with an actual received signal Sample. A delta 
metric is then computed in adder 480. This delta metric is 
added to the cumulative metric of cumulative metric area 
462 corresponding to last symbol possibility 0. The sum is 
Stored into the temporary metric area 456 corresponding to 
last symbol possibility 0. This process is then repeated for 
the remaining 3 last symbol possibilities in the last symbol 
possibility area 460, and a corresponding temporary metric 
is calculated and Stored into temporary metric area 456 for 
each respective last Symbol possibility. 

0092 Controller 450 then compares each temporary met 
ric in temporary metric area 456 and Selects the temporary 
metric with the lowest value, here the temporary metric 6.2 
corresponding to last Symbol possibility 1. The controller 
450 then shifts the last symbol possibility 1 into the right 
most position of its corresponding path history to form a new 
path history in path history area 465. Controller 450 then 
Stores this path history and corresponding temporary metric 
into path history area 469 and new metric area 467 of new 
memory table 458 corresponding to last symbol possibility 
0 of last symbol possibility area 466. New channel model 
parameters are calculated and Stored into channel model area 
468 corresponding to last symbol possibility 0 of last symbol 
possibility area 466. This process is then repeated for new 
symbol hypotheses 1, 5, 4, 6, 7, 3 and 2 to form the new path 
histories for path history area 469 and metrics for new metric 
area 467 for memory table 458. MLSE processor 445 then 
continues to operate in an unconstrained 8-PSK adaptive 
equalization mode as known in the art. In this way, the 
number of new symbol hypothesis has been expanded to 8 
to allow the inventive adaptive equalizer to Switch from a 
constrained 4-level mode to an unconstrained 8-level mode 
in accordance with the invention. 

0.093 FIG. 12 is a functional block diagram illustrating 
a receiver utilizing the inventive MLSE process described in 
relation to FIGS. 10 and 11. FIG. 12 shows a receiver 500, 
which comprises a reception antenna 320, coupled to a 
receiver down-converter 325 which is in turn coupled to an 
analog-to-digital converter 330. Analog-to-digital converter 
330 is further coupled to the inventive demodulator 335, 
which includes a controller 510. The demodulator 335 is 
coupled to error correction decoder 515 and error correction 
decoder 520. Demodulator 335, error correction decoder 
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515, and error correction decoder 520 are coupled to Switch 
525. The operation of FIG. 12 will be described in relation 
to FIGS. 13 and 14. 

0094 FIG. 13 is a flow chart showing the steps carried 
out by a cellular Station of a cellular telephone System to 
demodulate a received signal containing at least one of 
QPSK and 8-PSK modulation. FIG. 13 begins in step 530 
where a transmitted signal 505, which may include either 
QPSK or 8-PSK modulation, is received by receiving 
antenna 320. The signal is then filtered and down-converted 
by receiver down-converter 325 and digitized by analog-to 
digital converter 330. The method then continues to step 535 
where it is determined whether QPSK or 8-PSK modulation 
is present in the received signal. 
0.095 Step 535 may be performed where the inventive 
demodulator 335 uses a received indication signal, or a 
predetermined transmission format to determine whether to 
operate in the unconstrained mode or the constrained mode. 
0096. The adaptive equalizer may receive an indication 
Signal indicating which mode it should operate in. This 
indication signal may be encoded within a SYNCWORD, a 
Coded Digital Voice Color Code (CDVCC), or a Fast 
Associated Control Channel Message (FACCH). Currently, 
there are six available SYNCWORDS in use. To encode the 
indication signal into the SYNCWORD, a cellular telephone 
system could use 12 SYNCWORDs where the original 6 
SYNCWORDs could indicate when QPSK signaling sym 
bols are to be demodulated, and the new 6 SYNCWORDS 
could be used to indicate the presence of 8-PSK Signaling 
symbols to be demodulated. Alternatively, the order of the 6 
original SYNCWORDs used could indicate whether the 
demodulator should operate in a constrained mode or an 
unconstrained mode. 

0097 As the CDVCC is specific to the base station, this 
could also be used as an indication Signal indicating whether 
the inventive adaptive equalizer should operate in a con 
Strained or an unconstrained mode. For example, the 
CDVCC could be inverted when the adaptive equalizer is to 
Switch from a constrained mode to an unconstrained mode. 
Alternatively, a flag bit could be used in the CDVCC to 
indicate that the adaptive equalizer should Switch between 
the unconstrained and constrained modes. 

0098. Additionally, the FACCH message could be used to 
indicate which of constrained or unconstrained modes the 
inventive adaptive equalizer Should operate in. 
0099 Furthermore, an indication signal in the form of a 
control Signal could be sent at call Setup indicating whether 
the inventive adaptive equalizer should operate in a con 
Strained or an unconstrained mode. In this circumstance, a 
received signal strength indication (RSSI) could be used to 
indicate which of constrained or unconstrained mode is to be 
used. For example, if the RSSI is above or equal to a 
threshold, the unconstrained mode would be used as the 
Signal is Strong enough to differentiate between the Smaller 
phase shift utilized by the unconstrained mode. However, 
where the RSSI is below the threshold, the constrained mode 
would be used as a larger phase shift would be required to 
adequately transmit the information. 
0100 Further, a cellular station's capabilities could be 
used to indicate whether to use the constrained or uncon 
Strained modes. For example, where the other Station pos 
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SeSSes only 4-level transmission capabilities, the control 
Signal at call Set up would Set the demodulator to the 
constrained mode. However, where 8-level transmission 
capabilities exist, the demodulator would be set to the 
unconstrained mode. 

0101 Additionally, a predetermined transmission format 
could be used to indicate to the inventive adaptive equalizer 
whether to operate in a constrained or an unconstrained 
mode. This predetermined transmission format could 
include Specified fields in a time slot being transmitted using 
8-PSK modulation, and other fields in a time slot using 
QPSK modulation. For example, a format could be set up 
where only the user traffic field would be transmitted using 
8-PSK modulation. All other fields would use QPSK modul 
lation. In this case, the inventive adaptive equalizer would 
know to operate in an unconstrained mode when demodu 
lating the user traffic field, and a constrained mode for all 
other fields, such as the SYNCWORD, the CDVCC and the 
slow access control channel (SACCH). Further, within the 
user traffic field the predetermined format could be used 
where a FACCH message could be transmitted using QPSK 
modulation and the Voice data could be transmitted using 
8-PSK. 

0102) If it is determined that QPSK modulation is present 
in step 535, the method proceeds to step 540 where the 
possible levels for the received signal are restricted to a Set 
of four levels, and then to step 545 where it is determined 
which level out of the four levels is present. If the demodu 
lator 335 was operating in an unconstrained mode prior to 
step 535, steps 540 and 545 are performed as described in 
relation to FIG. 10. If the demodulator was operating in a 
constrained mode however, the demodulator 335 continues 
to function in the constrained mode and steps 540 and 545 
are performed as known in the art. The method then con 
tinues to step 550 where soft QPSK symbols are produced 
by demodulator 335. These soft QPSK symbols are then 
decoded by error correction decoder 520 suitable for decod 
ing Soft QPSK Signaling Symbol decisions as shown in Step 
555. The method then returns to step 530. 

0103) If it is determined that 8-PSK modulation is present 
in the signal in step 535, the method continues on to step 560 
where the possible levels for a received signal is set to 8. The 
method continues to step 565 where it is determined which 
level out of the 8 possible levels is present. If the demodu 
lator 335 was operating in a constrained mode prior to Step 
535, steps 560 and 565 are performed as described in 
relation to FIG. 11. If the demodulator was operating in an 
unconstrained mode, however, the demodulator 335 contin 
ues to function in the unconstrained mode and steps 560 and 
565 are performed as known in the art. The method then 
continues to step 570 where soft 8-PSK symbols are pro 
duced by demodulator 335. These soft 8-PSK symbols are 
then decoded by error correction decoder 515 suitable for 
decoding Soft 8-PSK Signaling Symbol decisions as known 
in the art, as shown in step 575. The method then returns to 
step 530. 

0104. A controller 510 of FIG. 12 controls a switch 525 
which couples the output of the currently functioning error 
correction decoder to the rest of the cellular station for 
further processing. Although controller 510 is shown-to be 
within demodulator 335, it may exist independent of 
demodulator 335. Further, the function of controller 510 
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may alternatively be performed by either error correction 
decoder 515 or error correction decoder 520, or by any other 
processor present in the cellular Station. 

0105. If an indication signal, a control signal or a prede 
termined transmission format is not used, the controller 510 
may be used to determine whether QPSK modulation or 
8-PSK modulation is present in the transmitted signal 505. 
This is shown in relation to FIG. 14. 

0106 FIG. 14 is a flow chart showing the steps carried 
out by a cellular Station to demodulate a received signal 
containing at least one of QPSK and 8-PSK modulation in 
accordance with another embodiment of the invention. FIG. 
14 begins in step 600 where a transmitted signal is received 
at reception antenna 320. This signal is down converted in 
receiver down-converter 325 and digitized in analog to 
digital converter 330. The method then continues to step 605 
where the received signal is demodulated by demodulator 
335 as QPSK modulation. The method then continues to step 
610 where error correction decoding is performed on the 
QPSK symbols by error correction decoder 520, and the 
value of a first quality factor is determined. The method also 
performs step 615 where the received signal is demodulated 
by demodulator 335 as 8-PSK modulation, and step 620 
where error correction decoding is performed by error 
correction decoder 515 on the 8-PSK symbols and the value 
of a Second quality factor is determined. If the demodulator 
335 is operating in an unconstrained mode prior to step 605, 
the demodulator 335 will Switch to a constrained mode as 
explained in relation to FIG. 10. If the demodulator 335 is 
operating in a constrained mode prior to Step 615, the 
demodulator 335 will Switch to an unconstrained mode as 
described in relation to FIG. 11. Steps 605 and 610 may be 
performed Simultaneously or close to Simultaneously with 
steps 615 and 620. Alternatively, steps 605 and 610 may be 
performed sequential to or before steps 615 and 620. The 
value of the first and Second quality factors could be 
determined using the metrics generated from the MLSE 
process used in the error correction decoding process. 
Demodulator 335 employs an adaptive equalizer using the 
inventive MLSE processor 445 as described in FIGS. 10 
and 11 above. 

0107 The method then continues on to step 625 where it 
is determined by controller 510 whether the first and second 
quality factors indicate if QPSK modulation is present. If it 
is indicated that QPSK modulation is present, the demodu 
lator 335 will demodulate the received signal as constrained 
QPSK modulation, as shown in step 630. The method 
continues on to Step 635 where error correction decoding is 
performed on the QPSK symbols by error correction 
decoder 520. The method then continues to step 640 where 
an error rate of the symbols demodulated as QPSK modu 
lation is determined. This error rate could be determined 
using bit error rates, or cyclic redundancy checks (CRCs), 
all as known in the art. In step 645, it is determined whether 
the error rate is greater than a threshold value. If the error 
rate is not greater than a threshold value, the method returns 
to step 630. However, if the error rate is greater than a 
threshold value, the method returns to step 600. 
0108). At step 625, if it is determined that QPSK symbols 
are not present, the method continues to step 650 where the 
received signal is demodulated by demodulator 335 as 
8-PSK modulation. The method then continues to step 655 
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where error correction decoding is performed by error 
correction decoder 515 on the 8-PSK symbols. In step 660, 
an error rate of the symbols demodulated as 8-PSK modu 
lation is determined. This error rate could be calculated as 
mentioned above in reference to this figure. In step 665, it is 
determined whether the error rate is greater than a threshold 
value. If the error rate is not greater than a threshold value, 
the method returns to step 650. However, if the error rate is 
greater than a threshold value, the method returns to Step 
600. 

0109. In another aspect of the invention, an error correc 
tion decoder is provided for decoding both 4-level Signaling 
Symbols and 8-level Signaling Symbols. Some transmitters 
possess 4-level modulation capability and others possess 
8-level modulation capabilities. Additionally, Some trans 
mitters possess capabilities for transmitting using both 
4-level and 8-level modulation. Where a receiver does not 
possess an adaptive equalizer Suited to demodulate both 
4-level and 8-level modulation, a demodulator Suited for 
demodulating 8-level modulation may be provided with the 
inventive error correction decoder herein described. Such a 
combination allows the receiver the same advantages as a 
receiver utilizing the inventive unconstrained/unconstrained 
demodulator, set out above in relation to FIG. 10. 

0110. A cellular station provides forward error correction 
where the Sequence of data Symbols is error encoded and 
interleaved before modulation and transmission to help 
protect against transmission errors. To accomplish this, an 
error correction encoder may contain a shift register which 
holds a limited number of symbols n. The error encoder then 
shifts a specific Symbol Sequence into the shift register n. 
This specific Sequence of Signals is processed in a combi 
natorial logic network to generate a BOOLEAN combina 
tion of the bits known as a parity bit. In the case of rate % 
code, the Specific Sequence of Symbols would then be 
processed in a Second combinatorial logic network to gen 
erate a Second parity bit. These parity bits are then inter 
leaved, grouped to form modulation Symbols, modulated 
and transmitted. 

0111. After symbols are received and demodulated, the 
individual bits of the symbols are deinterleaved (unpacked) 
and processed by the error correction decoder, using the 
redundancy provided by the parity bits to correct transmis 
Sion errors in the received signal. 

0112 The demodulator preferably demodulates symbols 
and uses the MLSE metrics to determine bitwise Soft infor 
mation for each of the 3-bits of each 8-PSK symbol. Due to 
the Specific assignment of 2 or 3-bit groups to 4 or 8 
Signalling levels as taught herein, when QPSK Symbols are 
demodulated by an 8-PSK demodulator, 2 out of 3 of the 
demodulated bits will correspond to the 2-bits that would be 
demodulated by a QPSK demodulator receiving the same 
Signal, and will be represented by Soft information related to 
the log-likelihood of each bit having the given polarity. 

0113. When the error correction coded bit stream is 
modulated into 2-bit (e.g., 4-level) symbols, a first grouping 
of bit pairs will be used according to a first determined 
interleaving pattern. For example, the first and 65th encoded 
bit may be combined to form transmitted symbol No. 15 in 
a block of transmitted symbols, such as a TDMA burst. This 
is just an example, and the interleaving table can Specify any 
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pairs of bits be combined to form each transmitted symbol, 
as long as the same interleaving table is used at both the 
transmitter and the receiver. 

0114. When, on the other hand, the error correction coded 
bitstream is modulated into 3-bit (i.e., 8-level) symbols, a 
Second interleaving table is used to define a Second grouping 
of bits into triples in order to define each symbol. For 
example, bits 1, 49 and 97 may be combined to define 
transmitted 8-PSK symbol No. 19. 
0115 A receiver for data that has been error correction 
coded and transmitted using either 4-level modulation and a 
first interleaving table or 8-level modulation and a Second 
interleaving table employs a copy of both coding and 
interleaving processes. A first error correction decoder using 
MSLE to hypothesize information bit Sequences, uses a 
copy of the first coding and interleaving process to deter 
mine the coded bit values that would have been sent and into 
which bits of which modulated symbols they would have 
been placed. The soft information for those bits of those 
symbols is then extracted from the demodulated values and 
used to form metrics for the first error correction decoder, in 
order to determine the most likely transmitted information 
Sequence under the assumption that 4-level modulation was 
used. 

0116. Also, a Second error correction decoder using 
MSLE to hypothesize information bit Sequences employs a 
copy of the Second coding and interleaving process to 
determine coded bit values and to determine into which of 
the 3-bits of 8-level modulation symbols they would have 
been placed. The Soft information for those demodulated bits 
is then used to form metrics for the Second error correction 
decoder, in order to determine the most likely transmitted 
information Sequence under the assumption that 8-level 
modulation was used. 

0117 Inevitably, the decoder that makes the wrong 
assumption about the modulation and the interleaving will 
be less able to correctly predict the received symbols and 
bits and will acquire higher metric values during decoding. 
Consequently, the decoder that achieves lower metric values 
is more likely to be making the correct modulation assump 
tion. As described in the incorporated 003 patent, it can be 
necessary to Scale the metrics of the two decoders before 
comparison in order to obtain the most reliable decision. The 
Scaling may be determined by computer-simulating the 
system off-line to determine the distribution of metrics for 
the four cases of decoding as QPSK when QPSK was 
transmitted, decoding as QPSK when 8-PSK was transmit 
ted, decoding as 8-PSK when QPSK was transmitted, and 
decoding as 8-PSK when 8-PSK was transmitted. 
0118. The metric distributions for QPSK and 8-PSK 
decoding may be combined into a first two-dimensional 
distribution for QPSK transmitted and a second two-dimen 
Sional distribution for 8-PSK transmitted. Then a line that 
best separates the two distributions may be drawn to split the 
two-dimensional plane into two regions, one corresponding 
to deciding that QPSK was transmitted and the other region 
corresponding to deciding 8-PSK was transmitted. Then 
when a pair of metric values from the first and Second error 
correction decoder are available, the region in which they lie 
may be determined and a decision made on the most likely 
modulation. 

0119 AS also described in the incorporated '003 patent, 
it may be possible to make a reliable decision before 
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decoding an entire block of information to the end. It is 
possible to compare metrics after partial decoding if Simu 
lations indicate that a sufficiently reliable decision could be 
taken early. After taking a decision to believe the results of 
one decoder, the other decoder could be terminated to Save 
processing resources. It is even possible to compare metrics 
after each new bit is decoded, and a decision made if the 
difference in the metricS is Sufficiently Strong in favor of one 
decoder. The disfavored decoder may then be terminated 
early to Save processing resources. If, however, there is no 
need to Save processing resources, both decoderS can be 
allowed to run to completion, and a decoding check, Such as 
a Cyclic Redundancy Check or other error detection code 
used to determine which decoder to believe. Only then in the 
rare case of both error detection checks indicating no errors 
might metric values need to be compared for a final arbi 
tration. 

0120 FIG. 15 illustrates the error correction decoder 700 
for the assumption that 8-PSK was transmitted. Error cor 
rection encoder 700 includes a memory 705 coupled to a 
copy of encoder 770 and to an adder 780. Copy of encoder 
770 is further coupled to copy of interleaver 771, which is 
coupled to combiner 775. Combiner 775 is coupled to 
demodulated information memory 715 and adder 780. 
Memory 705 includes path history area 708, current state 
area 710, and metric area 712. Demodulated information 
memory comprises a plurality of blocks of information, 
including block (i-1) 720, block (i) 725, and block (i+1) 
730. Demodulated information memory 715 comprising 
blocks of successively soft demodulated symbol values 
labeled block (i-1) 720, block (i) 725 and block (i+1) 730 
contains Sets of value triples, each value triple being a 
symbol demodulated as 8-PSK and then converted to bitwise 
soft values representative of the likelihood of each bit 
having the indicated Sign polarity. For example, a value -0.8 
indicates a likelihood of 0.8 that the bit polarity is negative, 
while 0.5 indicates a likelihood of 0.5 that the bit polarity is 
positive. These likelihood values are preferably equal to the 
logarithm of the ratio of the probability that a coded bit is a 
“1” to the probability that a coded bit is a “0”. A negative 
value indicates that the probability of a Zero, which is on the 
denominator, is greater than the probability of a “1”, and a 
positive value indicates the reverse. 
0121. A memory 705 holds the current status of the 
decoder 700 and comprises a number of “current states'710 
being Sequences of, in this example, Six Successive bits that 
were previously hypothesized. These 6-bits together with 
one new bit hypothesis Bo 714 form a 7-bit input to the copy 
of encoder 770, which is thus a “constraint length 7” 
convolution encoder. The encoder 770 produces two parity 
bits for every pattern of 7-bits presented to it, and is thus a 
“rate /3” convolutional encoder. 

0122) The parity bits for a particular selection of current 
state 710 and new bit hypothesis Bo 714 are used together 
with a copy of the interleaver 771 to determine which bits of 
the demodulation data they should be compared with. In 
FIG. 15, interleaver 771 has determined that the first parity 
bit was placed by the transmitter in the third bit of the fifth 
symbol of block (i-1)720, which soft value is thus extracted 
from the demodulated information memory 715 and fed to 
combiner 775. Combiner 775 combines the parity bit polar 
ity with the Soft information polarity to obtain a negative 
value if the polarities disagree and a positive value if they 
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agree. The combined value is then added to the previous 
metric from memory 705 that is associated with the selected 
Current State. 

0123 Likewise, the second parity bit is determined by 
interleaver 771 to have been located in the first bit position 
of the eighth symbol of block (i+1) 730, so that soft value 
is extracted from demodulated information symbol 715 and 
combined with the second parity bit in combiner 775 as 
before, to obtain a Second value. This is also added in adder 
780 giving a new metric value, which is one of the two 
possible candidates for the metric of a Successor State. The 
other candidate value is obtained by repeating the process by 
selecting the current state 710 that differs only in its leftmost 
bit position. For example, if the first Selected State was 
000011, the second selected State would be 100011, which 
ever of the two candidate metricS was the greatest would 
then be determined. If it was the metric obtained by using 
Selected State 000011, then the candidate metric becomes the 
new metric for successor state No. 00011 (Bo) and a '0' is 
shifted into the rightmost position of the path history 708 
associated with the selected state, giving 1110001110 as the 
new 1-bit extended path history. On the other hand, if 
Selected State 100011 gave the greatest new candidate metric 
value, that new metric value would instead become the 
metric for successor state 00011 (Bo) and a '1' would be 
shifted into the rightmost position of the path history 708 
associated with selected state 100011 to give the path history 
708 for the successor state. When the above process is 
repeated using first Bo=0 and then Bo=1, two Successor 
states numbered 000110 and 000111 are obtained to replace 
the two previous states 000011 and 100011. Repeating for 
all pairs of Selected current State thus produces the same 
number of Successor States as previously described. The next 
iteration then proceeds to process other pairs of Soft values 
from demodulated soft information memory 715, as indi 
cated by the interleaver 771 for the next two parity bit 
positions. 

0.124. The above description applies to the 8-PSK 
assumption because the associated interleaver placed bits in 
all three of the possible bit positions of a symbol, bit position 
1 in the first block 720, bit position 2 of the second block 
725, and bit position 3 of the third block 730. The corre 
sponding decoder for the QPSK assumption would use an 
interleaver that only placed bits in the 2-bit positions of the 
three 8-PSK Soft values that correspond to the 2-bits of 
QPSK. The third bit in that case would never be selected by 
the interleaver. Although memory 705 and demodulated 
information memory 715 are shown as Separate memories, 
the two may be combined into a single memory. 

0125 One application of 8-PSK, which allow 50% more 
bits to be transmitted than QPSK, is to allow use of a speech 
coder that codes Speech using a higher bit rate, thus giving 
higher quality than existing cellular Systems, Such as IS54 
that use QPSK. IS 54 interleaves one coded speech frame 
over two successive QPSK bursts to disperse error events. 
Greater interleaving gives better error dispersion at the 
expense of greater delay. This may be a good trade-off, and 
one possibility for the interleaving pattern to use with 8-PSK 
is to allocate bit 1 of each PSK symbol in burst (i-1), plus 
bit 2 in burst (i), plus bit 3 in burst (i+1) to transmit coded 
speech frame number (i-1), thus constructing a 3-burst, 
diagonal interleaving pattern. 
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0126. In U.S. Pat. No. 5,673,291 to Dent, which is 
commonly assigned, a method is disclosed for improving 
demodulation and decoding of data transmitted by the above 
method of interleaving, wherein at least one bit per Symbol 
in a TDMA burst belongs to a previously decoded frame of 
Speech or data. The above patent is hereby incorporated by 
reference herein. Having decoded a previous frame and 
obtained an indication of correct decoding, Such as a CRC 
check, the TDMA burst may be demodulated again with the 
already decoded 1-bit per symbol replaced with the now 
known bit value, effectively reducing the uncertainty in the 
remaining part of the Symbol to be decoded by a factor of 
two. For example, if the symbols were 8-PSK, but 1-bit of 
certain Symbols are now known as a result of decoding a 
previous frame, those Symbols may now be demodulated as 
QPSK symbols. If, after decoding a further frame success 
fully, 2-bits of certain symbols are known, those symbols 
may be re-demodulated as 2-PSK symbols. To obtain maxi 
mum advantage from the reduction of the constellation size, 
the remaining two possibilities in the latter case should 
ideally be diametrically opposite symbols. However, the 
constellation of FIG. 4b does not have this characteristic as 
the remaining two Symbols after defining the rightmost 
2-bits are 135 apart. Likewise, if 1-bit of a symbol has 
already been determined, the remaining four possibilities 
should ideally form a QPSK constellation, i.e., be 90° apart. 
However, the constellation of FIG. 4b does not have this 
characteristic as the four remaining possibilities after defin 
ing the rightmost bit are separated by alternately 45 and 
135 instead of 90. The above incorporated 291 patent also 
disclosed that, in the case that a previous frame did not 
decode correctly, but the Subsequent frame did decode 
correctly, TDMA bursts containing bits of the Subsequently 
correctly decoded frame can be re-demodulated using the 
correctly decoded bits in each Symbol as known values. To 
obtain maximum advantage from Such “multi-pass' decod 
ing, the remaining constellation points containing the bits of 
previous frames, after Substituting a fixed value for the one 
of the 3-bits of each symbol just correctly decoded, should 
ideally form a QPSK constellation. Thus, when multi-pass 
decoding is to be used in conjunction with diagonal inter 
leaving, a constellation having exactly the opposite of the 
Grey coded property of FIG. 4b may be optimum, namely, 
adjacent constellation points should have the maximum 
number of bits different. 

0127 IS54 requires occasionally to steal a speech frame 
in order to transmit an urgent Fast ASSociated Control 
Channel message (FACCH). An FACCH message only 
comprises 65-bits before coding, and So is coded using a rate 
4 code in IS54 to obtain 260-bits, which replace 130 of the 
speech bits in one TDMA slot and the other 130 bits of the 
speech frame in the same slot of the next TDMA frame. 
Using 8-PSK, the number of information symbols per frame 
would preferably remain as 130, but each now carries 3-bits 
of information, making 390-bits available per 20 mSTDMA 
frame for carrying coded speech. A 13 kilobit per Second 
Speech coder giving high Speech quality can be used, and 
coded using a rate 73rds code to give 19.5 kilobits/sec., 
which fills the 390-bits per 20 mS available. The rate 2/3rds 
error correction code is preferably a punctured convolutional 
code which, although appearing to be rate 73rds on average, 
provides a lower rate, i.e., more error protection coding, for 
the more important Speech bits and a higher rate code, i.e., 
less error protection, for the less important Speech bits. 
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0128. One method of stealing an 8-PSK speech frame to 
replace by FACCH data is to also code the 65 FACCH bits 
to 390 bits by using a rate /6th code. The invention of the 
003 patent may then be applied to determine whether a 
given frame contains rate 73rds coded Speech or rate /6th 
coded FACCH. Alternatively, if a speech frame is omitted 
when a 3-frame diagonal interleaving is employed, this 
effectively allows the three frames that would have each 
contained 1-bit per symbol of the omitted frame to use 2-bits 
per symbol, i.e., QPSK instead. To now insert an FACCH 
message does not necessarily require all of the now QPSK 
symbols to be converted back to 8-PSK symbols to provide 
the extra bits. If, for example, half of the 130 symbols per 
frame were converted back to 8-PSK symbols, thereby 
providing 65-bits in each of three Successive frames, this 
could accommodate the 65 FACCH bits using rate /3 coding. 
This invention is particularly useful then for detecting 
frames in which some symbols are 8-PSK symbols carrying 
a mixture of speech and FACCH data coded in their respec 
tive ways, alternatively, 8-PSK Symbols carrying high qual 
ity encoded Speech or yet again QPSK Symbols carrying 
normal quality encoded Speech. 
0.129 FIG. 16 is a functional block diagram illustrating 
a cellular receiver utilizing the inventive error correction 
decoder. Cellular receiver 800 comprises a reception 
antenna 320 coupled to a receiver down converter 325. 
Receiver down converter 325 is then coupled to analog-to 
digital converter 330 which is further coupled to 8-PSK 
demodulator 840.8-PSK demodulator 840 is then coupled to 
error correction decoder 340. Operation of the receiver 
having inventive error correction decoder 340 will be dis 
cussed in relation to FIGS. 17, 18 and 19. 
0.130 FIG. 17 is a flow chart showing the steps per 
formed by the inventive error correction decoder 340 while 
decoding a received signal containing at least one of 4-level 
Signaling Symbols and 8-level Signaling Symbols in accor 
dance with the invention. The method begins in step 900 
where a transmitted signal 802 is received by a reception 
antenna 320. The transmitted signal 802 enters receiver 
down converter 325 where transmitted signal 802 is down 
converted. The down converted Signal is then digitized by 
analog-to-digital converter 330. The method then continues 
in step 910 by demodulating the signal using demodulator 
840, which may be an 8-PSK adaptive equalizer suitable for 
demodulating 8-PSK modulation to compensate for ISI 
added in the transmission path. The 8-PSK demodulator 840 
generally applies the MLSE proceSS commonly known as 
the Viterbialgorithm. 8-PSK demodulator 840 preferably 
outputs Soft decisions to the inventive error correction 
decoder 340. 

0131 The method continues on to step 920 where error 
correction decoder 340 decodes the soft symbol information 
from 8-PSK demodulator 840 as QPSK symbols and deter 
mines a first quality factor. If the error correction decoder 
340 was operating in the unconstrained mode prior to Step 
920, the error correction decoder Switches to the constrained 
mode by using an interleaver that only places bits in the 2-bit 
positions of the 3-PSK Soft values that correspond to the 
2-bits of QPSK, as described above in relation to FIG. 15. 
The method continues to step 930 where error correction 
decoder 340 decodes the soft symbol information as 8-PSK 
Signaling Symbols and determines a Second quality factor. 
Because the error correction decoder 340 is operating in the 
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constrained mode prior to step 930, it must operate in the 
unconstrained mode as described above in relation to FIG. 
15. These first and second quality factors are similar to the 
quality factors mentioned above in conjunction with FIG. 
14. The first and second quality factors may be determined 
from the metrics generated during the MLSE process per 
formed by error correction decoder 340. 

0132) The method continues in step 940, where a 
received modulation is determined from the first and Second 
quality factors. If the received modulation is QPSK symbols 
in step 950, the method continues to step 960 where the soft 
information is decoded as QPSK symbols. If, however, it is 
determined that the received modulation is 8-PSK, the Soft 
information is decoded as 8-PSK symbols. In this way, error 
correction decoder 340 is able to decode a received signal 
containing both QPSK and 8-PSK modulation. 

0.133 FIG. 18 is a functional block diagram illustrating 
Selection of operation modes for error correction decoder 
340. FIG. 18 shows an 8-PSK demodulator 840 coupled to 
error correction decoder 340 which is represented by error 
correction decoder 340a for decoding under the assumption 
that 8-PSK modulation was received, and error correction 
decoder 340b for decoding under the assumption QPSK 
modulation was received. Error correction decoder 34.0a and 
error correction decoder 340b are both coupled to selector 
344 and to metric comparator 342. Metric comparator 342 is 
further coupled to selector 344. 
0134) In operation, received complex Samples are 
received by 8-PSK demodulator 840 which provides bitwise 
Soft decision information to decoder 34.0a and decoder 340b. 
Decoder 34.0a includes a first deinterleaver utilizing a 
deinterleaver scheme under the assumption that 8-PSK 
modulation was received. Decoder 340b includes a second 
deinterleaver utilizing a Second deinterleaving Scheme under 
the assumption that QPSK modulation was received. Met 
rics are generated for error correction decoder 348, operating 
under the assumption that 8-PSK modulation was received 
and sent to metric comparator 342. Similarly, QPSK metrics 
are generated by error correction decoder 340b, operating 
under the assumption that QPSK modulation was received, 
and Sent to metric comparator 342. The metric comparator 
342 compares the 8-PSK metrics and the QPSK metrics, 
from which a decision is made of whether 8-PSK or QPSK 
modulation is present in the received signal. If metric 
comparator 342 determines that 8-PSK modulation is 
present, metric comparator 342 indicates to Selector 344 to 
Select the decoded data from error correction decoder 340a 
for further processing. However, if metric comparator 342 
determines that QPSK modulation is present in the received 
Signal, metric comparator 342 indicates to Selector 344 to 
allow the error correction decoder 340b decoded data to the 
output for further processing. Metric comparator 342 may 
make this determination from the metrics generated as 
discussed in relation to FIG. 15 Supra. 

0135) Error correction decoder 340 utilizes the MLSE 
processor as described in FIG. 15. Further, as previously 
mentioned, when performing the method set out in FIG. 17, 
error correction decoder 340 may be able to determine 
whether QPSK or 8-PSK signaling symbols are present 
during the first 25% of decoding and Switch operation modes 
accordingly, thereby Saving time and battery power by not 
having to completely decode the Signal using both decoding 
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methods. In a similar manner as shown in steps 640, 645, 
660, and 665 of FIG. 14, the error correction decoder 340 
may also be evaluated for accuracy, where if it is found that 
the decoding methods are not accurate, the method will 
return to step 900. 
0.136 FIG. 19 is a flow chart showing the steps carried 
out by the inventive error correction decoder to decode a 
received signal containing at least one of 4-level Signaling 
Symbols and 8-level Signaling Symbols. The method begins 
at step 1000 where a transmitted signal 802 is received by 
reception antenna 320. The Signal is down-converted and 
converted to a digitized signal by receiver down-converter 
325 and analog to digital converter 330, respectively. The 
method continues to step 1010 where the received signal is 
demodulated as 8-level modulation by demodulator 840 as 
known in the art, and the method then continues to step 1020 
where the error correction decoder 340 determines if QPSK 
symbols are present. Error correction decoder 340 could use 
an indication signal within the transmitted Signal, a control 
Signal Sent at call Setup, or a predetermined transmission 
format to determine whether to operate in an unconstrained 
or a constrained operational mode in the manner Similar to 
that discussed above in relation to FIG. 13. 

0.137 If it is determined that QPSK symbols are present, 
the method continues to step 1030 where the signaling 
Symbol possibilities for the-demodulated received signal is 
set to 4. The method then continues to step 1040 where it is 
determined which Signaling Symbol out of the Set of 4 
possibilities is present. If the error correction decoder 340 
was operating in an unconstrained mode prior to performing 
steps 1030 and 1040, the error correction decoder 340 use an 
interleaver that only places bits in the 2-bit positions of the 
3-PSK Soft values that correspond to the 2-bits of QPSK, as 
discussed in relation to FIG. 15 above. In step 1050, the 
method continues by producing hard Signaling Symbol deci 
sions from the determination in step 1040. The method then 
returns to step 1000. The hard signaling symbol decisions 
are further processed by the System to provide, for example, 
Speech, data and Signaling information for the System and 
the users thereof 

0.138 If, however, it is determined that QPSK signaling 
symbols are not present in step 1020, the method continues 
to step 1060 where the error correction decoder 340 sets the 
possible Signaling Symbols for the demodulated received 
Signal to a set of 8. The method then continues on to Step 
1070 where it is determined which signaling symbol out of 
the Set of eight possibilities is present. If the error correction 
decoder 340 was operating in a constrained mode prior to 
performing steps 1060 and 1070, the error correction 
decoder 340 must operate in the unconstrained mode for 
decoding 8-PSK, as discussed in relation to FIG. 15 above. 
The method then continues in step 1080 by producing hard 
Signaling Symbol decisions based on the determination of 
step 1070. The method then returns to step 1000. 
0.139. In situations where a 4-level signaling symbol has 
been expanded and transmitted by an 8-level modulator to 
produce 8-level modulation, the inventive error correction 
decoder 340 may decode the received information as 8-level 
Signaling Symbols and remove/ignore the third bit when 
creating the hard Symbol decisions. In this way, the inventive 
error correction decoder is able to create 4-level hard Sig 
naling Symbol decisions representing the 4-level Symbol 
Sequence originally expanded and transmitted. 
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0140 AS mentioned above, 4-level signaling symbols 
may be QPSK signaling symbols; however, it need not be 
limited to Such. 4-level Signaling Symbols could include 
DQPSK and II/4-DQPSK signaling symbols or any combi 
nation thereof as well. Additionally, 8-level Signaling Sym 
bols need not be limited to 8-PSK signaling symbols. 8-level 
signaling symbols could include 8-DPSK and II/4-8DPSK 
Signaling Symbols, or any combination thereof as well. 
Furthermore, although the inventive modulator, constrained/ 
unconstrained demodulator, and constrained/unconstrained 
error correction decoder have been described with respect to 
a Time Division Multiple Access cellular telephone system, 
they would be applicable to a code division multiple acceSS 
cellular telephone System as well. 
0141 Furthermore, the concepts of Switching the number 
of path histories and the number of new symbol hypothesis 
which allow the inventive constrained/unconstrained 
demodulator to handle both 4-level and 8-level signaling 
Symbols, and the concepts of using an interleaver that only 
places bits in the 2-bit position of the 3-PSK Soft values that 
correspond to the 2-bits of QPSK could be applied to a 
decodulator as well, where the number of path histories and 
new symbol hypothesis utilized in the MLSE processor of 
the decodulator, and the interleaver would be altered in the 
Same manner discussed herein. 

0142. Thus, a method and system for the transmission, 
reception and the processing of 4-level and 8-level Signaling 
symbols has been provided. An inventive modulator is 
provided for modulating 4-level Signaling Symbols using an 
8-level modulator. Further, this inventive modulator is able 
to produce 4-level modulation using an 8-level modulator, 
where the 4-level modulation represents the expanded 
4-level symbol sequence modulated. This inventive modu 
lator allows either leSS Speech compression yielding 
improved Speech quality, or a higher bit rate increasing the 
quality of the data communication System, without reducing 
the number of users that can be accommodated by the 
cellular System. Further, as only one modulator is necessary 
to modulate both 4-level and 8-level Signaling Symbols, 
production costs for the cellular System as well as the size of 
a cellular Station are reduced. 

0143 Furthermore, a constrained/unconstrained modula 
tor is provided which is able to demodulate both 4-level 
Signaling Symbols and 8-level Signaling Symbols. Addition 
ally, an error correction decoder is provided which is also 
able to decode a demodulated Signal which contains both 
4-level and 8-level signaling symbols. These inventive 
demodulator and error correction decoder are useful in 
Situations where Some cellular Stations possess QPSK modu 
lation capability only, and other stations possess 8-PSK 
capabilities. The inventive modulator and error correction 
decoder have the distinct advantage of being able to com 
municate to both. Furthermore, as multiple demodulators 
and error correction decoders are not required to handle both 
4-level and 8-level Signaling Symbols, the cellular Station 
can be built with reduced component size and cost. 
0144) While a particular embodiment of the present has 
been described and illustrated, it should be understood that 
the invention is not limited thereto Since modifications may 
be made by perSons skilled in the art. The present application 
contemplates any and all modifications that fall within the 
Spirit and Scope of the underlying invention disclosed and 
claimed herein. 
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1. A method for modulating 4-level Signaling Symbols 
using an 8-level modulator, the method comprising: 

receiving 4-level Signaling Symbols to be modulated, each 
4-level Signaling Symbol containing 2-bits of informa 
tion; 

expanding Said 4-level Signaling Symbols into 8-level 
Signaling Symbols, each 8-level Signaling Symbol con 
taining 3-bits of information; and 

modulating Said 8-level Signaling Symbols. 
2. The method of claim 1 wherein the Step of expanding 

Said 4-level Signaling Symbols into 8-level Signaling Sym 
bols includes manufacturing a third bit for each 4-level 
Signaling Symbol and appending Said third bit to Said 2-bits 
of information. 

3. The method of claim 2 wherein said third bit is the 
exclusive-OR of Said 2-bits. 

4. The method of claim 1 further comprising performing 
a progressive 45 phase shift between a modulation of 
consecutive Symbols. 

5. The method of claim 1 wherein modulating an 
expanded 4-level Signaling Symbol with the 8-level modu 
lator causes the 8-level modulator to produce 4-level modu 
lation. 

6. The method of claim 1 wherein said 4-level signaling 
Symbols are a Subset of Said 8-level Signaling Symbols. 

7. The method of claim 1 further comprising the step of 
Sending an indication Signal indicating which of expanded 
4-level Signaling Symbols and 8-level Signaling Symbols are 
being transmitted. 

8. Method for demodulating a received signal containing 
at least one of 4-level modulation and 8-level modulation, 
the method comprising: 

demodulating Said received signal under a first assump 
tion that Said received signal contains 4-level modula 
tion and determining a value of a first quality factor by 
performing error correction decoding on Symbols 
demodulated under Said first assumption; 

demodulating Said received Signal under a Second 
assumption that said received signal contains 8-level 
modulation and determining a value of a Second quality 
factor by performing error correction decoding on 
Symbols demodulated under Said Second assumption; 

determining a received modulation present in Said 
received signal using Said first and Said Second quality 
factors, and 

demodulating Said received signal as Said received 
demodulation. 

9. The method of claim 8 wherein the step of determining 
from Said first and Said Second quality factors may be 
performed before said demodulation under the first and the 
Second assumptions is completed. 

10. The method of claim 8 wherein said first and said 
Second quality factors are determined using metrics gener 
ated by an error correction decoder. 

11. Method for demodulating a received signal containing 
at least one of 4-level modulation and 8-level modulation, 
the method comprising: 

determining whether 4-level modulation or 8-level modu 
lation is present in Said received signal; 

if it is determined that 4-level modulation is present in 
Said received signal, operating a demodulator in a 
constrained 4-level demodulation mode by restricting 
possible levels for the received signal to four levels, 
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determining which level out of Said four levels is being 
received, and producing 4-level Signaling Symbol deci 
Sions having 2-bits each; and 

if it is determined that 8-level modulation is present in 
Said received Signal, operating Said demodulator in an 
unconstrained 8-level demodulation mode by determin 
ing which level out of eight possible levels is being 
received, and producing 8-level Signaling Symbol deci 
Sions having 3-bits each. 

12. The method of claim 11 wherein the step of deter 
mining whether 4-level modulation or 8-level modulation is 
present further comprises the Step of receiving an indication 
Signal indicating whether 4-level modulation or 8-level 
modulation is present in Said received signal. 

13. The method of claim 12 wherein said indication signal 
is transmitted using at least one of a SYNCWORD, a 
CDVCC, and a FACCH message. 

14. The method of claim 11 wherein the step of deter 
mining whether 4-level modulation or 8-level modulation is 
present further comprises the Step of using a predetermined 
transmission format to determine whether a 4-level Signaling 
Symbol or an 8-level Signaling Symbol is present in Said 
received signal. 

15. The method of claim 11 wherein said 4-level and said 
8-level Signaling Symbol decisions are Soft 4-level and 
8-level Signaling Symbol decisions. 

16. The method of claim 11 wherein the step of operating 
Said demodulator in Said constrained 4-level demodulation 
mode and Said unconstrained 8-level demodulation mode 
further comprises the Step of performing a Sequential maxi 
mum likelihood sequence estimation process. 

17. Method for decoding a received Signal containing at 
least one of 4-level Signaling Symbols and 8-level Signaling 
Symbols, the method comprising: 

receiving a signal; 

demodulating Said received signal as 8-level modulation; 
determining whether 4-level Signaling Symbols or 8-level 

Signaling Symbols are present in Said received signal; 

if it is determined that 4-level Signaling Symbols are 
present in Said received signal, Selecting and deinter 
leaving two bitwise-soft-information values from the 
4-level Symbols and processing them in an error cor 
rection decoder; and 

if it is determined that 8-level Signals are present in Said 
received signal, Selecting and deinterleaving three bit 
wise-soft-information values from the 8-level symbols 
and processing them in an error correction decoder. 

18. The method of claim 17 wherein the step of deter 
mining whether 4-level Signaling Symbols or 8-level signal 
ing Symbols are present further comprises the Step of receiv 
ing an indication Signal indicating whether 4-level Signaling 
Symbols or 8-level Signaling Symbols are present in Said 
received signal. 

19. The method of claim 18 wherein said indication signal 
is transmitted using at least one of a SYNCWORD, a 
CDVCC, and a FACCH message. 

20. The method of claim 17 wherein the step of deter 
mining whether 4-level Signaling Symbols or 8-level signal 
ing Symbols are present further comprises the Step of using 
a predetermined transmission format to determine whether 
4-level Signaling Symbols or 8-level Signaling Symbols are 
present in Said received signal. 
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21. The method of claim 17 wherein the step of processing 
using an error correction decoder further comprises the Step 
of performing a Sequential maximum likelihood Sequence 
estimation process. 

22. The method of claim 17 wherein the step of processing 
said soft information from 4-level symbols includes remov 
ing a third bit from 8-level symbols. 

23. Method for decoding a received signal containing at 
least one of 4-level Signaling Symbols and 8-level Signaling 
Symbols, the method comprising: 

receiving a signal; 

demodulating Said received Signal as 8-level modulation; 
performing error correction decoding under a first 

assumption that a 4-level Signaling Symbols are present 
in the received signal and determining a first quality 
factor; 

performing error correction decoding under a Second 
assumption that 8-level Signaling Symbols are present 
in the received signal and determining a Second quality 
factor; 

determining a received modulation in Said received signal 
using Said first and Second quality factors, and 

decoding Said received signal as Said received modula 
tion. 

24. The method of claim 23 wherein the step of deter 
mining from Said first and Said Second quality factors may be 
performed before Said decoding under the first and the 
Second assumptions is completed. 

25. The method of claim 23 wherein said first and second 
quality factors are determined using metricS created from 
Said error correction decoding under Said first and Said 
Second assumptions. 

26. A System for modulating 4-level Signaling Symbols 
using an 8-level Signaling Symbol modulator comprising: 

a processor for processing information into a plurality of 
4-level Signaling Symbols to be modulated; 

an expander coupled to Said processor for expanding Said 
plurality of 4-level Signaling Symbols each containing 
2-bits of information to expanded 8-level Signaling 
Symbols each containing 3-bits of information; and 

an 8-level modulator coupled to Said expander for modu 
lating Said expanded 8-level Signaling Symbols. 

27. The system of claim 26 wherein said expander 
expands Said plurality of 4-level Signaling Symbols by 
XORing said 2-bits of information to generate a third bit and 
appends said third bit to said 2-bits of information. 

28. The system of claim 26 wherein said 8-level modu 
lator applies a progressive 45 phase shift between a modu 
lation of consecutive Symbols. 

29. The system of claim 26 wherein said 4-level signaling 
Symbols are a Subset of Said expanded 8-level Signaling 
symbols. 

30. The system of claim 26 wherein said 8-level modu 
lator produces 4-level modulation when modulating Said 
expanded 8-level Signaling Symbols. 

31. The system of claim 26 wherein said information 
processed by Said processor indicates a presence of Said 
expanded 8-level Signaling Symbols. 

32. The system of claim 26 wherein said processor 
processes information into a plurality of 8-level Signaling 
symbols. 
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33. A System for demodulating a received signal contain 
ing at least one of 4-level modulation and 8-level modula 
tion, the System comprising: 

a receiver for receiving Said received signal; 
a demodulator coupled to Said receiver for operating 

under at least one of 

a first assumption that Said received signal contains 
4-level modulation, wherein Said demodulator operates 
as a constrained demodulator by restricting possible 
levels of Said received signal to a Set of four levels, 
determining which level out of said four levels is 
received, and produces 4-level Signaling Symbol deci 
Sions having 2-bits each, and 

a Second assumption that Said received signal contains 
8-level modulation, wherein Said demodulator operates 
as an unconstrained demodulator by restricting possible 
levels of Said received signal to a set of eight levels, 
determining which level out of Said eight levels is 
received, and produces 8-level Signaling Symbol deci 
Sions having 3-bits each. 

34. The system of claim 33 wherein said demodulator 
uses a maximum likelihood Sequence estimation processor 
to demodulate Said received signal. 

35. The system of claim 33 further comprising a first error 
correction decoder coupled to Said demodulator and a Sec 
ond error correction decoder coupled to Said demodulator, 
wherein 

when Said demodulator is operating under Said first 
assumption, said first error correction decoder decodes 
Said 4-level signaling Symbol decisions, and 

when Said demodulator is operating under Said Second 
assumption, Said Second error correction decoder 
decodes Said 8-level Signaling Symbol decisions. 

36. The system of claim 35 further comprising a controller 
coupled to Said first and Said Second error correction decod 
erS and to Said demodulator wherein Said first error correc 
tion decoder determines a first quality factor, Said Second 
error correction decoder determines a Second quality factor, 
and 

Said controller uses Said first and Said Second quality 
factors to determine whether 4-level modulation or 
8-level modulation is present in Said received signal, 
and 

directs Said demodulator to operate as Said constrained 
demodulator if it is determined that 4-level Signaling 
Symbols are present in Said received signal, and 

directs Said demodulator to operate as Said uncon 
strained demodulator if it is determined that 8-level 
Signaling Symbols are present in Said received signal. 

37. The system of claim 33 further comprising a controller 
coupled to Said demodulator wherein Said controller deter 
mines whether 4-level modulation or 8-level modulation is 
present in Said received signal, and 

directs Said demodulator to operate as Said constrained 
demodulator if it is determined that 4-level Signaling 
Symbols are present in Said received signal, and 

directs said demodulator to operate as Said unconstrained 
demodulator if it is determined that 8-level Signaling 
Symbols are present in Said received signal. 

38. The system of claim 37 wherein said controller uses 
at least one of an indication signal within Said received 
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Signal and a predetermined transmission format to determine 
whether 4-level or 8-level modulation is present. 

39. The system of claim 38 wherein said indication signal 
is encoded within at least one of a SYNCWORD, a CDVCC 
and a FACCH message. 

40. A System for decoding a signal containing at least one 
of 4-level modulation and 8-level modulation, the system 
comprising: 

a receiver for receiving a Signal; 

a demodulator coupled to Said receiver for demodulating 
Said Signal as 8-level modulation; 

an error correction decoder coupled to Said demodulator 
for performing error correction decoding under at least 
one of the assumptions that either: 
4-level Signaling Symbols are present in Said Signal; or 

8-level Signaling Symbols are present in Said Signal. 
41. The system of claim 40 further comprising a controller 

coupled to Said error correction decoder wherein Said error 
correction decoder determines a first quality factor when 
operating under Said first assumption, and Said error correc 
tion decoder determines a Second quality factor when oper 
ating under Said Second assumption, and 

Said controller determines a received modulation from 
Said first and Said Second quality factors and Sends a 
control Signal to Said error correction decoder to decode 
Said Signal as Said received modulation. 

42. The System of claim 41 wherein Said controller 
determines Said received modulation and Sends Said control 
Signal to Said error correction decoder before Said decoding 
under Said first and Said Second assumptions is complete. 

43. The system of claim 41 wherein said error correction 
decoder further comprises a maximum likelihood Sequence 
estimation processor wherein Said error correction decoder 
determines Said first and Said Second quality factors using 
metrics created by Said maximum likelihood Sequence esti 
mator processor. 

44. The system of claim 40 wherein said demodulator 
creates a Symbol representing 3-bits and Said error correc 
tion decoder removes a third bit from said 3-bits when 
performing error correction decoding under Said Second 
assumption. 

45. The system of claim 40 further comprising a controller 
coupled to Said decoder wherein Said controller determines 
whether 4-level or 8-level Signaling Symbols are present in 
the demodulated Signal, and 

directs said error correction decoder to operate under the 
first assumption if it is determined that 4-level Signaling 
Symbols are present, or 

directs said error correction decoder to operate under the 
Second assumption if it is determined that 8-level 
Signaling Symbols are present. 

46. The system of claim 45 wherein said controller uses 
at least one of an indication signal within Said received 
Signal and a predetermined transmission format to determine 
whether 4-level or 8-level Signaling Symbols are present. 

47. The system of claim 46 wherein said indication signal 
is encoded within at least one of a SYNCWORD, a CDVCC 
and a FACCH message. 


