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HIGH-PERFORMANCE HALF-RATE ENCODING 
APPARATUS AND METHOD FOR A TDM SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention is directed toward an 
enhanced half-rate encoding and receiving apparatus and 
method and, more particularly, toWard a half-rate encoding 
and receiving apparatus and method for transmitting and 
receiving half-rate encoded speech at a rate normally asso 
ciated With full-rate encoding. 

BACKGROUND OF THE INVENTION 

[0002] In typical U.S. digital cellular telephone systems, 
analog voice signals are sampled and converted to a digital 
bit stream. In order to save bandWidth and therefore provide 
economic advantage, the digital bit stream is compressed by 
a source encoder before transmission across a radio channel. 

Generally, cellular systems provide for either full-rate or 
half-rate encoding of voice signals. 

[0003] Full-rate source encoding in a typical GSM (Global 
System for Mobile Communications) system utiliZes an 
LPC (Linear Prediction Coding) encoder With long-term 
prediction and regular pulse excitation. The output of the 
LPC encoder is generally 260 bits every 20 milliseconds, to 
give an encoding rate of 13 kbits/s. The 13 kbits/s signal 
output by the LPC encoder is input to a signal expander, for 
example, a channel encoder, Which adds redundancy to the 
bit stream and thereby increases its rate to 22.8 kbits/s. The 
purpose of the redundancy is to minimiZe the consequence 
of bit errors that are often induced by a noisy radio channel. 

[0004] Half-rate GSM source encoding utiliZes a VSELP 
(Vector Sum Excited Linear Prediction) encoder Whose 
output is generally 112 bits every 20 milliseconds, to give an 
encoding rate of 5.6 kbits/s. The 5.6 kbits/s signal output by 
the VSELP encoder is expanded by a channel encoder, 
Which adds redundancy to the bit stream and outputs 228 bits 
every 20 milliseconds, thus increasing the bit rate from 5.6 
kbits/s to 11.4 kbits/s. Again, the purpose of the added 
redundancy is to minimiZe transmission errors. 

[0005] Half-rate encoding effectively doubles the capacity 
of a cellular system. Accordingly, established cellular stan 
dards provide half-rate capability as an economic bene?t 
(tWice as many revenue generating users). HoWever, there is 
some penalty to be paid in return, namely, loWer bit rate 
source encoding, e.g., half-rate encoding, goes hand-in-hand 
With reduced audio ?delity. 

[0006] The above comparison betWeen full-rate source 
encoding and half-rate source encoding assumes that the RF 
(Radio Frequency) channel carrying the encoded signals 
does not introduce transmission errors beyond the correction 
capability of the receiver receiving such signals. In general, 
this is a good assumption because cellular systems are 
typically designed to provide a relatively high SNR (Signal 
to-Noise Ratio), and therefore a relatively loW BER (Bit 
Error-Rate). HoWever, under conditions of loW SNR, a 
loW-bit-rate encoded signal, Whether half-rate or full-rate, 
can suffer severely degraded audio quality. 

[0007] This breakdoWn in performance is important in 
practice, as commercial applications are being developed 
Where a radio system, conforming to an established cellular 
radio air-interface standard, fails to provide the relatively 
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high SNR on Which the half-rate/full-rate trade is premised, 
or Which fails to provide adequate SNR for the effective 
operation of either full or half-rate encoding. Such commer 
cial applications include, but are not limited to, satellite 
communication systems With a cellular-standard air-inter 
face Which inherently has loW link margins, as Well as 
extended-range cellular systems that provide marine tele 
phone service or telephone service capable of penetrating an 
of?ce building, or the like. Moreover, cellular systems often 
experience episodes of signi?cantly reduced SNR caused by 
channel fading and shadoWing, Which may result in 
degraded audio quality. 

[0008] The present invention is directed toWard overcom 
ing one or more of the above-mentioned problems. 

SUMMARY OF THE INVENTION 

[0009] In a transmitter for transmitting communication 
signals across a radio channel, an improved encoder is 
provided including a half-rate encoder receiving a digitiZed 
speech signal and generating a compressed bit stream at 
half-rate, and a signal expander receiving the compressed bit 
stream and generating an expanded bit stream at full-rate for 
transmission across a radio channel. 

[0010] In one form of the improved encoder, the full-rate 
is approximately 2x the half-rate. 

[0011] In another form of the improved encoder, the signal 
expander includes a repeater repeating each bit in the 
compressed bit stream to generate the expanded bit stream. 

[0012] In another form of the improved encoder, the signal 
expander includes a repeater repeating the compressed bit 
stream to generate the expanded bit stream. 

[0013] In another form of the improved encoder, the 
compressed bit stream includes bits classi?ed as one of 
critical, important and unimportant. The signal expander 
includes a plurality of encoders additionally encoding the 
compressed bit stream according to bit classi?cation to 
generate the expanded bit stream. 

[0014] An improved receiver, according to a ?rst embodi 
ment, is provided for receiving a digitiZed speech signal 
transmitted at a full-rate across a radio channel in a Wireless 

communication system, the digitiZed speech signal selected 
from the group consisting of (a) a full-rate encoded digitiZed 
speech signal including a stream of binary bits, and (b) a 
half-rate encoded digitiZed speech signal including a stream 
of binary bits expanded for transmission at the full-rate by 
repeating each bit in the binary bit stream, the improved 
receiver including a full-rate equaliZer, a half-rate equaliZer, 
a sWitch initially routing the received digitiZed speech signal 
to the full-rate equaliZer, Wherein the full-rate equaliZer 
demodulates the received digitiZed speech signal producing 
a full-rate demodulated signal and dibits of information 
corresponding to the full-rate demodulated signal, and an 
analyZer analyZing the dibits of information, the analyZer 
controlling the sWitch to route the received digitiZed speech 
signal to one of the full-rate and half-rate equaliZers based 
upon said analysis. 

[0015] In one form of the improved receiver, the analyZer 
includes an XNOR gate receiving the dibits of information, 
the XNOR gate outputting a logical one if the bits of the dibit 
are the same and a logical Zero if the bits of the dibit are 
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different, a counter receiving the output of the XNOR gate, 
the counter counting the occurrences of logical ones at the 
output of the XNOR gate, and a threshold detector con 
nected to the counter, the threshold detector controlling the 
sWitch to route the received digitiZed speech signal to the 
half-rate equalizer if the number of logical ones counted by 
the counter exceeds a threshold value. 

[0016] In another form of the improved receiver, the dibits 
of information include dibits of soft information, each soft 
dibit including soft values. The analyZer includes a multi 
plier multiplying the soft values of the soft dibits together, 
the multiplier outputting a positive value if the soft values of 
the soft dibit are of like polarity and negative value if the soft 
values of the soft dibit are of different polarity, a summer 
receiving and summing the output of the multiplier, and a 
threshold detector connected to the summer, the threshold 
detector controlling the sWitch to route the received digitiZed 
speech signal to the half-rate equaliZer if the summed value 
exceeds a positive threshold value. 

[0017] In another form of the improved receiver, the dibits 
of information include dibits of soft information plottable on 
a differential constellation having real and imaginary axes, 
each plotted soft dibit representing a complex value of a 
differential symbol. The analyZer includes a rotator rotating 
the differential symbols by 31/4, the rotated differential 
symbols having components on the real and imaginary axes, 
a summer summing magnitudes of the rotated differential 
symbol components on the real and imaginary axes and 
calculating a ratio of real axis summed magnitudes versus 
imaginary axis summed magnitudes, and a threshold detec 
tor connected to the summer, the threshold detector control 
ling the sWitch to route the received digitiZed speech signal 
to the half-rate equaliZer if the calculated ratio exceeds a 
threshold value. 

[0018] In another form of the improved receiver, the 
analyZer includes a rotator rotating the differential symbols 
by 31/4, the rotated differential symbols having components 
on the real and imaginary axes, a squarer and summer 
squaring the complex values of the rotated differential 
symbols and summing the squared values, and a threshold 
detector connected to the squarer and summer, the threshold 
detector controlling the sWitch to route the received digitiZed 
speech signal to the half-rate equaliZer if the real component 
of the squared/summed value exceeds a threshold value. 

[0019] In another form of the improved receiver, the dibits 
of soft information include a real number magnitude and a 
real number phase plottable on a differential constellation, 
each plotted dibit representing a differential symbol. The 
analyZer includes a phase differentiator determining phase 
changes betWeen successive differential symbols, a summer 
summing the phase changes determined by the phase dif 
ferentiator, and a threshold detector connected to the sum 
mer, the threshold detector controlling the sWitch to route the 
received digitiZed speech signal to the half-rate equaliZer if 
the summed phase changes exceed a threshold value. 

[0020] An improved receiver, according to a second 
embodiment, is provided for receiving a digitiZed speech 
signal transmitted at a full-rate across a radio channel in a 
Wireless communication system, the digitiZed speech signal 
selected from the group consisting of (a) a full-rate encoded 
digitiZed speech signal including a stream of binary bits, and 
(b) a half-rate encoded digitiZed speech signal including a 

Oct. 11, 2001 

stream of binary bits expanded for transmission at the 
full-rate, the improved receiver including a full-rate 
demodulation branch including a full-rate equaliZer and a 
?rst CRC (Cyclic Redundancy Check) decoder, a half-rate 
demodulation branch including a half-rate equaliZer and a 
second CRC decoder, a sWitch receiving the digitiZed speech 
signal and initially routing the received digitiZed speech 
signal to both the full-rate and half-rate demodulation 
branches, Wherein the received digitiZed speech signal is 
received by the full-rate and half-rate equaliZers producing 
full-rate demodulated and half-rate demodulated signals, 
respectively. The full-rate demodulated signal input to the 
?rst CRC decoder performing a CRC check on the full-rate 
demodulated signal and producing a ?rst CRC check signal. 
The half-rate demodulated signal input to the second CRC 
decoder performing a CRC check on the half-rate demodu 
lated signal and producing a second CRC check signal. The 
analyZer analyZes the ?rst and second CRC check signals, 
and controls the sWitch to route the received digitiZed speech 
signal to one of the ?rst and second demodulation branches 
based on the analysis. 

[0021] A method of transmitting a digitiZed signal across 
a radio channel is provided including steps of encoding a 
digitiZed signal at a ?rst rate, expanding the encoded digi 
tiZed signal to a second rate greater than the ?rst rate, and 
transmitting the expanded digitiZed signal at the second rate 
across a radio channel. 

[0022] In one form of the transmitting method, the 
encoded digitiZed signal includes a binary bit stream, and the 
step of expanding the encoded digitiZed signal to a second 
rate greater than the ?rst rate includes the step of repeating 
each bit in the binary bit stream. 

[0023] In another form of the transmitting method, the 
encoded digitiZed signal includes a binary bit stream, and the 
step of expanding the encoded digitiZed signal to a second 
rate greater than the ?rst rate includes the step of repeating 
the binary bit stream. 

[0024] In another form of the transmitting method, the 
encoded digitiZed signal includes a binary bit stream having 
bits classi?ed as one of critical, important and unimportant, 
and the step of expanding the encoded digitiZed signal to a 
second rate greater than the ?rst rate includes the step of 
additionally encoding the binary bit stream according to bit 
classi?cation. 

[0025] In another form of the transmitting method, the 
step of additionally encoding the binary bit stream according 
to bit classi?cation includes the steps of deriving parity bits 
from the critical bits, encoding the parity bits to produce a 
?rst output signal, combining the critical and important bits 
and adding six tail bits to produce a second output signal, 
encoding the second output signal to produce a third output 
signal, encoding the unimportant bits to produce a fourth 
output signal, and combining the ?rst, third and fourth 
output signals to produce the expanded digitiZed signal at 
the second rate. 

[0026] In another form of the transmitting method, the 
step of encoding the parity bits to produce a ?rst output 
signal includes the step of encoding the parity bits With a 1/6 
rate convolutional encoder, the step of encoding the second 
output signal to produce a third output signal includes the 
step of encoding the second output signal With a 1A rate 
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convolutional encoder, and the step of encoding the unim 
portant bits to produce a fourth output signal includes the 
step of encoding the unimportant bits With a 1/2 rate convo 
lutional encoder. 

[0027] In another form of the transmitting method, the 
digitized signal includes a TDM (Time Division Multiplex) 
signal. 

[0028] In another form of the transmitting method, the 
second rate is approximately 2x the ?rst rate. 

[0029] A method of receiving a digitized speech signal 
transmitted at a full-rate across a radio channel in a Wireless 

communication system is provided, the digitized speech 
signal selected from the group consisting of (a) a full-rate 
encoded digitized speech signal including a stream of binary 
bits, and (b) a half-rate encoded digitized speech signal 
including a stream of binary bits expanded for transmission 
at the full-rate by repeating each bit in the binary bit stream, 
the method including the steps of receiving the digitized 
speech signal at a receiver, determining Whether the received 
digitized speech signal is the full-rate or half-rate encoded 
digitized speech signal, and activating either a full-rate or a 
half-rate equalizer at the receiver in response to the deter 
mination to demodulate the received digitized speech signal. 

[0030] In one form of the receiving method, the steps of 
determining Whether the received digitized speech signal is 
the full-rate or half-rate encoded digitized speech signal and 
activating either a full-rate equalizer or a half-rate equalizer 
at the receiver in response to the determination to demodu 
late the received digitized speech signal include the steps of 
demodulating the received digitized speech signal at the 
full-rate equalizer, the full-rate equalizer producing dibits of 
information in response thereto, inputting the dibits of 
information to an XNOR gate, the XNOR gate outputting a 
logical one if the bits of the dibit are the same and a logical 
zero if the bits of the dibit are different, counting the number 
of occurrences of logical ones at the output of the XNOR 
gate, and activating the half-rate equalizer to demodulate the 
received digitized speech signal if the number of logical 
ones exceeds a threshold value. 

[0031] In another form of the receiving method, the steps 
of determining Whether the received digitized speech signal 
is the full-rate or half-rate encoded digitized speech signal 
and activating either a full-rate equalizer or a half-rate 
equalizer at the receiver in response to the determination to 
demodulate the received digitized speech signal include the 
steps of demodulating the received digitized speech signal at 
the full-rate equalizer, the full-rate equalizer producing 
dibits of soft information in response thereto, each soft dibit 
including soft values, multiplying the soft values of the soft 
dibit together at a multiplier, the multiplier outputting a 
positive value if the soft values of the soft dibit are the same 
and a negative value if the soft values of the soft dibit are 
different, summing the output of the multiplier, and activat 
ing the half-rate equalizer to demodulate the received digi 
tized speech signal if the summed output of the multiplier 
exceeds a threshold value. 

[0032] In another form of the receiving method, the steps 
of determining Whether the received digitized speech signal 
is the full-rate or half-rate encoded digitized speech signal 
and activating either a full-rate equalizer or a half-rate 
equalizer at the receiver in response to the determination to 
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demodulate the received digitized speech signal include the 
steps of demodulating the received digitized speech signal at 
the full-rate equalizer, the full-rate equalizer producing 
dibits of soft information in response thereto, the soft dibits 
plottable on a differential constellation having real and 
imaginary axes, each plotted soft dibit representing a com 
plex value of a differential symbol, rotating the differential 
symbols by 31/4, the rotated differential symbols having 
components on the real and imaginary axes, summing mag 
nitudes of the rotated differential symbol components on the 
real and imaginary axes, calculating a ratio of real axis 
summed magnitudes versus imaginary axis summed mag 
nitudes, and activating the half-rate equalizer to demodulate 
the received digitized speech signal if the ratio exceeds a 
threshold value. 

[0033] In another form of the receiving method, the steps 
of determining Whether the received digitized speech signal 
is the full-rate or half-rate encoded digitized speech signal 
and activating either a full-rate equalizer or a half-rate 
equalizer at the receiver in response to the determination to 
demodulate the received digitized speech signal include the 
steps of demodulating the received digitized speech signal at 
the full-rate equalizer, the full-rate equalizer producing 
dibits of soft information in response thereto, the soft dibits 
plottable on a differential constellation having real and 
imaginary axes, each plotted soft dibit representing a com 
plex value of a differential symbol, rotating the differential 
symbols by 31/4, the rotated differential symbols having 
components on the real and imaginary axes, squaring the 
complex values of the rotated differential symbols, summing 
the squared values, and activating the half-rate equalizer to 
demodulate the received digitized speech signal if the real 
component of the squared/summed value exceeds a thresh 
old value. 

[0034] In another form of the receiving method, the steps 
of determining Whether the received digitized speech signal 
is the full-rate or half-rate encoded digitized speech signal 
and activating either a full-rate equalizer or a half-rate 
equalizer at the receiver in response to the determination to 
demodulate the received digitized speech signal include the 
steps of demodulating the received digitized speech signal at 
the full-rate equalizer, the full-rate equalizer producing 
dibits of soft information in response thereto, each soft dibit 
representing a differential symbol, determining phase dif 
ferences betWeen successive differential symbols, summing 
the determined phase differences, and activating the half 
rate equalizer to demodulate the received digitized speech 
signal if the summed phase difference exceeds a threshold 
value. 

[0035] In another form of the receiving method, the steps 
of determining Whether the received digitized speech signal 
is the full-rate or half-rate encoded digitized speech signal 
and activating either a full-rate equalizer or a half-rate 
equalizer at the receiver in response to the determination to 
demodulate the received digitized speech signal include the 
steps of demodulating the received digitized speech signal in 
parallel using both full-rate and half-rate demodulation 
branches, performing CRC (Cyclic Redundancy Check) 
checks on the demodulated full-rate and half-rate signals, 
and deactivating one of the full-rate and half-rate demodu 
lation branches in response to the CRC checks. 

[0036] A method of establishing voice communication 
across a radio channel in a Wireless communication system 
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is provided, the method including the steps of transmitting 
a digitized speech signal at a full-rate across a radio channel, 
the digitiZed speech signal selected from the group consist 
ing of (a) a full-rate encoded digitiZed speech signal includ 
ing a stream of binary bits, and (b) a half-rate encoded 
digitiZed speech signal including a stream of binary bits 
expanded for transmission at the full-rate by repeating each 
bit in the binary bit stream, receiving the transmitted digi 
tiZed speech signal at a receiver, determining Whether the 
received digitiZed speech signal is the full-rate or half-rate 
encoded digitiZed speech signal, and activating either a 
full-rate equaliZer or a half-rate equaliZer at the receiver in 
response to the determination to demodulate the received 
digitiZed speech signal. 
[0037] It is an object of the present invention to improve 
Wireless communication performance in loW SNR condi 
tions. 

[0038] It is a further object of the invention to provide 
increased end-to-end performance across radiotelephone 
links that exhibit sub-par SNR, Without requiring extensive 
and costly changes to the system’s basic structure. 

[0039] It is a further object of the invention to expand the 
speech output of a half-rate source encoder to approximately 
tWice the bit rate normally associated With half-rate trans 
mission, so that enhanced half-rate speech is transmitted at 
the rate normally associated With full-rate transmission. 

[0040] Other aspects, objects and advantages of the inven 
tion can be obtained from a study of the application, the 
draWings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 illustrates a prior art GSM time-division 
multi-frame pattern; 

[0042] FIG. 2 depicts four frames of multi-frame N shoWn 
in FIG. 1; 

[0043] FIG. 3 illustrates four frames of full-rate encoded 
transmission in a prior art GSM TDM (Time Division 
Multiplexed) system; 
[0044] FIG. 4 illustrates four frames of half-rate encoded 
transmission in a prior art GSM TDM system; 

[0045] FIG. 5 is a curve of speech quality of a transmitted 
digitiZed voice signal as a function of the source encoding 
rate; 

[0046] FIG. 6 is a curve of speech quality of a transmitted 
digitiZed voice signal as a function of SNR conditions; 

[0047] FIG. 7 is a block diagram of a basic form of an 
enhanced half-rate encoder; 

[0048] FIG. 8 is a curve of speech quality of a transmitted 
digitiZed voice signal as a function of SNR conditions for 
both enhanced half-rate encoding according to the present 
invention and prior art half-rate encoding; 

[0049] FIG. 9 is a block diagram of a ?rst embodiment of 
a communication system With enhanced half-rate encoding; 

[0050] FIG. 10 is a plot of the four possible tWo-bit states 
on the real (I) and imaginary (Q) axes of a full-rate encoded 
signal modulated With rc/4-DQPSK (Differential Quadrature 
Phase Shift Keying) modulation; 
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[0051] FIG. 11 is the plot of FIG. 10 limited to tWo 
possible tWo-bit states for a half-rate encoded repeated 
signal; 
[0052] FIG. 12 illustrates soft value computation in the 
binary equaliZer shoWn in FIG. 9; 

[0053] FIG. 13 is a block diagram of the de-rotator and 
equaliZer shoWn in FIG. 9; 

[0054] FIG. 14 is a block diagram of one form of the 
analyZer shoWn in FIG. 13; 

[0055] FIG. 15 is a block diagram of an alternative form 
of the analyZer shoWn in FIG. 13; 

[0056] FIG. 16 is a block diagram of another alternative 
form of the analyZer shoWn in FIG. 13; 

[0057] FIG. 17 is a plot of the differential constellation of 
FIG. 10, rotated by FIG. 18 is a plot of the differential 
“sub-constellation” of FIG. 11, rotated by 31/4; 

[0058] FIG. 19 is a block diagram of still another alter 
native form of the analyZer shoWn in FIG. 13; 

[0059] FIG. 20 is a block diagram of yet another alterna 
tive form of the analyZer shoWn in FIG. 13; 

[0060] FIG. 21 is a block diagram of another embodiment 
of the receiver shoWn in FIG. 9; 

[0061] FIG. 22 is a block diagram of a prior art encoder 
utiliZing half-rate encoding; 

[0062] FIG. 23 is a block diagram of a modi?ed enhanced 
half-rate encoder; 

[0063] FIG. 24 is a block diagram of a prior art full-rate 
encoder; 
[0064] FIG. 25 is a block diagram of a variant of the 
enhanced half-rate encoder shoWn in FIG. 23; 

[0065] FIG. 26 is a plot of FER (Frame Error Rate) of 
transmitted digitiZed voice signals as a function of SNR 
conditions for both enhanced half-rate encoding (FIG. 25) 
and prior art full-rate encoding (FIG. 24); 

[0066] FIG. 27 is a diagram illustrating operation of a 
prior art full-rate encoder; 

[0067] FIG. 28 is a diagram illustrating operation of 
another embodiment of the enhanced half-rate encoder; 

[0068] FIG. 29 is a curve of the FER of a transmitted 
digitiZed voice signal as a function of SNR conditions for 
both enhanced half-rate encoding (FIG. 28) and prior art 
full-rate encoding (FIG. 27); 
[0069] FIG. 30 is a block diagram of a radiotelephone for 
use With the enhanced half-rate modulation scheme of the 
present invention; and 

[0070] FIG. 31 is a block diagram illustrating the toggling 
of near end and far end radiotelephones of a conversation 
pair betWeen prior art encoding (full-rate or half-rate) and 
enhanced half-rate encoding. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0071] FIG. 1 illustrates hoW the GSM time-division 
framing pattern in a TDM system accommodates the bit 






















