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TRAFFIC CHANNEL QUALITY
ESTIMATION FROM A DIGITAL CONTROL
CHANNEL

BACKEGROUND COF THE INVENTION

1. Field of the Invention

The present invention relates to the field of communica-
tions. In particular, the present invention provides an
improved apparatus and method for delermining channel
quality based on evalualion of a control channel.

2. Background of the Invention

Wireless commmnication sysiems continue 1o experience
rapid growth to meet the needs of cellular telephone users.
The demand for wireless communication has increased the
owmber of users atiempling o gain access io Lthe system and
has placed higher expeclalions on the clarity provided by
wireless communication systems. For example, users prefer
the audio quality of their wireless service to meet that of a
wired conneclion, and expect wireless service to consis-
tently place a cali. Furthermore, users expect the aumber of
“dropped” calls to be at a minimum.

The expanding wireless systems places a' preminm on
existing cellular sites, and in particular, the available band-
width or bii rate capacity of each base station. The limited
number of suitable locations ai which cellular siles may be
placed tnereases the demands on existing cellular base
station capacity thereby placing an even greater premium oz
the bandwidth of bit rates of existing base stations,

In general, each cellular site operating in cwrrent digital

wireless communication systems, such as for example, GSM’

(Global System for Mobile Communications) use at least
two chapnels over which communication between a mobile
station and a base station (cellular site) may occur-—at least
one data or traffic channel and of at least one control
channel. The data or traffie cbannel shoulders the majorily of
the exchange by carrying the encoded voice or data trans-
mitted between mobile and base stations of the wireless
system.

The control chaonel provides & communication link
between the mobile station and the base stztion for mobile
management tasks. Examples of data exchanged over the
opne or more coairol channels include mobile statiog
location, in-coming call traffic control, billing information,
and security verifications. Similarly, control channels often
provide paging or broadcast services. The amount of data
exchanged over the control channel is refatively insignificant
compared fo the amount of data exchanged over the traffic
chamnel. However, the control channel is very robust
because of the importance of the control channel. Although
not the focus of the present invention, these safeguards way
include extensive redundancy in the form of block-coding
and convolutional coding. The extensive redundancy asso-
ciated with the control channel provides robust error detec-
tion and correction.

SUMMARY OF THE INVENTION

A mobile station is typicaily configured with a fixed
bandwidth or bit rate. The communication system assigns
the total bit rate based on a system standard. This total bit
rate does oot change regardless of channel quality, and is
typically selected for worst case or near-warst-case chaonel
conditions. Accordingly, the maximum number of users per
base statios is alse fixed.

Various methods exist for determining the quality of the
traffic channel. The typical methods include traffic channel
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frame success rate, signal strength, bit error rate on the traffic
channel, and the frame ratio. However, the traffic chaanel
provides an unreliabie channel quality indicator due to its
high incidence of noise. For example, noise or static over the
traffic charnel alrnost atways exists. Likewise, a plurality of
interference generating sources exist, such as a passing
truck, an underpass, or other electromagnetic interference
which are inherent in wireless communication. The high
incidence of inlerference on the raffic channel coupled with
a generally small degree of error correction (redundancy) on
the traffic channel hinders its employ as a reliable channel
quality indicator. . .

The inventors recognized the need for a more reliable and
accurate method of evaluating the guality of the traffic
channel to allow more flexibility in the system, such as
enabling modifying the channel coding and/or permitting =
higher bit or lower bit rate.

The present invention provides a method and apparatus
for use in a digital communication systems, such as GSM, to
more accuraiely evaluate the raffic channel quality, and in
response, modify the channel coding used during the trags-
mission of speech data or modify Lhe channel coding and/or
the effective bit rate on 2 traffic channel. :

The present invention provides an improved method and
apparatus for evaluating the traffic channel quality. An
associated control channel is present during an active speech
call or active data transmission. Because the control channel
is very robust, the contro] chasnel quality is very predictive
of the actual channel guality of the traffic channel where the
trafiic channel and the control channel are related, such as by
frequency, or otherwise experiencing similar interference
and fading. In other words, the efficacy of a channel quality
determination based on the control channel is reliable
because on the control chanzel spurious noise is less likely
to provide a pon-reliable indicator of steady-state charging
channel guality. During an ‘active voice or data call, the
associated control chamnel, such as the Slow Associated
Control Channel in 2 GSM communication system, is moni-
lored lo oblain an estimation of gross bit error rate (BER),
The BER of the copirol chanme! is calculated by reencoding
the successfully decoded information bits and comparing
them to the received bits. In a preferred embodiment, BER
rate is only calculated if a PASS result from block decoding.
The estimated BER, which may be filtered, is then used to
determine the contrel channel quality. The quality of the
conirol chanmel can then be applied to the traffic channel and
used {o select channel coding for the traffic channel which
maximizes the efficient use of system bit rates without
significantly degrading the speech quality. The determina-
tion of the traffic channel guality from the control channel
estimated BER can be made by preset thresholds or variable
thresholds. Where the coatrol channet and traffic channel are
related suck that the control chanpel experiences similar
interference to the traffic chanpel, as in most cases, the
control channel signal quality is predictive of the traffic
channel quality. .

In one embodiment, the invention comprises a method for
estimating the quality of a traffic channel in a wircless
comrpunication system having at least one control channel
and al feast one associated traffic channel, In particular, the
method mvolves receiving a coded version of a control
chaongl signal, decoding and re-encoding the control chan-
nel signal, and comparing the received coded version of the
control chaonel sigoal with the decoded (comected) and
re-encoded control channel signal to determine the differ-
ence between the two. The difference represents errors in the
control channel signal, and is used to calculate the bit error
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rate. Based on the difference, a similar signal quality is
assumed for the traffic chaonel.

In another embodiment, the channel guality estimator
comprises a signal decoder configured to decode an encoded
contral channel signal and a signal storage device configured
lo store the recetved control channel signal while the esti-
mator re-encodes the decoded control channel signal. A
comparaior coupled 1o the re-encoder and the signal storage
device determines the number of bits which differ between
the two. The difference, or bit error rate, enters aa evaluation
module which estimates the quality of the ckannel based on
the bit error rate.

In yet another embodiment, the invention comprises an
error correction controller configured to select the error
correction overhead (channef coding) to apply to signals on
a fraffic channel. The controller comprises a signal decoder
configured to decode an encoded control channel signal. A
re-encoding module re-encodes the decoded (corrected)
signal, and a comparator configured to receive both of the
re-encoded signal from the signal decoder and a stored
signal from a signal storage device (containing the received
signal) compares the two signals. An error corsection selec-

20

tor receives information from the comparator and evaluates -

the control channel signal quality. Based on the contrel
channel signal quality, the selector selects appropriate over-
head (error detection. and correction coding) 1o apply to
outgoing data transmissions on the traffic channel,

In one embodiment, the frame error rate can be used

rather than the bil error rate. As with the bit error rate,
preferably, the decoded control chanael signal is only
re-encoded and the frame error rate calculated if a PASS
restlts from block decoding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates basic components of a wireless com-
muaication system.

FIG. 2 is a block diagram illustrating a chanoel quality
eStimator.

FIG. 3 is a flow chart of a bil error rate evaluator.

FIG. 4 is a block diagram of a base station having a

" channel quality estimator in accordance with the present
" invention. .

FIG. 5 is a block diagram of a mobile station having a
channel quality estimator in accordance with the present
invention. N

FIG. 6 illusirates varying voice frames resulting from
varying the use of overhead in accordance with the present
nvention, )

FIG. 7 illustrates varying data packets based upon channel
quality estimation in accordance with the present invention.

FIG. 8 illustrates varying both the amount of data and the
amount of error correction in accordance with one aspect of
the present invention.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENT

As used in this application, “total bit rate” is the bit rate
of all bits inchuding redundancy. “Effective bit rate” refers to
the bit rate of data bits without encoding redundancy.

FIG. 1 illustrates the basic components of a wireless
communication system, as embodied in a cellular telephone
communication network. Modem cellular communication
systems generally comprise a plurality of base stations 100
(cellular sites) and mobile stations 102. Each base station
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100 generzally comprises a base slahon antenna 104 and base
station architecture 106.

Each mobile station 102 generally includes an antenna
1908 and is ofien located in a hand held unit, an automobile
or other mobile vessel. The mobile stations 102, movable
withta the network, operate to transmit data to the base
stations 106. The base stations 108 are similarly equipped to
transmit. data to the mobile station 102.

In many modem digital communication systems, such as
GSM, the base station 106 and the mobile station 102
communicate over at least two separate chamnels, each
channel possessing a separate frequency or coding scheme,
or nccupying a separate time [rame on the same frequency
wilh the same or different coding scheme. The first channel,
a traffic channel penerally carcies the majority of the data,
either voice or other digital data, which a user desires to
transmit. The control channel provides 2 communication
link between the mobile station and the base station for
mobile management tasks, such as mobile location,
in-coming call traffic conirol, billing infermation, security
verifications, paging or broadcast services. ‘

Transmission over a wireless network often introduces
errors into Lhe digital data stream. To detect and correct these
errors, the traffic channel dala is typically coded with block
and convolutiopal encoding (generally referred to in this
description as error correction overhiead and/or redundancy).
The encoding (error correction overhead) permits the receiv-
ing station to comrect some errors in the signal which occur
during transmission from station to station, Examples of the
type of encoding methods include block coding, convolu-
tional coding and others. Using these types of encoding
patterns, the receiving station can more accurately reproduce
the original speech or data transmission. However, the error
correction overhead on the waffic channel is fixed, and is
generally minimal.

The number of errors which are infroduced during trans-
mission is often referred to as the bit error rate or BER. The
BER is simply a ratio of the number of bits in error 1o the
aumber of total bits received. A high BER indiczies a high
rate of error which is generally cansed by a poor channel.

In the prior art, the overhead, often referred to as forward
emor correction”encoding algorithm or chanmel coding, is
conslanl, regardless of the actwal peed for the particular
channel coding. Likewise, if the traffic channel is configured
to carry digital data, the data rate is held constant, regardless
of the capability of the channel to support an increased data
rate. This is a significant drawback because it restricts
communication systems from adjusting to changing channel
conditions and most efficiently using system bandwidth.

As mentioned previously one or more additional
channels, known as control channels, are maintained
between 1he base station 106 and mobile station 102. The
control channels have a slow eBective bit rate and camry
extensive error correction overhead. The control chaonel
carries exiensive channel coding becanse the accurate
exchange of information over the control channel is essential

. for proper system operation. The extensive error correction

63

capability enhances the robust reconstruction of the signal
transmitted. Examples of the type of data exchanged over
the control channel(s) include, but are not limited to, base
slation selection, mobile station location, billing information
and paging mformatlon

Conventional base stations are lumled in the number of
mobile stations simultaneously supported becanse of the
constant total bit rate capacity. In addition, in titnes of poor
channel quality, current systems do not provide any flex-
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ibility 1o increase channel coding and reduce the maximum
pumber of users. The present inverntion provides fexibility
and tnereases the cfficient use of available bandwidth. In the
present invention, sach base staticn 106 has a maximum bit
rate or a maximum sumber of bits which it may process per
second from all mobile stations combined, The base station
106 is not capable of processiog a greater number of bits per
second than its mxaximum bit rate. This bit rate 1s determined
by the general configuration of the base station electronics
and the petwork. Accordingly, this maximuem bit rate estab-
lishes an absolute maxirown. Thus, a base station 106
always has a maximum oumber of mobile stations 102 it can
support with 1o encoding.

Reducing the error correction overhead reduces the total
bit rate For one the traffic channel for a particular mobile
station having a constanl effective bit rate. Therefore, reduc-
ing the total bit rate exchanged beiween each mobile station
162 znd base station 106 increases the number of mobile
stations which a base station may support. Lowering the
amount of error correction overhead reduces the total bit rate

of the iraffic chanoel on a per mobile basis (leaving the

effective bit rate constant) and consequently allows each
base station 106 o support additional mobile stations 102
within its maximum bit rate constraint {total bandwidth).
Increasing the number of mobile stations 102 which a base
station 10% may service advantageously increases the num-
ber of users serviceable on a network and further reduces the
necd for additional base stations {(cellular sites).

However, when the quality of the trafic channel is poor,
mimmal eror correction algorithms or schemes do not
provide the receiving station with adequate information to
recreate ap accurate signal. Thus, calls may be dropped or
the receiving station (base or mobile) may ipaccurately
recreate the transmitied signals. Increasing the error correc-
ticn overbead provides additional error correction capability,
but this undesirably increases the total bit rate for the
particular mobile station, and consumes valnable base sta-
tion bandwidth. In short, under poor channel conditions,
increasing error correction capability is desirable, while
during periods of robust channel conditions, a high degree of
its error correction overhead is undesirable because it wastes
base station bandwidth with more redundancy than neces-
sary.

In an effort to increase the number of mobile stations 12
a base station 106 may support, and more reliably fransmit
data in accordance with changing signal quality, a wireless
communication system it accordance with one aspect of the
present invention preferably utilizes the control chanrnel to
ascertain the quality of the traffic chamnel and, based on the
quality of the control channei, adjusts the amount of error
correction overhead (selects different channel coding)
included on the traffic channel. Thus, only the degree of
error correction necessary for existing channel conditions is
used.

The traffic channel, existing simultaneous in time and
route with the control channel, experiences interference
which closety maiches that of the traffic channel. The traffic
chanmel provides, therefore, an accurate inference that the
quality of the traffic chaonel mirrors the guality of the
control channel.

Determining the quality of the traffic chapnel based op the
quality of the control channel has many advantages. One
advantage over prior syslems is that data on the control
channel provides a better indication of the true chanuel
quality because the high degree of emror correction included
on the control chianoel allows the receiving station to create
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an exact replication of the transmitied signal, which may be
compared to the possibly corrupted signal which was actu-
afly received. Thus, a more accurate portrayal of true chan-
nel conditions is available using the cortrol chazpel. Using
the traffic channel to monitor signal quality is less desirable
because the traffic channel redundancy is much lower and
e[Tors are common even with Lhe reasonzble chanoel quality.
However, the traffic channel could also be vsed in momior-
ing signal quality and adjusting channei coding and/or bit
rates.
Controf Channel Quality Estimation

FIGT 2 provides™a block’ diagram which iflustrates the
channel quality estimation of the present invention. An
antezna 108, 104 (FIG. 1) or other reception means oblains
an incoming control chaneel signal which enters a demodu-
lator 130, which demoduiates the signal as weli known in the
art. The resulting signal is reverse coded {e.g., reverse

convolutional encoded and reverse block coded) with the .

signal decoder 132, as well understood in the art. The
decoded control channel signal is provided to the conven-
tional conirol channel processing module 134.

In addition, the signal arriving over the control chanoel is
provided te a chanmel quality estimator 150 from the

demodulator 130 and from the decoder 132. The chaosel -

quality estimator 156 evalnates the bit error rate (BER) of
the signal arriving over the control channel. The system may
infer the quality of the traffic channel based on the output of
the channel quality estimator 150 because the corntrol chan-
el and the traffic channel are generally subject fo the same
distorting effects.

The channel quality estimator 150 has a signal storage
unit 138, a signal re-encoding module 136, 2 signal com-
parator 140, a bit error rate determination module 142, an
optional filter 144 and bil error rale evaluation module 146.
An overhead selector 148 receives the outpnt of the estima-
tor 150. '

'The demodnlated coatrol channel signal enters the signal
storage unit 138 from an input 137 to the estimator 15(. The
signal storage unit 138 stores the signal for Jater analysis.
Another input I35 to the estimator 150 provides the decoded
control chanael signal to the signal re-encoding module 136,
As explained above, the decoded signal has undergone
reverse encoding techniques (such as reverse convolutional
(e.g., Viterbi) and reverse block coding) well understood in
the art, so that the decoded signal is an error-free recon-
struction of the transmitted data bits. Indeed, tor the control
channel, the reverse block decoding or cyclical redundancy
check (CRC) is very robust, and a very high confidence is
required to obtain a PASS for the decoded control channel
signal. The re-encoding module 136 re-encodes the decoded
signal. Preferably, the re-encoding is only completed if
PASS was obtained with the reverse block decoding. The
signal is re-encoded so that the received signal and the
re-encoded signal may be compared for differences on a
bit-by-bit basis.

A signal comparator 140 coupled to both the signal
storage unit 138 and the signal re-encoding rmodule 136
compares the received signal with the re-encoded signal on
a bil-by-bit basis to determine the number of bits which are
different between the two signals, Based on this evaluation,
the bit-error-rate determination module 142 calculates at a
bit error rate (BER), for the incoming control channel signal.
The BER determination module of the current embodiment
obtains information about the total number of bits by moni-
toring the signal sforage unit output 139, The BER deter-
mination module 142 is also coupled to via a signal line 141
to the signal comparator 1490. The BER is the oumber of
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incoming bits which are in error or corrupled as compare to
the total number of incoming bits. A low BER indicates a
high quality channel wherezs a high BER indicates poor
channel quality.

It should be undersiond that the BER determination
madule is an exemplary method of determining the quality
of the control channel. The “frame error rate,” also well
understood in the art, could also be used in place of or in
addition to the BER.

In one embodiment, the BER signal enters an optional
filter 144 to provide a more useful representation of the
actuz] BER over time and théreby eliminating mimute finc-
tnations of the BER in time. Filtering the BER reveals more
consistent trends which thereby provide a more acctrate
réprescatation of the true quality of the chanpel through
averaging or smoothing. For example, the control channel
may degrade for a moment while a large vehicle passes.
Decisions, such as switching to a different base station or
modifying the redundzncy of the traffic channel should not
be based on such transient occurrences.

Finally, a BER evaluator 146 analyses the BER. Based on
an evaluation of the BER, either of the base station trans-
mitter or mobile station transmitter may adjust the error
correction encoding used for the cutgeing signal on the
traffic channel. The overhead is selected with an overhead
selector 148. The overhicad selector 148 may be embodied in
many ways, such as program executing on the processor for
the mobile or base station, or both, or as firmware or as a

10

20

scparate circuit. Typically, the monitoring and/or adjustment -~

would take place at the base station 106 because of the
potential for higher processing capabilities at the base sta-

~ tion. However, with a bit error rate determination module in

the mobile station, such decisions ¢an also be made at the
mobile station. The station selecting the encoding lransmils
the selected encoding process to the receiving station lo
enable proper decoding.

As discussed previously, adjusting the overhead incinded
on the traffic channel with the voice data affects the tofal bit
rate between mobile statior 102 and the base station 106.
Reducing the redundancy allows additional mobile siations
102 to gain access to the base station 106. Alterations {o

_ rednndancy may be to alter block coding (e.g, parity)

redundancy and/or alter the comvolutional encoding algo-
rithm or complexity.
Bit Error Rate Evaluator

FIG. 3 jllustrates a flow chart for cne example of the
operation of the BER ¢valvator 146 of FIG. 2. A wireless
commmunpication system in accordance: with the present
invention may be capable of using 2 number of different
encoding schemes. These encoding schemes may involve
different levels of redundancy for varying channel quality.
Accordingly, each scheme would preferably utilize a differ-
ent amount of overhead. Ervor correction schiepes having a
high amount of overhead would provide the greatest amount
of error comrection capability and are best suited. for poor
chanrel conditions. Conversely, etror correction schemes
having minimal overhead would provide little error correc-
tion capability and are best suited for ideal channel condi-
tions. In exceptionally high channel quality {rarely present),
encoding may be dropped entirely, or only parity may be
calculated.

Io the exemplary emboediment described herein, the com-
munication systern includes three error correction schemes
or algorithms, each: being selectively implemented based on
an evaluation of the BER of the controi channel, and each
providing a different degree of error correction overhead
with the signal on the traffic channel. Further, the present
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embodiment also includes three BER thresholds, each BER
threshold causing cither the system to transfer communica-
tion with the mobile station 102 to a new bass station 106 or
the adoption of a differen: error comrection scheme. In
particular, 2 BER threshold defines a range of BER values
which define a se1 mode of operation. When the BER crosses
one of the threshold values, it is al a level which the system
should 1ake action based on the quality of the control
chanpel. However, of course, any aumber of schemes could
be implemenied, and two or more provide an improvement
over existing systems which have no fexibility,

Afier the cnammel quality estimator 159 determines the
BER, the overhead scheme selector 148.(FIG. 2) selectively
adjusts the amount of eror correction overhead applied for
the data on the traffic chanpel. In the exemplary embodiment
described herein, the BER is tested for plurality of the
thresholds. The first threshold (block 180) is set (0 a BER
value representing the lower chanpel quality limit: If the
BER rises above this limit, the number of bits which arrive
corrupted is too great to maintaip an acceptable traffic
channpel communication link between the base station 106
and the mobile station 102 over the existing channel with the
available encoding schemes. Consequently, if the BER is
greater than or equal to the fiest threshold, the communica-
tion network may switch to another physical channel,
anothér frequency, another frame combination (e.g., balf rate
to full rate channel) or ransfers responsibility for commu-
nication to a different base station (block 182).

If the BER is less then the first threshold, the BER is
compared-to a second threshold (block 184). A BER value
between the first and second thresholds represents high error
rales in the sysiem, which are appropriately afforded the
greatest degree of srror comection. I€ the value of the BER
is between the first and second threshold, the overhead
selector 148 causes the transmitting circuitry in either or
bolh of the base station 106 and the mobile station 102 to
assume a first overhead (eacoding) scheme {block 186). The
first overhead scheme incorporates a high degree of error
detection and correction to compensate for the generally
high BER.

Increasing the amount af error correction overhead when
the BER is high (i.e., when the signal is encountering a large
amount of corruption), advantapeously ensures that the
teceiving station obtains adeguate encoding permit accurate
reconstriction of the transmitied data. Systems of the prior
art undesirably hold the encoding scheme constant, even
during poor channel conditions and thus pass static, garbled
sounds and corrupt data 10 a user or subject a user to
“dropped” calls.

If the BER is less than the second lhreshold the BER is
compared 1o a third threshold (block 188). If the BER is less
than or equal to the second threshold bul greater than the
third threshold, a second encoding scheme is selected (block
190}. The sccond encoding scheme incorporates less oves-
head than the first overhead scheme because the lower BER
indicates a better channel quality, requiring less error cor-
rection. Most wireless communication systems in operation
today fix a level of error correction overbead equivalent io
the second error correction scheme. This inflexibility uade-
sirably prevents the wireless network from adjusting the bit
rate on the traffic channel to account for ‘the changing
channel conditions encountered by each of a plurality of
mobile stations. This results in less efficient-use of the base
station bandwidth.

If the BER does not fall within the limits of the second and
third threshold, a third overhead scheme is selected (block
192). When the BER is below the third threshold, the
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overhead scheme selecior selects the third encoding scheme,
The third encoding scheme incorporates the least amount of
redundancy because the low BER indicates a robust channel
which does not introduce corruption on the traffic channel,
and hence does not regquire extensive error correction over-
head. Of course, additional levels of encoding complexity
counld be used, but the more levels that are provided, the
more complex the processing required of the systems, which
adds cost. Advantageonsly, reducing the amount of overhead
included with the data packets or voice frames transmitied
on the traffic channel reduces the total bit rate of each maobtle
station 102 without decreasing the effective bit rate (ie., the
number of bits to represent {effective bit rale) the voice
fransmission remains the same while the total bil rate
decreases). Maintaining the effective (dala) bit rate main-
tains the requisite amouni of information to ensure accurate
and clear voice or data reproduction. Each base station 106
in the network is able (o support additivnal mobile stations
102 because cach mobile station consumes a smaller portion
of a base station’s bandwidth.

FIG. 4 illustrates a block diagram of one embodiment of
a base station 106 incorporating the above-described chan-
nel quality estimator 150 and overhead scheme selector 148
{operating within the processing and control circuits 206).
One embodiment of the base station 106 includes an antenna
104 for receiving radio waves and transforming the radio
waves into electrical signats. The antenna 104 functions in
cooperation with a transmitter 210 and receiver 202. Pro-
cessing and contro! circuitry 206 oversces operation of the
base station 106 and provides the overbead selector 148. The
processing and contral circuitry 206 coordinates operation
of the receiver 202, a decoder 132, a channel quality
estimator 150 and the transmitter 210.

The receiver 202 obtains the incoming signals from the
antenna 104 and performs various functions on the incoming
signal, including, but not limited to demodulation, channel
scparation and signal strength adjustment. Preferably, the
receiver 202 separates the traffic chanpel apd the control
channel, as shown, asd outes both to the decoder 132. In
addition, the receiver 202 is in communication with the
processing control circuit 206 which receives the demodu-
lated conirel channel signal from the receiver 202,

The decoder 132 performs reverse encoding operations,
and applies various error correction algorithms to the incom-
ing signals. An output of the decoder 132 forwards the traffic
channel information to the output circuitry 204. The decoder
132 also provides 1he decoded control channel signal 1o the
processing and control circuitry 206 for communication link
management in 2 conventional manner. The control circujtry
also provides the control channel (prior to and subsequent to
decoding) to the channel quality- estimator 150,
Alternatively; the control channel signal can be provided
directly from the receiver 202 to the channei quality esti-
mator 130, and directly from the decoder 132 to the esti-
mator 150. The channel quality estimator 150 cvaluates the
guality of the control channel in the manner described above
with reference 1o FIGS. 2 and 3. The quality of iraffic
chagnel is generally similar to the quality of the control
channel. The channel quality estimator 150 reports the BER
to the processing and control circuiiry which in conjunciion
allers the error correction scheme (encoding) for the outgo-
ing data on the traffic channel. The transmitter 210 performs
the selected encoding (error overhead) and modulation and
transfers the data to the antenna 104 for transmission.

Other arrangements, either in hardware and/or sofiware
are available as a substilule to the above described configu-
ration which do not depart from the scope of the present
invention.
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FIG. 5 iltustrates a block diagram of one embodiment of
a mobile station 102 incotporating the above described
channel quality estimator and overhead scheme selector 148,
As shown, the components and operation of the mobile
station 102 are generally similar to the components and
operation of the base staticn 106. Accordingly, a detailed
description of the components and eperation of the mobile
station 102 is not repeated. However, if the data on the traffic
channel is voice information, the outpul circuitry 204
includes means to convert the digital data to an analog signal
and amplification means to provide an audible signal to &

speaker (not showny. Because the quality of the chuunsl™

from the mobile station 102 to the base station 106 often
differs from the channel quality from the base station to the
mobije station, both the mebile station and the base station
may incorporate the channel quality estimator 150 and
overhead scheme selector 148 in a prefemmed embodiment.
Incorporating the chaunel quality estimator and overhead
selector on both the mobile station 102 and base station 102
advantageously provides means on each slation to accurately
evaluate the channel quality and adjust the amount of
associated error correction overhead, In another
embodimeni, each stziion may exchange BER information
regarding the incoming control channel signal so that each
station may adjust the amount of error correction overhbead
in direct relation to the quality of the channel over which that
station must transmit data. The particular overhead scheme
selected is transmitted from the appropriate station so that
the proper decoding scheme is selected at the receiving
station. The selected scheme can be transmitted with one or
more bits in each packet or frame, each time a change is
made, or on a scheduled, periodie basis. .
FIG. 6 provides a visual ilfustration of the overhead
adjustments made [0 dala trapsmissions over the traffic
channel in response to control channel quality. Transmis-
sions over digital wireless systems comprise a plurality of
bits. These bits comprise effective data 250 and a certain
amount of error correction overhead 252, 253, 264, both of
which are combined into a voice frame 254, 256, 262. Of
course, as is understood in the art, the overhead is generally
not one block of bits. With convolutional encoding and other
encoding techniques, the redundancy is encoded such that
the actual data bits no longer exist as separate, identifiable
bits. Accordingly, FIG. 6 is merely illustrative of changing

the level of overhead. In addition, the proportions of the data .

and overhead are not intended 1o indicate a precise scale. A
transmitter {n either of base station 106 or mobile station 102
transmit itte frames 254, 256, 262, Since cach frame 254,
256, 262 is comprised of a number of bits, the transmitter
outputs the data at a certain bit rate. As mentioned
previously, for systems of the prior art, the bit rate, or bits
transmitted per second, is generally held constant during the
duration of the communication link, regardiess of chanael
quality. Holding the bit rate constant undesirably limits the
maximum number -of mobile stations 102 which a base
station 106 may support.

Using the principles of the present invention, however, the
transmitting station, the base station 106 andfor mobile
station 102, alters the overhead depending on the quality of
the conirol chanpel. For example, assuming each frame of
FIG. 6 is trapsmitted in the same amount of time, the second
frame 256 includes minimal overhead 253, yet maintains the
same effective data rate for the effective data 250 (voice or
data information). Thus, the total bit rate for the second
frame 256 is lower than for the first frame 254, The overheadd
selector 148 reduces the overbead in response to a low BER
as determined by the channel quality estimator 150 (FIG. 2).
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Accordingly, the reduced overhead 253 results in a reduced
mumber of bits to send. Reducing the bit rate of a plurality
of mobile stations 102 frees bandwidth of the base station
106, thereby allowing the base station 1o support additional
mobile stations. ’
Coaversely, if (he channel quality estimator 150 indicates
a high BER, the overhead scheme selector 148 increases the
overhead. The third frame 262 jllustrates an increase in the
anouni of overhead 264 to provide additional error cormec-
tion capability in response to the high BER value. As shown
however, the system maintains the effective bit rate of the

10

voice . data. 250 {0 ensure a.high quality.signal. But,.the. .

overhead 264 increases as does the total bit rale of the
outgoing frame 262, which in tum comsumes a greater
percentage ol a base station’s bit rate allecation. The
increased error comection overkead 264 desirably ensures
vaice clarity and reduces incidence of dropped calls.

FIG. 7 provides a similar illustration of the advantages of
the present invention when ufilized in conjunction with
digital data transmission for both voice or digital data other
than voice. Digital wireless communication systems gener-
ally maintain a constant sampling rate of the analog voice
signals causing the rate of digital data generated for voice
communication to be generally constant. FIG. & illustrates
the generally constant size of the voice data information 250
However, in another embodiment, for instance when wire-
less communication systems (ragsmits non-voice digital data
or voice data, the effective data rale need not be held
constant, and hence the rate of datz transmission may

increase in response 10 ideal channel conditions, Examples -

of digital data transmission shown in FIG. 7 comprise
transmission of e-mail, facsimile, file download, Internet
access, or voice transmission with changes to voice encod-
ing. While systems of the prior art nndesirably hold the data
transmission rale or effeclive bil rale constant during the
entire communication link even though the channel may
support a higher effective bit rate, systems adopting the
principles of the present invention benefit from the channel
quality estimator 150 (FIG. 2) 1o alter the effective bit rate,

As shown in FIG. 7, the first data packet 300 is exemplary
of a first data/overhead percentage. As shown, the data 302
comprises the majority of the data packet and the overhead
304 comprises a geoerally smaller portion of the signal
packet 300. If the channel quality is too poor to support the
standard bii rate, the overhead may be adjusted.

The second data packet 310 illustrates a situation when
the channel guality estimator 150 (FIG. 2) determines a high
BER on the control chanael. Infetring that the traffic channel
is also encountering corruption, the overhead selector 148
reduces the cffective data rate and increases overhead
thercby sending less data 312. Lowering the effective bif rate
maintains the data link and continues data transmission,
albeit at a slower rate. Hence, the likelihood of a dropped
data link is significantly reduced.

The third data packet 320 illustrales an example of the
channei quality estimator 50 (FIG. 2) reporting a low BER,
a sign of a robust traffic channel. The communication system
takes advaniage of the traffic channel’s ability to support an
clevated effective bit rate and accordingly increases the
amount of data 322 (bits for voice or bits or data), wiile
decreasing the amount of overhead 324. Increasing the
effective data rate effectively decreases the time required to
download a set amount of data or increases the voice quality.
In the case of non-voice data, this in turn reduces the trme
that a communicztion system must maintain the cormmuni-
cation link. Advantageously, this more rapidiy frees system
tesources so -that the base station 106 may support other
mobile data links. '
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FIG. 8 ilustrates yet another application of the channel
guality estimation of the present invention. As depicted in
FiG. 8, the number of data bits, the amount of overhead, and
the overall size of the packet or frame may be adjusted. As
depicted in Figure, a frames or packets 400, 402, 404, 406
differ in the oumber of data bits 408, 412, 416, 4240,
overhead 410, 414, 418, 422 and in the overall length of the
packet or frame. In accordance with the present invention,
channel quality estimation is used to provide flexibility in alk
of these parameters, as depicted in FIG. 8.

Of courss, the principles of the present iovention to adjust

overhead i’ response- to” channel’ quality could also be”

utilized by moritoring the traffic channel itself rather than
the control channel. lHowever, due to the many finctuations
and the inherent uoreliability of the traffic channel to deter-
mine signal quality, the control changel is the more desirable
embodiment. To use the control channel, the requirement is
that the control channel signal quality is representative of the
traffic chanpel quality. This is the case where the channels
are related, as is usually the case. Such relation between the
chapnels may be frequency, frequency band, or-simply
experiencing similar interference or fading,

Methods and apparatus for evaluating the quality of the
control channel other than those described herein may be
employed without departing from the teachings of the inven-
tion disclosed herein. Likewise, those of ordinary skill in the
art may develop other benefits from using the control
channel to evaluate quality of the traffic channel.

For example, in one altematively embodiment the present
invention may monitor the channel condition on a paging
channpel or broadcast channel, both of which are control
chanpels. The estimated BER from these channels can
determine (he bii rale during call setup, thus maximizing the
effective data throughpul or speech quality at the beginning
of 2 call or transmission.

it is contemplated that the apparatus evaluating the con-
trol channel be embodied in haréware and/or software and
integrated into both of a mobile station 102 and/or base
station 106.

Whai is claimed is:

1. A method for modifying the encoding scheme for at
least one connection in a GSM communication system
having at least one eonirol channel and at least one traffic
channel, wherein the traffic channel and the control charmel
are separate channels, said method comprising the steps of:

monitoring the signal quality of said at least one control

chanonel;

assigning a comparable signal quality to said at least one

traffic chaonel; and

selecting an encoding scheme {o apply lo said traffic

channel based upon the comparable signal qguality,
wherein the selected encoding scheme increases an
error correction capability when ihe comparabie signal
quality is below a predetermined parameter, and
wherein the selected encoding scheme decreases the
error comrection capability when the comparable signal
quality is abové the predetermined parameter.

2. The method of claim 1, whereir said control channel
signal is an encoded signal, said step of monitoring com-
prises the steps of: ‘ o

receiving a control channel signal over said at least one

contro! channel;

decoding said control channel signal;

reencoding the control chaunel] signal; and

comparing the received control channel signal with the

re-eocoded control channel signal to determine the
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difference between the received and reencoded sigmal,
said difference representing errors in said control chan-
nol signal.

3. The metkod of claim 1, wherein said control chanrel
signal is an encoded signal, said step of moniloring com-
prises the steps of:

receiving a control channel signal over said at least one

cortrol channel;

decoding said control chaonel signal, and if a PASS

results, reencodiag the control channel signal; and

compariog the received conirol channs! signal with the
re-encoded control chamnel sigpal fo determine the
difference between the received and reencoded signal,
said difference representing errors in said control chan-
nel sigoal.

4. The method of claim 2, wherein receiving a control
chanpel signal comprises using ap antenna to receive a
signal via radio waves.

5. The methed of claim 2, wherein said step of decoding
comprises applying a decoding algorithm lo said sigoal to
obtain a signal representative of the signal prior to initial
encoding.

6. The method of claim 2, further comprising filtering said
difference.

"7. The method of claim 2; wherein the difference is used
to generate a DIt €rror rate.

8. The method of claim 3, wherein the difference is used
to generate a bit error raie. '

¢, The methed of claim 2, wherein the traffic channel
carries digitized voice signals.

16. The method of claim 2, wherein said at least one
contro} chatmel comprises a slow associated control channel
in a GSM syslem. :

11, The metbod of claim 2, further comprising permiltting
additional mobile stations to communicate with a base
station during periods of kigh channel quality.

12. The method of claim 2, wherein selecting the encod-
ing scheme comprises selecting the amount of error correc-
tion overhead.

13. The method of claim 1, wherein said step of selecting
comprises selecting an encoding scheme and a data rate.

14. The method of claim 1, wherein said step of moni-
toring comprises the steps of:

receiving a control channel signal over said at least one

control channel; :

decoding said control channel signal;
reencoding the control channel signal; and
" determining a frame error rate for said control channel.

15. The method of claim 3, wherein said step of moni-
toring comprises the steps of:

receiving a control chanpel signal over said at least one
control channel;

decoding said control channel signal;

reencading the coatrol channel signal; and

determining a frame error rate for said control channel.
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16. An error correction controller selector which selects
the amount of error correction overhead to apply to a traffic
channe! signal in a mobile communication system baving at
least ane control channel and at least one traffic channel, said
controtler comprising:

a control channel signal qualily estimator; and

a traffic channel encoding sclector coupled to sakd controt
channel signal quality estimator, said encoding selector
selecting an appropriste error correction scheme to
apply to data transmissions on said at leasl one traffic
channei in response’ to sail’ comiiol” chaomel signal -
quality estimator, wherein the traffic chanael and the
control chanzel are scparate channels.

17. The error correction controlier of claim 16, wherein
said control channel signal quality estimator comprises a
control channel signal storage module, a control channel
re-encoding module, a comparator coupled to said control
channe!l signal storage module and said re-encoding module,
and an error evaluator, :

18. A station in a wireless communicaiion system coin-
prising:

a0 antenna;

a receiver coupled to said antenna and configured to
receive a signal from the antenna and to demodulate
said signal;

a controf channel guality estimator which evaluates a
signal arriving on a control channel; and

an error correction selector coupled to said control chan-
nel quality estimator and responsive fo said control
channel quality estimator to select error correction
encoding of data transmitted on a Iraffic channel,
wherein the traffic channel and the contro] channel are
separate channels.

19, The mobile station of claim 18, wherein said station

comprises a cellular telephone.

20. The base station of claim 18, wherein said station
comprises a ceflular site.

21. An error correction controller selector which selects
a0 amount of enor correction overhead to apply to a traffic
channel signal in 2 mobile communication sysiem having at
least one control channel and at least one traffic channel, said
controller comprising:

a control, chanael signal quality estimator; and

a traftic channel encoding selector coupled Lo said control
. channel signal quality estimator, said encoding selector
selecting am appropriate error correction overhead
scheme to apply to data transmissions on said at least
one traffic channel in response to said control channel
signal quality estimator, wherein different error correc-
tion overhead schemes differ in ar amonnt of error
correction bits transmitied on said at least one traffic
channel, and wherein the traffic channel and the controt
channel are separate channels.
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