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Field of the Invention

This invention relates to communications
systems, and more particularly to mobile radiotelephone
communications systems which communicate with
terrestrial base stations or orbiting satellites.

Background of the Invention

Radio communications systems are increasingly
being used for wireless mobile communications. Radio
communications systems use mobile radiotelephones which
communicate with terrestrial base stations or orbiting
satellites. An example of a mobile radiotelephone
communications system is a cellular telephone system.
Cellular telephone systems are wide area communications
networks which utilize a frequency reuse pattern. The
design and operation of an analog cellular telephone
system is described in an article entitled *"Advanced
Mobile Phone Service” by Blecher, IEEE Transactions on
Vehicular Technology, Vol. VI2%, No. 2, May 1980, pp.
238-244. The analog mobile cellular system is also
refexred to as the "AMPS" system.

Recently, digital cellular telephone systems
have also been proposed and implemented using a Time-
Division Multiple Access {(TDMA) architecture.

Standards have also been set by the Electronics
Industries Association (EIA) and the Telecommunications
Industries Association (TIA} for an American Digital
Cellular (ADC) architecture which is a dual mode analog
and digital system following EIA/TIA document IS-54B.
Telephones which implement the IS-54B dual mode
architecture are presently being marketed by the
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marketed by ffi€popiie radiotelephone, the antenna is typically mounted
on the vehicle body. In a handportable mobile
radiotelephone, the antenna typically projects from the
housing of the handportable radiotelephone. Proper
orientation of the antenna relative to the

15 radiotelephone communications signal is important for
clear reception without distortion or dropouts. As is
well known, often a slight reorientation of the antenna
produces a marked improvement in radiotelephone
reception. For example, handportable phones suffer a

20 loss of signal strength when the transmission is being
received from the other side of the user’s head. Head
blockage can cause 6dB loss of signal.

Because antenna orientation is so important

in a mobile radiotelephone, many mobile radiotelephones

25 provide a display of the received signal strength of
the radiotelephone communications signal, which can
prompt the user to reorient the antenna. Moreover, the
quality of the received signal in an analog or uncoded
digital mobile radiotelephone system tends to degrade

30 gradually with increasing misalignment of the antenna.
Thus, the noise level tends to gradually increase,
which can prompt the user to reorient the antenna, by
moving the vehicle or the handportable radiotelephone,
in order to reduce this noise.

35 It is now common to employ digital speech
coding and/cr digital erxror correction coding in radio
communications systems, in ordexr to improve

This Sheet Has Been Re ﬂ

L



- 2- assignee of the present invention. D fferent standards have
been promul gated for digital cellular phone systens i n Europe. The
Eurepean digital cellular system also referred to as GSM al so uses a
TDVA architecture. 5 As is well known to those having skill in
t he amoommaksil e radi ot el ephones include an ant enna angcruser03sss i
transcei ver for receiving radi otel ephone comuni cati ons via the nobile
radi ot el ephone antenna. In a vehicul ar “3Sobi | e radi ot el ephone, the

antenna is typi C%lginﬁuﬂgligéfgzhéoef@ﬂ:}é}f&weh' 1% B9 a1 Bod ﬁ]”;gﬁﬂﬁ}.@é)' e

nobi | e radi ot ne e ante yp| cally 0] ects
housi ng of the h&ﬁﬂBB?%ﬁ%F%"‘F%d?‘bt%?%% Eﬁ?—!’?‘ Lo VBFY chPUt $HINDX- t he
antenna rel ati vetbenbhse r aalt bb=| pHeve as 2d!aom'url|esst,| oshsvghal sharp

| mortant for ol eatoEeosRibn il il sifiis obndl gligRaut s S s

wel I known, oft reorirentatio nna_produces a
mar ked nﬁro@éﬁﬁﬂflthmt‘a‘Eﬁ AR Rt qreé’é‘ﬁPfiSF} sFﬁF"@%aﬁ'El tost and
hahdport abl e phodssrepléeed awitds amfalvuptalcutbifEnbelowhant hreshdkd .

transmssion is Bgi BUcheEsVEM fdRd Naddid Yomtufl@c8t ions systems,
poor orientation can cause the signal strength to fall
below the threshold so that communications abruptly
10 cease. The decrease in signal strength is not
accompanied by an increase in noise level which could
prompt antenna reorientation.

Summary of the Invention
It is therefore an object of the present
15 invention to provide systems and methods for orienting
mobile radiotelephone antennas relative to received
mobile radiotelephone communications.
It is another object of the invention to
provide methods and systems for orienting antennas in
20 digital mobile radiotelephones which employ coding
techniques and thus produce a threshold below which the
signal is cut off.
These and other objects are provided
according to the present invention by a mobile
25 radiotelephone which injects an audible alignment
signal, which is a function of the orientation of the
radiotelephone antenna, into the audible radiotelephone
communications. The audible alignment signal prompts
the radiotelephone user to reorient the radiotelephone
30 antenna for improved alignment relative to the source
of the radiotelephone communications.
In particular, the received radiotelephone
communications have a received signal strength which is
a function of the location of the radiotelephone
35 antenna. According to the invention, an audible
alignment signal, which is a function of the received
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5 be a function of another parameter which indirectly
depends on signal strength, such as distortion or ncise
level. The audible alignment signal is preferably
artificial noise which is injected into the
radiotelephone loudspeaker along with the
10 radiotelephone communications signal, and thereby
_restores subjective graceful degradation behavior to
the received radiotelephone communications. By
artificially restoring subjective graceful degradation
behavior, the present invention prompts the user to
15 reorient the radiotelephone antenna for receiving
radiotelephone communications.

A mobile radiotelephone according to the
present invention includes means for receiving
radiotelephone communications, including an antenna and

20 a radio transceiver. 8Signal strength indicating means
is responsive to the receiving means for producing a
signal strength indication which is a function of the
signal strength of the received radiotelephone
communications. As described above, the signal

25 strength indication may be a direct or indirect
function of signal strength. Acoustic transducing
means, which typically includes one or more
loudspeakers or earspeakers and which may include voice
codecs and other circuitry, is responsive to the

30 receiving means and to the signal strength indicating
means to produce an audible signal which combines the
received radiotelephone communications and the signal
strength indication, such that an audible signal
strength indication is provided along with audible

35 radiotelephone communications.

The present invention is particularly useful
in digital coded mobile radiotelephones or other mobile
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5 communications signal is above a threshold and which
suppresses or cuts off the audible radiotelephone
communications signal when the received signal strength
is below the threshold. In such a radiotelephone, the
signal strength indicating means produces a warning
10 signal which is a function of the received strength of
the radiotelephone communications signal to indicate
that the received signal strength is approaching the
threshold.
The signal strength indicating means
15 preferably comprises means for producing artificial
noise which increases as a function of the decrease in
the received signal strength of the radiotelephone
communications signal, to thereby indicate that the
received signal strength is degrading or approaching
20 the threshold. Preferably, the artificial noiese
increases as a function of the decrease of the received
signal strength from a received signal strength which
is above the threshold to a received signal strength
_which is below the threshold, to thereby indicate that
25 the received signal strength is approaching the
threshold and has passed through the threshold.
However, audible indications that increase in intensity
with increase in signal strength may also be used.
Thus, even after the radiotelephone communications
30 signal has been suppressed, the artificial noise level
can still prompt the user as to antenna reorientation
which will restore communications.
The artificial noise can be any signal which
is different from the received radiotelephone
35 communications and which changes as a function of
antenna orientation. For example, the artificial noise
may be broadband white noise or pink noise, a single
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approaching the threshold. This changing periodicity

10 signal may sound like a radio tuning indication. The
artificial noise may also be a synthesized voice
message such as the audible word "move", which
increases in amplitude or frequency as the received
signal strength decreases.

15 The present invention is also particularly
useful with mobile radiotelephone systems which use
automatic power control at the transmitter (terrestrial
base station or satellite). These transmit power
control systems cause the transmitter to increase its

20 power in response to an indication from the mobile
radiotelephone that the mobile radiotelephone is
receiving a low signal strength. This automatic power
control system provides an even sharper threshold
because it prevents signal degradation for slow

25 decreases in received signal strength which the
automatic power control system can track, until no more
power can be provided.

According to the invention, a transmit power
indicating signal is transmitted by the transmitter

30 along with radiotelephone communications. The audible
alignment signal is alsoc made responsive to the
transmit power indicating signal which is received by
the radiotelephone, to thereby produce a signal
strength indication which is a function of the signal

35 strength of the received radiotelephone communications
and of the transmit power of the received

radiotelephone communications. Thus, for example, as
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5 The present invention prompts a user to
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The user can be prompted to reorient the antenna before
10 audibly degraded communications is reached. Improved

mobile radiotelephone communications are thereby

provided.

Brief Description of the Drawings

Figure 1 is a block diagram of a mobile

15 radiotelephone wherein the present invention may be
used. '

Figure 2 is a block diagram of a receive
Digital Signal Processor (DSP)} which produces an
alignment signal according to the present invention.

20 Figure 3 illustrates operations for producing
a first alignment signal according to the present
invention.

Figure 4 illustrates operations for producing
a second alignment signal according to the present

25 invention.

Figure 5 is a block diagram of received
signal processing according to a second embodiment of
the invention. '

Figure 6 ia a block diagram of a demodulator

30 according to the second embodiment of the invention.

Detailed Description of Preferred Embodiments
The present invention now will be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
35 of the invention are shown. This invention may,
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100 may be a vehicular mobile radiotelephone but is
preferably a handportable mobile radiotelephone.
Mobile radiotelephone 100 typically receives
radiotelephone communications 150 from a terrestrial
base station 155 or an orbiting satellite (not shown).
Figure 1 is a simplified representation of a dual-mode
cellular radiotelephone which is described in greater
detail in U.S. Patent Application Serial No.
07/967,027, entitled "Multi-Mode Signal Processing" by
coinventor Paul W. Dent and Bjérn Ekelund and assigned
to the parent company of the present assignee, the
disclosure of which is hereby incorporated herein by
reference.

Briefly, antenna 145, radio transceiver 140
and receive Digital Signal Processor (DSP) 125 function
as means for receiving radiotelephone communications
150. Receive DSP 125 processes the signal which is
received from the radio transceiver 140 via DSP
interface 135 and produces a digital audio signal which
can be applied to voice codec 115 for transmission over
an acoustic transducer such as a loudspeaker 110.
Transmit DSP 120 receives a digitized voice signal from
microphone 105 via voice codec 115 and provides this

" signal to DSP interface 135 for transmission by radio

35

transceiver 140 and antenna 145. Microcontreller 130
controls some or all of the components of the mobile
radiotelephone 100. The design of mobile

By

A

means to produce an audi bl e signal
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mayiﬁél %o&cgkgmple, a Texas
Instruments C53 Digltal Signal Processor. However, the
present invention may also be embodied, in part, as a
stored program executing on microcontroller 130 or on
another processor. Alternatively, custom logic

10 designs, or combinations of software and hardware may
be used. In an analog radiotelephone system, analog
components may be used.

Referring now to Figure 2, a block diagram of

receive DSP 125 of Figure 1 which is configured

15 according to the present invention, will now be
described. As shown in Figure 2, receive DSP 125
includes communications signal producing means 210
which produces a digital received radio communications
(voice) signal 250 from the radiotelephone

20 communications which is received from DSP interface
135. Communications signal 250 is applied to voice
codec 115 for conversion to an analog signal, which is
supplied to loudspeaker 110 to produce audible
radiotelephone communications. Communications signal

25 processing means 210 may include digital speech
decoding and error correction functions to produce an
abrupt cutoff receiver using techniques well known to
those having skill in the art. 1In such a coded digital
system, an audible radiotelephone communications signal

30 1is produced when a received signal strength of a
radiotelephone communication is above a first
threshold, and the audible radiotelephone
communications signal is suppressed when the received
signal strength is below a second threshold.

35 " 8till referring to Figure 2, receive DSP 125
alsc includes alignment signal producing means 220.
Alignment signal producing means 220 may receive an
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220 produces an alignment or warning signal 240 which
is a function of the received signal strength of the
radiotelephone communications signal.
The alignment signal 240 is injected into the

15 audible radio communications signal by combining the
digital received radio communications signal 250 and
the alignment signal 240 at summer 230. Summer 230
produces a combined signal 260 which is provided to
voice codec 115 for conversion to an analog signal and

20 broadcast over loudspeaker 110. It will be understood
that the radio communications signal 250 and alignment
signal 240 need not be combined, but rather may be
separately provided to one or more loudspeakers or
earpieces 110, as long as an audible alignment signal

25 is injected into the audible radiotelephone
communications. In the embodiment of Figure 2,
alignment signal producing means 220 and summer 260
form injection means for injecting an audible alignment
signal which is a function of the orientation of the

30 radiotelephone antenna, into the audible radiotelephone
communications. Acoustic transducing means, such as
loudspeaker 110 and voice codec 115 are responsive to
receive digital processor 125 to produce an audible
signal which combines the received radiotelephone

35 communications signals 250 and the alignment signal
240, such that an audible signal strength indication is
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whi ch change in anplitude or frequency as the signal strength
decreases. Alternatively, the artificial noi se may be a periodic

si gnal, suc{oagsisse! | Ck or 5 chirp, the repetition peri ogigikgadss Whi ch
changes as a function of changes in the received signal strength of
t he radi ot el ephone connunlcatlons signal, t®7ndicate that the

recei ved si gnal stk eqh d gﬁﬁbl“g t he threshol d.
Thi s changi ng per| %h f%ﬁ%’%i%ha glg&esgﬁ%daﬁgk a Tadio t uni ng

i ndi cation. The C°mm%ﬁ%¢§Q%SQﬂ noi se may al so be a synthesi zed voice
message such as the audi bl Refrtingdnow, tohFidure 3, icperagionsi foanpl i tude

or frequency as thg 5eChlY Sl rirst ShBBAinsht 08 L CLeHg%?n%%%- signal

5 {Block 220 of Figure 2) will now be described. 1In
particular, at Block 310, a signal is produced which
increases as a function of decreasing received signal
strength. At Block 320, an artificial noise signal is
generated and is scaled or amplified by the signal

10 which is produced at Block 310. Accordingly,
artificial noise is produced whose amplitude increases
as a function of decreasing received signal strength,
thus pioviding an artificial indication of gradual
degradation of signal strength. At Block 330, the

15 amplified artificial noise is injected into the audible
radiotelephone communications.

It will be understood by those having skill
in the art that the artificial noise signal can be
white noise, pink noise or any other kind of broadband

20 noise, or may be single or multiple frequency noise
such as sinusoidal noise or multiple sinusoids whose
amplitudes increase or decrease with a reduction of
received signal strength. Preferably, an audible
indication which increases with signal strength is

25 chosen to have "pleasing" characteristics, such as a
musical major chord, while an audible indication that
increases with worsening signal would be given "non-
pleasing” characteristics, such as white noise or a
discord. 1In a digital system which provides an abrupt

30 threshold below which communications cease, the
artificial noise signal preferably becomes audible .
above the threshold and becomes stronger as the
received signal strength passes through the threshold
and drops to below the threshold, to prompt the user to

35 reorient the radiotelephone antenna to restore
communications.
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i n responsgole9apgy i ndi cation fromthe nobile radi ot elpgp, gﬁ%bgat
nobi | e radi ot el ephone is receiving a | ow signal strengt

power

aut omati c power

control system providés an even shar per t hr eshol

because it prevents signah gegradatlon for_slow 25 decre es in rece

signal strength which the s*®

until no no
i nventi on,
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embogdmentc330hechr adigenent signal produc;Agccndiog to
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i ved

309 oRRY i t° JABFE T Gt PoiSeEPBEem can track,

t he
t he

i ndi cati ng sﬁgmﬁeqnmaﬁingsree@eve@dsbgnal Stnﬁnghhadﬁ@tyheph&neadyo t her eby
produce a signaldescrivell 8A0EBnhast £84 i RIEIMBIEK 318 . URRt BRBRS 424€ si gnal

35 strength of the recei ved radiotel ephon ni_cati ons and’ of
t ransni tgpower 5t SEFEN %efé?f}gg 18 prﬁ%ﬁ%t@@&ﬁdﬁ’é”@&ﬁ?ﬁn?@aﬁ ons. Thus,

for exanple,

as function of increasing transmit power.
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It will be understood by those having skill
in the art that in mobile radiotelephone systems which
use automatic transmit power control, the base station
155 (Figure 1) or satellite increases its transmit
power in response to an indication that the mobile
radiotelephone 100 is receiving a less than desired
signal strength, and decreases its transmit power in
response to an indication that the mobile
radiotelephone 100 is receiving a greater than desired
signal strength. According to the invention, an
indication of the base station or satellite transmit
power-is provided in downlink transmissions of
radiotelephone communications 150 which are received by
the mobile phone. Accordingly, at Block 220, a second
signal is produced which increases as a function of

increasing transmit power from the network. The

audible indication is thus controlled by feedback from
the network prompting the user to reorient his antenna
in order to improve either up- or downlink.

Continuing with the description of Figure 4,
at Block 430, the first and second signals are combined
to produce a third signal which varies as a function of
the first and second signals. For example, the third
signal will increase as a function of decreasing
received signal strength but will also increase as a
functien of increasing transmit power. Accordingly,
when transmit power is increased, the alignment signal
will increase to prompt the user to reorient the
antenna so that the transmitter can produce lower

t he
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-7- the transmt power increases, the anount of artificial

noi se which is injected also increases, to thereby pr onpt
reorientation of the antenna so that reduced transmt power |evels
can be usego 381 The present invention pronptsperhSéfnsss .
reorient the radlotelephone antenna for better reception by injecting
an audi ble artificial n0|se signal i™3% the audi bl e radi ot el ephone

conmuni cati ons. e user b d t,0 rearient the an enna
before 10 auditidP f&é’&rCon‘gﬁ ﬁ%g?go ‘g& aa?'rf«ﬁi’ 51
mobi | e radloteIaphumm¢a§3WWQNJBépckn$4ﬁrethheaxﬁailclal ppowﬁdsdgnal is

Brief Descripti wﬁrﬂdaacDrsawnamssuch as a sine wave @i @1icks,achkock
di agram of a'rnﬂ¥requency of which is varied based on the value of the
5 third signal. Thus, this wvariable frequency artificial
noise signal provides a tuning indication wherein, for
example, higher frequency indicates lower signal
strength and higher transmit power. At Block 450, the
artificial noise is injected into the radiotelephone

10 communications.

Accordingly, the present invention produces
an audible alignment signal which is a function of the
orientation of the radiotelephone antenna {and also
possibly the transmit power of the base station or

15 satellite) which indicates alignment or misalignment of
the radiotelephone antenna for reception of the
radiotelephone communications. The user is then
prompted to reorient the antenna so that the alignment
signal decreases. The invention provides a graceful

20 degradation indication which can be used in analog
gsystems to provide a graceful degradation indicator
before actual system noise begins to intrude, and can
be used in digital systems which employ coding to
indicate that a cutoff threshold is about to be

25 approached, or has been passed. The user is prompted

' to reorient the antenna and restore a high quality
signal.

Referring now to Figure 5, a second
embodiment of the present invention is illustrated.

30 Figure 5 illustrates a different partitioning of the
block diagram of receive signal processing in either a
radiotelephone or a transmitter (terrestrial base
station or satellite). PFigure 5 is a functional
partitioning corresponding to Figure 1 which is a

35 hardware partitioning.

Signals plus noise and interference are
received at antenna 145 and downconverted by radio



15 radi ot el ephone wherein the present invention nay be used.

Figure 2 is a block diagramof a receive Digital Signal Processor
(DSP) whi ch produces an alig al-—according to the present
|n}/ent|tonI 20 t I Figuae rmﬂyﬁgfgtﬁgsqgggatlons for producing
afirst a ment signal accordingjto t et ntion

Fi gure 4 W P%@@F?htesgoperatlons f Al sec ﬁppﬁﬁﬁenf
signal according to the present 25 I nvexrg4 on. Figure 5is
a bl ock diagram of received i gnal processing according to a second

enbodi nent of trangggiver 4o nd digitized to obtqqngl;\r signat a bl ock
fllnsg;] ?Pﬁoﬁf a depashdairiac iz s&@ﬁabﬂlénﬂoi‘%idﬁﬂﬁ@l@ﬁm@ﬁb@dbﬁﬁ@ingf t he
The present | nARRTEIE BSE A PRecRSSEr: pab bl BGEAER FIThat oy
with reference t® pérform demgéakpéhynngn@r%wwqxﬁsonnequqghdppeﬂemged
enbodi ment s 5 35cumdtidifs isReRL BBtaif algital shikolisrepree8niBig
coded speech. The coded speech is further decoded in
DSP 125 and converted to analog speech by CODEC 115,
which functions are designated as Block 510 in Figure
5. Block 500 also decodes command messages and passes
10 them to control processor 130. Block 500 also produces
a signal quality indication representing the
probability that decoded bits passed to speech decoding
510 are error free.
Speech decoder 510 may include the ability to
15 ignore bits indicated to be unreliable and to output
default speech sounds or otherwise conceal the effect
of erroneous bits by a process known as "speech
parameter interpolation". Error concealment may
include outputting "comfort noise" during periods of
20 unreliable signal. The comfort noise avoids abruptly
cutting off all acoustic output which gives the
undesirable impression of "chopped" speech. According
to an embodiment of the present invention, the
. demodulation and decoding function 500 can additionally
25 output a signal representing the radio noise which was
removed in the decoding process, as will now be
described.
pDemodulation and error correction decoding
may be advantageously performed by a maximum likelihood
30 sequence estimator according to U.S. Patent Application
Serial No. 08/305,727 entitled “Channel-Independent
Equalizer Device” to coinventor Dent, filed September
14, 1994, the disclosure of which is hereby
incorporated by reference herein. Referring to Figure
35 6, a Viterbi sequential maximum likelihood sequence
estimator includes a State Memory 65 for storing a
number of hypotheses of a received symbol sequence

i \|ii\Tﬁfi i
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—8- however, be enbodied in many different forns and should not
be construed as linmted to the enbodi nents set forth herein; rather,
t hese enbodi nents are provi ded so that this disclosure will be

t horough and conpl ete, and 5 wll fully convey the scop Lnvention
to those YO |ed' in the art. Like numbers refer to Ifﬁ@aﬂkﬁ&”élenbnts
t hr oughout . Referring now-4is-Figure 1, a functional block

di agram of a nobil e radiotel ephone wherein the present 10 invention nmay
be used, is shohegawisn withdroparhpheweic for maehrkapeis vehicul ar nobile

r adi ot el ephone mépﬁe%en:atmbeiaeraﬁinmatmmsamlmt@bl bPeotadi gl ephone.

Mbbi | e radi ot el ephone 100 t |caI [ ecei ves di ot.e hone
communi cat i ons fgl" rJ‘sesa“’[ F’estg%Ps‘%g%te%e{t’soede é‘[’al é’% fé 3 an orbiting

satellite (not sHuwyde a modﬁﬂgefet!neusr%v%sarﬁﬂqq ick@nnegr dsannedi Sronf a
dual - node 5 GRldedsingdl khowapbobessdiiaitd calawey abedaliniggeat er

sequence or syncword. The latter information is

embodied in the Reference Vector Arrays in State Memory
65.
Transmitter model 60 computes an expected
10 signal value corresponding toc a new bit hypothesis on
the assumption, for each state in turn, that the
previous hypotheses are true. The expected signal
value is compared with the received signal value in
comparator 61 to obtain the difference. The difference
15 is a measure of the error between the hypothesis and
the actual received signal sample, which error is only
due to radioc noise in the case that the hypothesis is
correct. The mismatch indication is added to the
previous path metric corresponding to the tested
20 hypothesis to obtain a new cumulative mismatch or path
metric.
Adder 62 forms the new path metric from a
state having a leftmost bit in the Current Hypotheses
. memory equal to binary ‘0’, while adder 64 forms the
25 new path metric for a corresponding Current Hypothesis
which differs only in the leftmost bit position being a
binary ’1’. Comparator 63 compares the two new path
metrics and selects the lower one and all corresponding
contents of the associated state memory to become the
30 new contents of a state memory, with a left shift of
the leftmost bit (which will be a 0 or a 1 according to
which state gave the lower path metric) out of Current
Hypotheses and into Already Processed part of the
memory. All previous hypotheses are tested with both
35 0’ and ’1’ as the hypothesis for a new bit and after
processing all these hypotheses the number of states
left will be the same as before but all path metrics



detail in U S. Patent Application Serial No. 07/ 967,027, entitled

"Mul ti-Mde Signal Processing” by 20 coinventor Paul W Dent and Bjorn
Ekel und and assi gned to the parent conpany of the present assignee,

t he di scl osure of which is hereby incorporated herein by

reference Briefly, antenna 145, radio transceiver 140 25
and recei vé’Wfal Si gnal Processor (DSP) 125 function PCTUSSE®SHans f or
receiving radiotel ephone communications -3~ 150. Receive DSP 125
processes the SI nal which is received fromthe radio transceiver 140
via DSP fhave beenamgdpredutesthe dlgwenl ofiudico cxingiaglednhi ch 30

can be applied détﬁcus:en@oaeeoaié fRL11 M RAGE SR LMY gcoustic
transducer such as a | ouds eake ransmt DSP fﬁb ecelves a

di gitized voice_ signal f ation ﬂ?c?b%ﬂﬁﬁe SERihece idomere115 and
provides this detallsmgn&hetenDSPponaEeﬂapatéﬁﬁiépplidaﬂiam sspon by radio

35 transcelﬁ/ﬂde%&x@iﬂo&nbenaawléé caﬁﬂﬁé%&ﬁfﬂé (Jgﬁ%l ide a control s
gphone

sone or all of onpanen he npbi 100 The
desi gn of nDbl|égﬁ ﬂ% RS E dzca&lon accord;ng to an e odlment of

the present invention.
As stated previously, the comparator 61

computes the difference between a hypothesized signal

10 wvalue and an actually received signal value, which
difference will be due only to radioc noise in the case
the hypothesized signal wvalue is true. Instead of
discarding this computed difference, an embodiment of
the present invention records the differences alongside

15 each data symbol in the Already Processed part of the
state memory. When error correction coding produces
several transmitted samples per original data bit to be
transmitted, transmitter model 60 will likewise produce
several signal samples for comparison and comparator 61

20 will test these plural samples to obtain several
differences. These differences are normally combined
as a sum of squares to obtain the mismatch indication
before being discarded.

. According to the embodiment of the invention,

25 the differences are saved in the state memory 65
against each processed bit decision. The saved
differences from one state are allowed to overwrite the
saved differences of another state when one of two
compared hypotheses is selected to survive by the

30 Viterbi process. The final bit decisions made by the
Viterbi MLSE processor are those which minimize the sum
square differences. Accordingly, the residual errors
are likely to be due only to radio noise and not to
incorrect bit decisions. The saved differences are

35 therefore equal to the received radio noise and may be
output to speech decoder 510. Speech coder 510 can add
the radio noise samples to the audioc signal so that the
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radi ot el ephone 100 is well known to those having skill in the art and
need not be described further herein. The present invention
is preferably enbodi ed, in part, as a stored program whi ch executes
on the wo egassie DSP 125, which may be, for exanple, apbanuse7/03558 .
Instrunents C53 Digital Signal Processor. wever, the pr esent

i nvention may al so be enbodied, in part, as'a stored program
executing on m CﬁQ&P'Ur.fﬂ lt?éaxligx erae'ﬂ rep res@ﬂ@é@ﬂin MPQ‘?:%S‘%radlo
Alternatively, customTogic e5| or nbi nati o of s ftware and
har dwar e nmay n°¥ﬁPLER§FaQQ?%%$te rYéﬁ?o?E? analog
conponents may bgigw&l-to-noise ratio ananbervch@ppEnmthy Emguabrﬁpta bl ock
di agram of thEES YR P ehed e oﬁaggrﬁrac&@éch 's configured 15
according to the present invention e cr| bed. As shown

in Figure 2, Peceive DSp f¥gital rﬂ@ﬁ&Fﬁ&@BE%?ﬁﬁnﬁﬁiﬁu? Ysi gnal produci ng
means 210 dbgitigatoihr e speieght alignatei often adicorponatel extrpwns

(voi ce) signal 2&91;&&9{@{:&%&@9'43 Sle8iNglCerrdP COFFRMYIGH icainghi ch is
recei ved fron1DSP I nter ace
For example, a Cyclic Redundancy Check (CRC) code is

often appended tc the most perceptually important bits

10 in a digital speech transmission. When the CRC check
fails, the erroneous bits are prevented from causing
unwanted acoustic artifacts by various error
concealment strategies alsc known as "deburping®. Such
deburping can preserve useful speech qualities when the

15 CRC fails as much as 5% of the time. Detection of CRC
failure for more than 5% of the time can be used as a
trigger to automatically add the audible signal quality
indication to the telephone ocutput in order to cause
the user to take corrective action.

20 The embodiment described above illustrates
that noise representations arbitrarily close to the
true radio noise can be extracted in principle from a
demodulation and decoding process, and artificially
_reintroduced into an audio signal to give a true

25 indication of rising or falling signal quality,
independent of the thresholding characteristics of the
demodulator.

It may be desirable to provide an audible
indication of signal quality that rises or falls in an

30 emphasized way relative to true signal-to-noise ratio.
For example, it may be desired that a 1dB reduction on
signal-to-noise ratio should be indicated to the user
by a 3dB or 6dB rise in artificially added audible
indication. This can be achieved by using, in addition

35 to or alternatively to the saved radio noise waveform,
the saved path metric from the decoding process. The
path metric is proportional to the mean square of the



135. Communi cations signal 250 is applied to voice codec 115 for

conversion to an analog signal, which is supplied to | oudspeaker 110
to produce audible radi ot el ephone comuni cati ons. Conmuni cati ons

si gnal 25 processing neans 210 may include digital speech decodi ng
and error piPdfsasdyi on functions to produce an abrup f Jeceiver
usi ng techniques well known to t hose having skill ?¥#%@é5@ﬁﬁ? I n such
a coded digital system an audi bl e-*&di ot el ephone communi cat i ons

si gnal 30 is . received signal strength of a
radiotelephone:g%%%%%ﬁ%ﬁ#?%%d?§?3b§$eu3eai?gts°§ie th%h?@?ﬁBFﬁ, and the
audi bl e radi ot elRiAfelon accoggimgnteathensqeaxmaif itheswpdiosseilsehen t he

recei ved St giridedsd rRt@rAing kel g aﬁé@&@"tﬂft ee$akd- noj
Still referrirmhéééfﬁgure 2, recgive 5%% 25 al so Fnc?ﬁé%% al i gnment
si gnal produci ng neans 220. Al'i gnment signal produci ng neans 220 may

receive an 5 The audible indication thereby scaled can be
a prestored audio waveform, if it is desired to reduce
the complexity of the demodulation and decoding
process. As previously stated, such a waveform may be
chosen to be a "displeasing® sound when it is

10 indicative of falling signal quality. Conversely, a
*pleasing” waveform such as a major musical chord can
be used when it is scaled inversely, i.e. by dividing
it with a power of the path metric, so that its
intensity increases with rising signal quality. A

15 combination of a displeasing sound that increases with
noise level and a pleasing sound that increases with
signal level may also be employed, but at least the
"pleasing" sound should be audible when the user
selects the "audible tuning indication" to be enabled,

20 so that he can prevent it from causing distraction
during a voice conversation with otherwise good signal-
to-noise ratio.

Alternatively or additionally, the network

may send command messages as previously described to

25 controller 130 in order to remotely turn on or off an
audible indication to realign the antenna. Such a
command may be issued by the network either based on a
signal strength measured by the mobile phone and
transmitted as a signal strength report tc the network,

30 or may be based on a signal strength measured by the
network receiver receiving the mobile phone’s
transmission, or a combination of both.

It can also be desirable to audibly indicate

signal quality to a user not presently engaged in

35 conversation, at which time his phone is periodically
receiving signal bursts on a calling channel. To save
battery power, mobile phones do not receive
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- 10- I ndi cation of received signal to noise ratio from DSP
interface 135. As will be understood by those having skill in the
art, radio transceiver 140 may produce a recei ved signal strength
indication féess S Alternatively, receive DSP 125 or mgd6dbisss | er_
130 may generate a received signal strength I ndi cation si gnal
fromthe received radi o conmuni cati ons. The1 - generation of a received
signal strength si se haV|n %§} in the art

n IS |1,
and need not be %nﬁ’e%%?lf%ﬁﬁ FHARES YAf“O %rréu FFar® p dh§ fans
220 produces an atabhedrelesp-mede 9ol gﬁalchzzle m:'.qa%ﬁs:.gned by t‘éhe‘ unction

of the received shgpgbrigtt&nidh aorine unit. r@ﬂigt:ﬁé mw&dww&itcations
si gnal . into,the 15

al i.an nt SI n Is_1n
audi bl e radio conﬁﬁﬁ?’&%t’r%eszvsal%n oy CORDI i n'gh? s td'oz%‘ qﬂ?odﬁ e cei ved
radi o conmuni cat i the melhke Eiyer will b?héwakf—‘gﬂlh%rﬁalsl AT TR @ cat

summer 230. Summeniéor.ecea_veﬁor&@&&&n&nﬁ@r&banedmI&ﬂa&hé’a@ tihe@N S
provided to sYOLf q,gc 115 .for cgnve% Lop.t anal O&dSI gnal and
e

20 broadcast over ?'8% 5t rff(ﬁuvetd un er%t% that the
radi o conmuni cati mgesvglmlma%(b%m ldititdenspe slow t@lmlialcthqaee@emt be

conbi ned, but rat{een BYsihal qualSeRARANELYEREAVES est 418N a1t HY @an
Ioudspeakers 95 optimize by moving the antenna position. If necessary,
the user can be required to enable the audible
indication by depressing a button, which, when the
phone is in standby mode, can temporarily cause the
receiver to operate continuously or at least
15 sufficiently freguently to measure signal strength for
the purposes of aligning the antenna.

When not in conversation, there is no
disadvantage in providing an audible indication of the
spleasing” variety such as a musical hum that rises in

20 intensity with improving signal quality. Instructions
in the equipment user manual can then be abbreviated to
"align for maximum hum®" which is an easy instruction
for the user to follow. Different "hums" can be
provided depending on the identity of the network

25 station the phone is locked to, for example a "space
hum" when the phone is locked to a landbased cellular
system.

In the drawings and specification, there have
been disclosed typical preferred embodiments of the

30 invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the
invention being set forth in the following claims.



earpi eces 110, as long as an audi bl e allgnnent si gnal 25 is injected into
t he audi bl e radi ot elgpdeda ias Been Re RS t he enbodi nent of

Figure 2, alig nmer 260
forn1injection means
' ' t he

L

Is a func O Foreh gne na, into
t he audi bl e radi 3t el ephone conmuni cat i ons. Acﬂ?ﬁg@g% ng -
means, such as | oudspeaker 110 and-@tce codec 115 are responsive to
receive digital processor 125 t oduce an audi bl e si gnal whi ch
conbi nes the received radioteleg' d8rhMMER:i ons signals 250 and
the alignnent signal 1. 24Q, m%!ﬁ.'let Eraalaeeﬁém&{é% cniidls i3lgengt h
indication is WO 97/3@3 1

PCT/ US97/ 03558 i ff SP34S ARG PhELISRRPRT ANE K el ephone

means for receiving radiotelephone
communications via said mobile radiotelephone antenna;
5 means, responsive to said receiving means,
for converting the received radiotelephone
communications into audible radiotelephone
communications; and
means, responsive to said receiving means,
10 for injecting an audible alignment signal which is a
function of the orientation of the radiotelephone
antenna, into the audible radiotelephone
communications, to thereby prompt a radiotelephone user
to reorient said radiotelephone antenna for improved
15 alignment relative to the received radzotelephone
communications.

2. A mobile radiotelephone according to

Claim 1 wherein said received radiotelephone
communications have a received signal strength which is

20 a function of the location of said radiotelephone
antenna, said injecting means comprising means for
injecting an audible alignment signal which is a
function of the received signal strength of the
received radiotelephone communications.

25 3. A mobile radiotelephone according to
Claim 2:
wherein said receiving means comprises abrupt
cutoff receiving means, for suppressing the received-
radiotelephone communications when the received signal
30 strength of the received radiotelephone communications
is below a threshold; and
wherein said injecting means comprises means
for injecting an audible alignment signal which is a
function of the received signal strength of the

) )



conmuni cati ons. Referring now to Figure 3, operations for

I 5 (Bl ock 220 of

producing a first Q4L FRIMBe6H Replacedl| L gnne

Figure 2) will now ' EET ARG ES ar, at Block 310, a
signal is produced vv%\ E“!\Wﬂ%&agggmga fu Ltion of decreasing

recei ved sywgagbaas: . Bl =326 “artificimtTo®nesssi gnal is
generated and is scaled or anplified by the signal 10 which is produced
at Bl ock 310. Accordingly, artifici@-noise is produced whose
anplitude increa a | d i ng.r ' .gna
Strength, iotsrappiingc A St g SIEAT, Mo SERIASEL Tt
degradati on of &hgnxeceivedgbhgnal xRAgEIRGs ARETeasEng iR iYheed artificial

noi se i s injectethreaheidhe audible r adi ot el ephone conmuni cati ons.
It will be understood by those having skill in the art that the
artificial noise signal can be white noise, pink noise or any other

kind of broadband 20 nofse, Breeiilesadigjedephone) 2eeprdinedifency noi se
such as sinuspi dalaimoBsehaereitil apd calmhipits dudeffhoseeiving mygs t udes

| ncrease or decifngiWekNadgl EHCELRM Hadiote1ebRERL VELoSl PR wildr2N0! N

Preferably, an au cation I ch 1hcreases w I'gna
strength is 25 chosen to have "pleasing" characteristics, such as a
musi cal maj or chord, whilg.an Autdtblke irxdiiozelephbhat accordingiaiceases with

wor seni ng: si gnalcl‘?ﬂ\*\l ‘1 QﬁeQLXx?ns;f‘&’ninjecting means comprises means
for injecting into the audible radiotelephone
10 communications, artificial noise which changes as a
function of the orientation of the radiotelephone
antenna.

6. A mobile radiotelephone according to
Claim 2 wherein said injecting means comprises means
15 for injecting into the audible radiotelephone
communications, artificial noise, the amplitude of
which increases in response to decreasing received
signal strength of the radiotelephone communications
signal,

20 7. A mobile radiotelephone according to
Claim 2 wherein said injecting means comprises means
for injecting into the audible radiotelephone
communications, periodic artificial noise, the
periodicity of which changes in response to decreasing

25 received signal strength of the radiotelephone
communications signal. .

8. A mobile radiotelephone according to
Claim 1 wherein said injecting means is further
responsive to a transmit power indicating signal which
30 is received by said receiving means, for injecting an
alignment signal which is a function of the orientation

L



pl easi ng" characteristics, such as whit.e..noi-S€::0&=a discord. In a
digital systenlmhichTErOV|des an abrupt--+ 3Q; Ehegsihol d bel ow whi ch
! 8ol se

comuni cati ons cease, ﬂthBﬂmaela&iepglc | siignal preferably becones
audi bl e above tj umuﬂ ther as the

recei ved sw@omdastren ugh t he threshold CriasnsisgPs to
bel ow the threshold, to pronpt the user to 35 reorient the ra |otelebhone
antenna to restore comuni cati ons. ~2 MD 97/ 34381

PCT/ US97/ 03558
Referring nowtofFllgle raﬁ;otel%gho%F antennﬁbgadne ? EﬁﬁnsTﬁteRQYﬁﬁnﬂﬁ
si gnal produci nghe2Begeived radipfelephgne cepmupdcatiensbed. At Bl ock 410,

a first signal is produced which increases as a function of 5
decreasing received signaj strenghly; 85 WA%:81L8A0Ne according to
Claim 1:
5 wherein said converting means comprises means

for removing noise from the received radio
telecommunications; and estimating means for producing
an estimate of the noise which is removed from the
received radio telecommunications; and

10 wherein said injecting means comprises means,
responsive to said estimating means, for generating an
audio indication signal which varies as a function of
the estimate; and means for injecting the audio
indication signal into the audible radiotelephone

15 communications.

10. A mobile radiotelephone according to
Claim 9 wherein said estimating means comprises an
error correction decoder including path metric means.

11. A mobile radiotelephone according to
20 Claim 9 wherein said estimating means comprises a
Viterbi sequential maximum likelihood sequence
estimator.

12. A mobile radiotelephone according to
Claim 9 wherein said estimating means comprises:
25 means, responsive to said receiving means,
for computing expected radiotelephone communications;
means, responsive to said computing means, .
for comparing the expected radiotelephone
communications to the received radiotelephone
30 communications to obtain differences between the
expected radiotelephone communications and the received
radiotelephone communications; and

L



described in connection wth Block 310. At Bl ock 420, a second signal

is produced which inﬁ&; € Blas iaced fuUNction of increasing transmt
power . derstood hy those having skill 10 in
the art that in nobil {zl ﬂl Ee SVSHIETS i ch use automatic

i

transmt pwosrs4sntro ti@mn 155 (Fi gur eptrrussrmssssel | ite
I ncreases its transmt power in respgEse-to an indication that the
nobi | e radi ot el ephone 100 is receivifg a | ess than desired 15 signal
strength, and decreases iRahkaNsBhoROYPE & said JRTRNSE MRaRE,

i ndication that the nobile, radlotelggho 100.is rec |V|gga reater
than desired  £OKGRRATAELRGn AR STREE P IR RATAR BRSO REtAREA

i ndi cati on of th#ifffesrerstest.ion or satellite transmt 20 power is provided

i n- downl i nk transm ssi ons of r adi ot el ephone comuni cati ons 150 whi ch
are received by t he mobi | hone. Accordingly, at Block 220, a second
signal is produced which Fﬁcregsgggégear? +ﬁﬁ?i§¥ﬁ%ﬂe according,tPng

transmt powes fClamn le whetrednk sallerefived i tadioteliepdionen i s t hus

cont rolled by f%&hﬁﬁi&éartqmns_ inc&haenst E?éfi@r%ﬂd“a&éyh%h‘ééﬁﬁ kaigeorient
hi s ant enna .in or,der_mt Q| n’gr ove.either u
n

- or _downlink.
Conti nui ng wi t h YHETENE M5E15H “OFPEL§aPe ﬂ?aég éz%ﬂlq@%ﬁﬁ%n§38? the first
and second si gnanslidrle eddgnmedt 8dgnslpwbikizeism & Hunttdiognaif fAidbreari es
as a function ofgr the dyt@ ikl keluRBEnepCoRELR| Al e reRleiteapl e, the third

10 radiotelephone communications.

14. A mobile radiotelephone according to

Claim 1 wherein said injecting means comprises means
for injecting an audibly pleasing alignment signal
which is a function of increasing received signal

15 strength of the received radiotelephone communications,
and for injecting an audibly displeasing signal which
is a function of decreasing received signal strength of
the received radiotelephone communications.

15. A mobile radiotelephone according to
20 Claim 1 wherein said converting means comprises:
means for removing noise from the received
radiotelephone communications;
error detecting means, responsive to said
removing means, for detecting that said removing means
25 is unable to remove the noise from the received
radiotelephone communications; and
error concealing means, responsive to said
error detecting means, for concealing effects of the
unremoved noise in the received radiotelephone
30 communications; and
wherein said injecting means is responsive to
said error detecting means.
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signal will increase as a function of decreasi recei ved signal

strength but wll also incre Sep, ﬁmﬁ :::%?%;ééggngg I ncreasing transm t
. € o Ql F§

power . Accordi ngly, Thi@épe ;{én$ncre t he al i gnment

si gnal will incr nt "the ant enna
so that thgoleyafsm tt I ower WO 97/

PCT/ US97/ 03558 - 13- transmt power.
At Bl ock 440, the alignnent signal is - 'produced In Bl ock 440, the
artificial noise signal such as, a si,ne wave or
clicks, the frequeniy ofAvsPﬁ%‘g ﬁtsa \}gpl gﬁbﬁ?‘@‘ﬁ“‘%‘: al?fé‘ﬂ/a‘ﬂll}g‘ & the

5 third signal. mPirdde radiovalephvne fimequanbilar radiei edmmunicatiionse si gnal
provides a tuni Rgsteal edmpeisihgr ein, for exanpl e, hi gher frequency

|428I| c?thgs | ower si gnal varlgﬁeenlg(;wherarga@llsghg{:lﬁéa"rllesarlglst fover . At Bl ock

5 transmitting radio communications to the mobile
radiotelephone at a power level which varies as a
function of the location of the mobile radiotelephone
relative to the base station; and

means for causing said variable power
10 transmitting means to transmit to the mobile
Eadiotelephone, an indication of the transmit power
level of the radio communications.

17. A base station according to Claim 16
wherein said base station is a terrestrial base station
15 or a satellite base station.

18. A mobile radiotelephone comprising:
means for receiving radiotelephone
communications;
signal strength indicating means, responsive
20 to said receiving means, for producing a signal
strength indication which is a function of the signal
_ strength of the received radiotelephone communications;
and
acoustic transducing means, responsive to
25 said receiving means and to said signal strength
indicating means, for producing an audible signal which
combines the received radiotelephone communications and
said signal strength indication, such that an audible
signal strength indication is provided along with
30 audible radiotelephone communications.

19. A mobile radiotelephone according to

Claim 18:
wherein said receiving means comprises abrupt
cutoff receiving means, for producing an audible
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artificial noise is injected“into t he radi ot el ephone 10 communi cati ons.
' an audi bl e al i gnnent

Accordingly, the prese t il

signal which is a f ‘ngsugﬂ}aflon of the radiotel ephone
antenna (and al so %e tragor t pgwer of the base station or
15 sat el kid $i3andii c | i gnment yefrosomoasssg he |

r adi ot el ephone antenna for receptlon of the r adi ot el ephone
comuni cations. The user is then pFBﬁﬁted to reorient the antenna so

that the all gnNER;orelepibd Yo 2A248 ﬁTQE%ﬁ%iéevﬁ{érpr]:e@e@U geg a

gr acef ul 20 deg ra at| n |n used in ana
systens to prov?ﬂ%n%.g$%f%ﬁ$ﬁ (ﬁgbﬂgﬁhﬁﬁﬁﬁlVﬁﬁl ¥adistelephongef ore act ual
system noi se begbmtuhicaticnsiels asbwean threshdrd uasdl foyr @u@ rakssigt ens

whi ch_enpl oy Cogh aﬁ&hb*ﬁ r1éf5§é¥%§%4§gak?ﬁmﬁﬂi&gézégy ng ﬁeabOUt to

be 25 approache to
reorient t he5anFEﬂn’&e‘éﬁH"?‘es¥’fﬁ‘@1a $HrgRokhaiFthelow th% |t@ara|sholu,
Referring now tan&i gure 5, a second enbodi nent of the present

invention is illustrated. w%? Lo cﬁé‘}w (;lgn%,y HSLLRLES ﬁcﬂ]cfaﬁﬁh

partitioning of the I agram Qf recel pro essmg I n
either a FABPHL RSB IRARS T H‘P9H§|’r¥‘9t§rs%$‘&]r iSgithhase
station or sateihdiejticém guhiicld iss aa fumpetionnaf the redednieldt s2ghal

correspondi Rg t Qe FLAYER df WHErddfi telephone communications signal,
to indicate that the received signal strength is
approaching the threshold.

20. A mobile radiotelephone according to
Claim 19 wherein said abrupt cutoff receiving means
15 comprises digital coded radiorelephone receiving means.

21. A mobile radiotelephone according to
Claim 19 wherein said signal strength indicating means
comprises means for producing artificial noise, the
amplitude of which increases as a function of

20 decreasing received signal strength of the

radiotelephone communications signal, to indicate that
the received signal strength is decreasing towards the
threshold.

22. A mobile radiotelephone according to

25 Claim 21 wherein said signal strength indicating means
comprises means for producing artificial noise, the
amplitude of which increases as a function of
decreasing received signal strength of the
radiotelephone communications signal, from a received

30 signal strength which is above said threshold to a
received signal strength which is below said threshold,
to indicate that the received signal strength has
decreased beyond the threshold.
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35 hardware partitioning. Signal s plus noise and

interference are _Jeceived at antenna 145 and downconverted by radio
transcei ver 140 and A Y aLgP : representation
suitable for digital ﬂ i ng; "; T HASRRRrmN DSP 125 processes the
conver t edwoesys4dxsed Si for_,_____;fi?_@pl atign and ?6{19&?&9%5 ection
decodi ng functions 500 to obtain digital Symbols representin -
coded speech. The coded speech is further28ecoded in DSP 125 and

converted to anal og spee by G.115 i C functions are
desi gnated as BlLock 510 ic‘tr?'Fi .g}}Jre .l%lfgéggfﬁqegésnﬁl 85cHEd bR stz ommand

messages and paSS¥EMtheitherein sadt sdionplossrengtb3indBtating Afeass0
produces a si gnedmprisepiatddns ifadi @&bﬁ&&ih@pbé§§8558ga£@f¥§££§fb'l'ty that
decoded bits paééfgk}(£H§“§§¥163Tgy@§n%f5% 18 ecﬁéﬁ&és as aréﬁﬁction
5 of changes in the received signal strength of the
radiotelephone communications signal, to indicate that

the received signal strength is decreasing towards
threshold.

24. A mobile radiotelephone according to

10 Claim 23 wherein said signal strength indicating means
comprises means for producing periodic artificial
noise, the periodicity of which changes as a function
of changes in the received signal strength of the
radiotelephone communications signal from a received

15 signal strength which is above said threshold to a
received signal strength which is below said threshold,
to indicate that the received signal strength has
decreased beyond the threshold.

25. A mobile radiotelephone according to

20 Claim 18 wherein said signal strength indicating means
is further responsive to a transmit power indicating
signal which is received by said receiving means, for
producing a signal strength indication which is a
function of the signal strength of the received

25 radiotelephone communications and the transmit power of
the received radiotelephone communications.

26. A mobile radiotelephone according to
Claim 18 wherein said signal strength indicating means
comprises:
30 means for removing noise from the received
radio telecommunications; and

L



15 Speech decoder 510 may include the ability to ignore bits

i ndi cated to be Unr%ﬂsﬁﬁ{ﬁﬁ&nh@ﬁl&w def aul t speech sounds or

otherw se conceal th M&m‘m“ er gRRgo é a process known as
out put t i ngv@e7B43t10nT 0 | ng pé?-i?{:)ﬁsggj,_ untel i altCTESIYOISES The

"speech paraneter R0, nt may include
confort noise avoids abruptly cutting off ﬁLI acoustic out put whi ch
gi ves the undesirabl e i npression of i opped" speech. According to an

enbodi ment of the pr e | | g?gg [ Eele ] odjng
function 25 500,can addi??%&néalh,{%@c:ﬁe?%{s tEBE' SF Jé@é oA ug%%e(yfn

si gna fesent | N
radi o noi se whi ERSWASIPENBRERR 17 (98I Qéo%Fﬂﬂgb?%

r élt
ckReeived radif || now be

descri bed. telecBmmodidat ians amhder r or correcti on decodi ng may be

advant ageousl y perforned ' l; | [ estj mat or
eI HiTd ot Poqenstl Aieatl ot 3 30 o

according to U.g. Pat ent gb. 5,
Equal i zer Devi c&¥F518Bi At eOre5tima58nt | j ssued Septenber 17, 1996, the
di scl osure of which i s hereby incorporated by reference herein.
Referring to Figure 672 A Wit eS edMeBEE PepidRd MR idseld faod

Claim 26 wherein said estimating means comprises an

error correction decoder including path metric means.

28. A mobile radiotelephone according to
10 Claim 26 wherein said estimating means comprises a
Viterbi sequential maximum likelihood sequence
estimator.

22. A mcobile radiotelephone according to
Claim 26 wherein said estimating means comprises:
is means, responsive to said receiving means,
for computing expected radiotelephone communications;
means, responsive to said computing means,
for comparing the expected radiotelephone
communications to the received radiotelephone
20 communications to obtain differences between the
expected radiotelephone communications and the received
radiotelephone communications; and
means, responsive to said comparing means,
for generating an error signal based upon the obtained
25 differences.

30. A mobile radiotelephone according to
Claim 18 wherein said received radiotelephone
communications include a cyclic redundancy check, said
signal strength indicating means comprising means for
30 producing a signal strength indication which is a
function of failure of the cyclic redundancy check in
the received radiotelephone communications.
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-14a- sequence estihator includes a St -
hypot heses of a rece saee riTeAS BEEN
of cunul ative

PCT/ US97/ 03558 mu“l\” m “ LACED -
I ses using a transm t te@r/USOTiessss60 Whi ch

path metric for each rep
obabi | i wWo 934881 S

nay I ncl ude a nDdeI of the propagatlgn channel | earned from 5

processing a known bit sequence called a tFaining sequence or

ncword. The | att f t f Vect
,SA)r/raysrl n State Merenr) PHACELE '629'?ndl§11e radlgqg?%ﬁ%‘é rhé&t(}tdg?’ eE§nce seror

conput es an expgﬁ?%ﬂr¥8 whereln said signal strength indicating means
comprises means for producing an audibly pleasing
alignment signal which is a function of increasing
5 received signal strength of the received radiotelephone
communications, and for producing an audibly
displeasing signal which is a function of decreasing
received signal strength of the received radiotelephone

65 for storing a nunber of
WD 97/ 34381

ﬁS- together with a

e

communications.

10 32. A mobile radlotelephone according to
Clalm 18 wherein said signal strength 1nd1cat1ng means
comprises:

means for removing noise from the received
radiotelephone communications;

15 exrror detecting means, responsive to said
removing means, for detecting that said removing means
is unable to remove the noise from the received
radiotelephone communications; and

error concealing means, responsive to said

20 error detecting means, for concealing effects of the
unremoved noise in the received radiotelephone '
communications.

33. 2An antenna alignment indicating method
for a mobile radiotelephone which receives

25 radiotelephone communications via a radiotelephone
antenna, and which converts the received radiotelephone
communications into an audible communications signal,
said antenna alignment indicating method comprising the
step of: .

30 injecting an audible alignment signal which
is a function of the orientation of the radiotelephone
antenna, intc the audible radiotelephone
communications, to thereby prompt a radiotelephone user
to reorient said radiotelephone antenna for improved

UL



10 signal val ue correspondl ng to a pew bit hypothesis on t he
assunption, for eaclh %h&tﬂal m that the previous hypotheses are

true. The expected s with the received signal

val ue in corrpa ai vieetre:ql gEgyahce. The difference 15
I S a nmeasuwe sws43she et ween t he &Btpatdresi S d PCT/USYIRBSS8 Al .
recei ved signal sanple, which GWU||| due to radio noise in the
case that the hypothesis is correct. gI'he m smatch indication is added
to the Pr eMijQemeRdl RelBEIVE €8 £RE PASEE Need cratdie;cteagbﬁ@ne 20

hypot hesis to obtain a new cumnul ative m smatch or path metric.

Adder 62 forns t tR™fetric froma state havingaleftm)st bi t

in the Current Hypotheses _ menory equal to binary '0', while adder 64
forms the 25 new path nmeiri cahOanfefif I £EGMAE zﬂglcaarﬂcae&nblyaewsal S

which differs on ele ositlo binary '1'.
Conpar at or 63 Caﬁég,r@gnghp @\/\Pga )ﬁg rein s??é:{) eé% 188 selects the | ower
one and al | cor neeiiotdilephone copgnnénaticis thavessowicatizddssagralenory to

becone the 30 JMngeht ﬁﬂ&&hoisaasfaﬁ@tmﬂ i tilbacksht oghkiigof
the leftnost bit accpor whi ch state

wh Q_or
gave the | ower Eﬁﬁjﬁ" r?\as?tg\,\%‘?n&?n [amwil; r%ﬁd injec %Fﬁ8§e§°§ﬁﬁl?m%
Al ready Pr ocessédlepérttepopft'he menory. All previous hypotheses are

tested with both 35 '0' jaRdctingasntbeckey Raidisies fsdioleePhbhd and after
10 communications, an audible alignment signal which is a
function of the received signal strength of the
received radiotelephone communications.

35. An antenna alignment indicating method
according to Claim 34 wherein said injecting étep
15 comprises the step of injecting into the audible
radiotelephone communications, artificial noise which
changes as a function of the orientation of the
radiotelephone antenna.

36. An antenna alignment indicating method
20 according to Claim 34 wherein said injecting step
comprises the step of injecting into the audible
radiotelephone communications, artificial noise, the
amplitude of which increases in response to decreasing
received gignal strength of the radiotelephone
25 communications signal.

37. BAn antenna alignment indicating method
according to Claim 34 wherein said injecting étep
comprises the step of injecting into the audible
radiotelephone communications, periodic artificial

30 noise, the periodicity of which changes in response to
decreasing received signal strength of the
radiotelephone communications signal.
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S left will be the

sane as before but@éhe@%@mg == \AOeA7]| 34381

PCT/ US97/ 03558 oL ACED wi |l have been

updated to the Iom%“\\\ ed REP : nd decoding will have
y : =

processing all these hypot heses the number

advanced W %5i438ig Oper ation of Fi gurcavessme3ssescri bed
I n nore detail in the incorporated_ggtent application. A 5
description of howit can be nodified to provide a t uni ng noi se

i ndi cation according to a8. enkwdnmEnaofalignmehbeind eS&tind NveRddN.
As stated previ s 1N I : the difference
':-18&’:55:‘&185 £o ﬁ%gﬁi\a é\ihl?rem saggm%zgf?

bet ween a hypot hesi zed™si g e and an ac 'y received signa
val ue, which Tradigteiephoes frthek xareiyapyat BraRembt RRWRrin t he case
the hypot hesi zdddicghahgvaigal s dndiethelrieihesdiaf injecting step

5 comprises the step of:
injecting into the audible radiotelephone
communications, an alignment signal which is a function
of the orientation of the radiotelephone antenna and
the transmit power of the received radiotelephone
10 communications.

39. An antenna alignment indicating method
according to Claim 33:
wherein said mobile radiotelephone includes
means for removing noise from the received radio
15 telecommunications; and estimating means for producing
an estimate of the noise which is removed from the
received radio telecommunications; and
wherein said injecting step comprises the
step of generating an audio indication signal which
20 varies aes a function of the estimate; and injecting the
audio indication signal into the audible radiotelephone
communications.

40. An antenna alignment indicating method
according to Claim 33 wherein said received
25 radiotelephone communications include a cyclic
redundancy check, said injecting step comprising the
step of injecting an audible alignment signal which is
a function of failure of the cyclic redundancy check in
the received radiotelephone communications.

30 41. An antenna alignment indicating method
according to Claim 37 wherein said injecting step
comprises the steps of:

injecting an audibly pleasing alignment
signal which is a function of increasing received
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di scarding this conputed difference, an enbodi nent of t he present

i nvention records the differences alongside 15 each data synbol in the

Al ready Processed part of the state nmenory. When error correction
codi Nng prodyg8eyaes; Several transmitted sanples per original data bit to
be transnlttei transmtter nodel 60 will Iikew se pra@tipssorossss
several signal sanples for conparison and cgpparator 61 20 will test these
plural sanples to obtain several di fferences. These differences are
normal |y conbi nedS+gnal pstrengph off smealre&eiee@b}@a{bgaeeémogmt ch

i ndi cati on bedmtren bed il S Galgded. A cor&ing to the
enbodi ment of the invention, .25 the differences are saved in the state
menory 65 - agai nst _each P 6tdSSedrbpridiely slimplefmingaedgnal which
di fferences from bhe? stufetigre ofl dewedasing Ve ddivied ts'l%naé ﬁt§' %‘lﬁ‘glg of

di f f erences of 5 anchderecd iaie .conpared hyp €S i s
sel ected to survive by the 3gﬁgﬁfg?%?8%?%%£§3§muﬁ%§aFFH&F-bit deci si ons

made by the Viterbi M.SE processor are those which mnimze the sum
square di fferences. Accordingly, the residual errors are likely to be
due only to radio noise and not to incorrect bit decisions. The saved
differences are 35 therefore equal to the received radio noise and may be
out put to speech decoder 510. Speech coder 510 can add the radio
noi se sanples to the audio signal so that the --—

This Sheet Has B
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-17- user will hear an exact representation of the radio noi se
characteristics varying proportionally with signal -to-noise ratio and
not "ChOp%i"p@/ t he abrupt t hreshol d -of the decodi ng process. 5
Digital r séphones t hat enpl oy digitization of MEmssvossgnal_s
often incorporate error detection codes as well as error correction
codi ng. For exanple, a Cyclic Reduwd ncy Check (CRC) code is
of ten appended to the nost perceptually i%portant bits 10 in a digital
speech transm ssion. Wen the CRC check fails, the ermppaeous bits are
prevented from causi ng unwant ed acoustic artifacts by @%l ous error
conceal ment strategies al so known as "deburpi ng". Such s ¥e8ur pi ng can
preserve useful speech qualities when the 15 CRC fails as%g:h' as 5% of
w <

the tine. Detection of CRC
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failure for nore than 5% of the tinme can be used as a
automatically add the audible signal quality

t el ephone output in order to cause

indication to the

the user to take corrective

action. The enbodi ment descri bed above illustrates

t hat n0|se“FEHP§§%ntat|ons arbitrarily close to the

can be extracted in principle froma

process, and artificially reintroégﬁ

true 25 indication of rising or fall

of the thresholding characteristics of the

It may be desirable to provide an audible

quality that risespj(Ga@s in an 30 enphasized way relative to true
it may be desired that a 1dB
reducti on on signal -tg-noise ratio should be indicated to the user
I cially added audi bl e I ndi cati on. '
dition 35 to or alternatively to the saved
VALIGMMENT SIGNALt heysaved path netric frﬂ@ {ecodl ng
§s proportional to th

signal -to-noi se ratio. For exanpl e,

by a 3dB or 6dB rise in art
can be achie i '
radi o noi se
process. Th
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- 18-. radi o noi se and may be used to scale the audible i ndi cation
according to the square of the radi o noise, or indeed according to any
pover of theyé s gmnoi se | evel . 5 The audi bl e indication
t her eby scal ed can be a prestored audio waveform if ivcrivsefieskg €d to
reduce the conplexity of the denodul ati on and decodi ng process.
As previously stated, such a waveform may pE% chosen to be a

"di spl easi ng" sound when it is 10 indicag'v of falling signal quality.
Conversely, a "pl easi ng" waveform such as a major nusical chord can

be used when it is scaled inversely, i.e. by dividing it wwth a power
of the path netric, so that its intensity increases with rising signa
quality. A 15 conbination of a displeasing sound that increases with

noi se |l evel and a pleasing sound that increases with signal |evel may
al so be enpl oyed, but at |east the "pl easi ng" sound shoul d be audi bl e
when the user
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selects the "audible tuning indication" to be enabled, 20 so that he can

prevent it from causing distraction during a voice conversation with
ot herwi se good signal - t o-noi se ratio. Al ternatively or
additionally, the network may send command nessages as previously
descri bed 93838k ontrol ler 130 in order to remotel ¥ turn perussnekis an._
audi ble indication to realign the antenna. Such a comand may be
i ssued by the network either based on a / signal strength nmeasured by
t he nobi | e phone and transmtted a@ g‘signal strength report to the
network, 30 or may be based on a signal strength neasured by the
network receiver receiving the-nobile phone's transm ssion, or a
conbi nati on of both. It can al so be desirable to audibly
i ndi cate i gnal quality to a user not presently engaged ir—3
conversation, at which tine his phone is periodically wvegegvicrlg si gnal
bursts on a c@i ng}_.nha.n.n.eL 1o _save battery npower _ophil e%pﬁc do
not receive {L 518¢& y
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-19- s continupusky Jrt gt andby wnde*bui’wake up only in a so-

cal | ed sl eep-ndde stbt %which iPs preassigned by the network to each
mobile unit. This may only occur at 1  _,_ second intervals for exanple.
The network knows when 5 the nobile receiver wll be awake and cal

alerts to assighge odcdihee prasent drsrentisoh onl §iffetdms estambards

Sanpling the el i I I cond i nt.ervals may be a
little too sp(%\?v%t (%’%%?10 |I%g&[1ﬁ%@§séegozor}ﬁgs%%oﬂ SEEMYIeT RRRRS tifysr'?%'i‘%at i on
on standby that Engopen THe GuivioBezd RAgimdng-dlbipdt enpacwsidiqn. |f »
necessary, t he user can be required to enable the audible

i ndi cation bye4EpressitRgas Gt oRlsmiuges ihdP¥harchiteghisie is in

standby npde, can tenpagakid weQdUKRWRE to thodLGBIVElg (S OPETA] & e
continuously or at |east 15 sufficiently frequentlys%o nmeasure si gnal

strength forart, mobhdepyrdissslephanegiimpliude an antenna and a
Uoen ot o, EREASERTIRR st SR8 racs PR e AL i,
that rises iwia EHei nbkAdket yadibltelephoteGridegnal. quURl id WeHiGiTHEL | ONS
'n the equipggg&lgsggdgggg%lp %geth%%epgﬂ%ggganfg(¥§£féally mounted
10 on the-vehicle body. In a handportable mobile
radiotelephbne, the antenna typically projects from the
housing of the handportable radiotelephone. Proper
orientation of the antenna relative to the radiotelephone
communications signal is important for clear reception
1S without distortion or dropouts. As is well known, often
a slight reorientation of the antenna produces a marked
improvement in radiotelephone reception. For example,
handportable phones suffer a loss of signal strength when
the transmission is being received from the other side of
20 the user's head. Head blockage can cause 6dB loss of
signal.
Because antenna orientation is so importané in
a mobile radiotelephone, many mobile radiotelephones
provide a display of the received signal strength of the
25 radiotelephone communications signal, which can prompt
the user to reorient the antenna. Moreover, the quality
of the received signal in an analog or uncoded digital
mobile radiotelephone system tends to degrade gradually
with increasing misalignment of the antenna. Thus, the
30 noise level tends to gradually increase, which can prompt

the user to reorient the antenna, by moving tHe vehicle
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“align for qa;r nqhugnowhlch-TB»angeasy |n9truct|on for the user to
fol 'ow! Efoerent "hang' ¢am pec 2 -mrovpded dependi ng on the |dent|ty of
the network> 25 starion the pnone>1s | ocked fo, for exanpl e a "space

hunt when the phone is |ocked to a | andbasgd cellul ar system

In the drawi ngs and specification, there Rave been di scl osed typi cal

preferred enbodi teat sanfipbheablal riaddeddlapisnt, ald hatddr speckddigcd er s

are enpl oyed, ., they are used in a generic and descriptive sense only
and not for pttbBsRR*BF-1imtation, the scope of the i nventi on bei ng
set forth in the th|Q§ﬂH§oﬁhat65i%&ect an audible alignment . s1gn 1

- 20- THAT WHI | S CLAIMED | S: X nobi | e
radloteleEhomﬁ%ﬁﬁwﬁ$sﬁn§unCt’°n of taemsmiientaddian @fepHime antenna 145;

5 means,. |l e e SN GAt S O via said
nmobi | e radlote e onésgﬂ%égn%ﬁgmﬁhs i%%%%<fﬁ fﬁaé(¥gd10teleﬁh°ne

communlcatlons, to thereby prompt a radiotelephone user
to reorient the radiotelephone antenna for improved
alignment relative to the received radiotelephone
10 communications. See for example, Documents EP-A-531918,
EP-A-464 911 and WO-A-95 21 494. _
It is now common to employ digital speech coding
and/or digital error correction coding in radioc

communications systems, in order to improve



recei ved radlabeleﬁhone commant ¢abs ons 41dve °a-r ecei ved signal strength
whith is a funqtlon nf-theoioca3|0ﬂ of ono - 'Sai d radi ot el ephone antenna; 10
nmeans, responspve toosa reces Vi nép neans, for converting 115 the
recei ved r adi ot el ephone comuni cati ons i nto audi bl e radi ot el ephone
conmuni cati ons; and means, resﬁﬁﬁ%Tve to said receiving nmeans, for

i nj ecting 13@ramcedivake 1alo &@i@'&lg&tﬁf@éd%c@btélﬁ aSsibHagtion of the

recei ved signal strength of the received radi ot el ephohe communi cati ons,
into the audrﬁpéesentﬁéépﬁtéMaﬂ%h%?(ﬁﬂ#ﬂ#ﬁ%hﬁ%bnglgﬂé tp§¢e§§Spngnpt a

radlotelephoggcgi%% bgpriaglg ﬁ%aékgfgﬁéﬁé%éﬁﬁ@@ d %Sanglgﬁal

i nproved al i gnment relative receive one
comuni cé i oke, pelrdcaot dempea layion and ertawdcmnrecunog deaadlﬁgnprlsing

abrupt cutoff receiying nme fo ressi the receive
radiotelephoﬁ@ ESﬁﬁﬁﬁléé9|g954%%§+qié;3%§g§ gbﬁaFEPres§FFéﬂ§th of the
recei ved radicetiekdeppeaenconmuei caldeN sced idek@mRethiesbatd; iandsp

wherein said injecting means conprises neans for i njecting an audi bl e
al i gnnent si 488l aRAi eRNVersefuset fderlog sHeqdl b}éc@@%@ signavhichengt h of

the radi ot el ealaReons aCQTHR:EALNANS A Ghaler (914 il oAl §utbas NG 1LERC! Vel

30 signal engt ecreas
10 500 also decodes command messages and passes them to

control processor 130. Block 500 also produces a signal
quality indication representing the probability that
decoded bits passed to speech decoding 510 are error
free.

15 Speech decoder 510 may include ﬁhe ability to ignore
bits indicated to be unreliable and to output default
speech sounds or otherwise conceal the effect of
erroneous bits by a process known as "speech parameter
interpolation®. Error concealment may include outputting

20 "comfort noise" during periods of unreliable signal. The
comfort noise avoids abruptly cutting off all acoustic
output which gives the undesirable impression of
"chopped" speech. According to an embodiment of the
present invention, the demodulation and decoding function

25 500 can additionally output a signal representing the
radio noise which was removed in the decoding process, as
will now be described.

Demodulation and error correction decoding may be
advantageocusly performed by a maximum likelihood sequénce

30 estimator according to U.S. Patent No. 5,557,645 entitled
"Channel-Independent Equalizer Device’ tao coinventor
Dent, issued September 17, 1996, the disclosure of which
is hereby incorporated by reference herein. Rgferring to

Figure 6, a Viterbi sequential maximum likelihood



2. A nDblleoreﬂlobefephone accerdhng to G ai’m 3 wherein said abrupt
cut of f recebV|ng neaHSacoan|ees % dlbibﬁl ‘coded radi ot el ephone receiving

neans. '1 a a;:) 2.9 nn 3 YN 1y 11) -21- 3 A
nobi | e radi ot el ephone according to Clalm4 wherein said injecting
nmeans conprises neans for |nject|ngllﬁto t he audi bl e radi ot el ephone

conmuni cat i ONSequénca@r éstikiobr NDhSEuABECH chaBgeBeadry tsn%koatehhge
orientation of the radi otel ephone antenna. )

radi ot el ephorfe ZERFHI Pf Beerheseg of amﬁ@?éFﬁeéaﬁﬁmbﬁﬁeéﬁgﬁgnﬁeans
conprises neans for 10 injecting into the audible radi otel ephone
conmuni cati ons, artificial noise, the anplitude of which increases in



response.t oddedreasihg recei wed,si,gnal str.ength of the radi ot el ephone
communi catidbrfs isignal®>s°’,18 ¢ ¢ 5. . A obiie radiotel ephone according to
Claiml > whér ei p; saf 4, 1 nj &gt P ng3peans, .Cohpri ses neans for i njecting
into the audi bl e radi ot el ephone comuni cati ons, periodic artificial

noi se, the periodicity of which chantg#®-in response to decreasing

recei ved signal 20 strength obghheytaeiotal R ﬂxygumications si gnal

6. A nobil e radiotel ephone aEE6THF%q‘rGi%r§#ﬁg%ﬁi"“mherein said injecting
means i s further rlespodsimaEile aradiotebashoheponmprilsdingati ng signal which
I's receivyed by 25 _ sai.d . receivyin ns, for_injecting an alignnent signal
which is a funpti5%‘Tﬁ°ﬁ%ﬁa§ﬁ9%ﬁﬁ%i$§%f%ﬁ ?ﬂﬁeéha aﬁéﬁotelephonelantgnna
and the tsansmt pRuels Fort flféceiviz%?etd&ﬂoﬁéﬂéﬁh@hépB_@F&@ul.tfi@@gﬁﬂbﬁé‘t I ons.

30 7. A nmobi | e radi otel ephone according to C aim 1: .
wher ei n sai d 3é&hver istd el ko madiete hephene opntennpenwhenginosaadf r om

the recel ved iliided rddfll REUPHY AR Mitin 208 £8hE"RLLR2TR8D3 1 12k
P : J signal strength which is a function of the location of
said radiotelephone antenna;

10 means, responsive to said receiving means, for
converting 115 the received radiotelephone communications
into audible radiotelephone communications; and

means, responsive to said receiving means, for
injecting 130 an audible alignment signal which is a

15 function of the received signal strength of the received
radiotelephone communications, into the audible
radiotelephone communications, to thereby prompt a
radiotelephone user to reorient said radiotelephone
antenna for improved alignment relative to the received

20 radiotelephone communications, characterized by:

said receiving means comprising abrupt cutoff
receiving means, for suppressing the received
radiotelephone communications when the received signél
strength of the received radiotelephone communications is

. 25 Dbelow a threshold; and

wherein said injecting means comprises means for
injecting an audible alignment signal which is a function
of the received sigmnal strength of the radiotelephone

communications signal, to indicate that the received

30 signal strength is decreasing to the threshold.
2. A mobile radiotelephone according to Claim 3

wherein said abrupt cutoff receiving means comprises

digital coded radiotelephone receiving means.

Ll



-22- e§tipht e O, t he noi g wijxch i gergpgeyed fromthe received

radi-o tel ec@nimi cat ,638?, andy ¢ =2 , *werern said injecting neans
conprises nmBanss SahLeSpeNisi VR tP0 ;$3i d esidi Aptt ng neans, for generating an
audi o indication signal which varies as a function of the esti mat e;
and neans for injecting the audi o indicat2nr signal into the audible

r adi ot el ephone co ni cations 10, . A nobi | e radi ot el ephone
according to Claiggg g-m%%%}%iﬁagé?aééngﬁﬁFiﬁ& Qxﬁﬂnq%%gpéh error
correction deeestesinneaidi g et ingehehfisNedh®rises means £ A nobile
radi ot el ephone according to Caim7/7 15 whereyn_said estinmating neans

conpri ses a WRAERFing inteqthetrudikdei Faflrtediephiane QuRuRECaEinRL or .
5  artificial noise which changes as a function of the

orientation of the radioctelephone antenna.

4. A mobile radiotelephone according to Claim 1
wherein said injecting means comprises wmeans for
10 1injecting into the audible radiotelephone communications,
artificial noise, the amplitude of which increases in
response to decreasing received signal strength of the

radiotelephone communications signal.

15 5. A mobile radiotelephone according to Claim 1
wherein said injecting means comprises means for
injecting into the audible radictelephone communications,
periodic artificial noise,’ the periodicity of which.
changes in response to decreasing received signal

20 strength of the radiotelephone communications signal.

6. A mobile radiotelephone according to Claim 1
wherein said injecting means is further responsive to a
transmit power indicating signal which is received by
25 said receiving means, for injecting an alignment signal
which is a function of the orientation of the
radiotelephone antenna and the transmit power of the

received radiotelephone communications.

30 7. A mobile radiotelephone according to Claim 1:
wherein said converting means comprises means for
removing noise from the received radio

telecommunications; and estimating means for producing an

Ry



10. A nDbllearaﬁlobeTephone acéardbng to Gia|n17 - wherein said
estfmating peans conpreses:e ZO e > ﬂEaﬂﬁ qrespon3|ve to said receiving

means, for

-')

Jconputtngvexpe@bedsbadlotelephone comuni cat i ons;

means, responsive to said conmputing neans, for conpari ng t he expect ed
radi ot el ephone communi cations to t he 4%tei ved radlotelephone

comuni cat i ONSsd Ak 3H Ao sAbiLLrERCES DSt WeRH LEer &qegfx eceived

radi ot el ephone comuni cations and the recelived ra |ot
connunlcatlom?d%ﬂmFeleCOmmunxﬁ%#Epn$egﬁmﬁ3|ve to said conparlng nmeans,

one

generating an err I &f e Q0. differences.
11. A nobile radlgie onéggicg%lrm)é% %é%ﬁgggpglﬁﬁgrgFﬁngaid recei ved
rad|oteIeﬁhom&spnnnmwexHO(nund estimd tiley aneyns | cEoedgsfapayisfesk, said

i njecting nmean

10

15

20

25

30

udlo indication signal which varies as a function of the
estimate; and means for injecting the audio indication

signal into the audible radiotelephone communications.

8. A mobile radiotelephone according to Claim 7
wherein said estimating means comprises an error

correction decoder including path metric means.

9. A mobile radiotelephone according to Claim 7
wherein said estimating means comprises a Viterbi

sequential maximum likelihood sequence estimator.

10. A mobile radiotelephone according to Claim 7
wherein said estimating means comprises:

means, responsive to said receiving means, for
computing expected radiotelephone communications;

means, responsive to said computing means, for
comparing the expected radiotelephone communications to
the received radiotelephone communications to obtain
differences between the expected radiotelephone
communications and the received radiotelephone
communications; and

means, responsive to said comparing means, for
generating an error signal based upon the obtained

differences.
11. A mobile radiotelephone according to Claim 1

wherein said received radiotelephone communications

include a cyclic redundancy check, said injecting means

T

for



- 3 9 L X} b il LK ] D ¥ nn
- 23 cOpni si Aig aeans fdr Enjécting dn’ audi bl e al i gnnent si gnal
which is a fundtions.bdfafadjl’use df the’cycllic redundancy check in the
recei ved radi ot’el ephdhe®’' 5 cofftuni’éations. *? 12. A nobile
radi ot el ephone according to Claim1l wherein said injecting neans
conpri ses nmeans for i njecting an audi bly pl easing alignnent signal

which is a 1@dupwhsing oleamsrtasi hyjeetbhyeansaydablet réngnheat t he
recei ved radi

G gcansagaibls e
(i spl oasi ng. ST ISR 6 o o Ehan oFE ealhurBL8E KBS, evendE, Sl gnal

strength of* telurstmiaedheck r adi el epboDeeopaibealephAsdne

A nobi |l e radi ot el ephone, according to Caim1l
npr | S§EMunicationgpans for renmoving noi se fromthe received
error deteeting neans, responsive

nmeans co
radi ot el ephone comuni cati ons; 20

to said renoving nmeans, for detecting that said renpbving neans is

unabl e

to remiie t e ndiske frahiotrelepheny clicradddngl bphCheim 1

CO””un'Cat'OW%ef¥¥L said injecting means comprises means for

10

15

20

25

injecting an audibly pleasing alignment signal which is a
function of increasing received signal strength of the
received radiotelephone communications, and for injecting
an audibly displeasing signal which is a function of
decreasing received signal strength of the received

radiotelephone communications.

13. A mobile radiotelephone according to Claim 1
wherein said converting means comprises:

means for removing noise from the received
radiotelephone communications;

error detecting means, responsive to said removing
means, for detecting that said removing means is unable
to remove the noise from the received radiotelephone
communications; and |

error concealing means, responsive to said error
detecting means, for concealing effects of the unremoved
noise in the received radiotelephone communications; and

wherein said injecting means is responsive to said

error detecting means.

|

wherein said converting

13.
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error conceal i ng means, responsive to said error 25 detecting neans,
PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION

concealing effects of the unrenoved noi se in the recei
r adf ot el ephone communi cati ons; and wherein said i S
responsive to said error detecting neans.
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(57) Abstract
» - w
A mobile radiotelephone injects an audible alignment signal which is a finc- Yl
tion of the orientation of the radiotelephone antenna, into the auditic radiotle-
phone eommunications. The audible alignment signal prompts the ALIGNMENT SIGNAL
user to reorient the radiotelephone antenna for improved alignment with the source PRODUCING
of radiotelephone communications. The audible alignment signal is preferably a
function of the received signal strength of the radiotelephone communications. 310
The audible alignmem signal is preferably artificial noise which is injected in the 1 Z
radiotelephone Joudspeaker along with the radiotelephone communications sig- PRODUCE BIGNAL WHICH
nal, to thereby restore subjective graceful degradation behavior lo the received
radiotelephone communications. Artificial noise injection is preferably used with INCREASES AS A FUNCTION
coded digital radiotelephone systems which do not andibly degrade until a thresh- OF DECREASING RECEIVED
old iz reached, below which communications are suppressed, Antificial noise in- SIGNAL STRENGTH
jection may also be used with variable power base stations.
320
/.
USE THE S8IGNAL TO
AMPLIFY ARTIFICIAL NOISE
330
Z
INJECT THE AMPLIFIED
) ARTIFICIAL NOISE INTO
.- S THE RADIOTELEPHONE
COMMUNICATIONS




