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15 The telecommunications Industry Association developed a standard
for code division multiple access (CDMA) communications systems in the
Interim  Standard IS-95A, entitled “Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System” (hereafter 1S-95). In IS-95 systems, the mobile station controls the

20 energy of its transmissions by means of a combination of open loop and
closed loop power control methods. In open loop power control, a mobile
station measures the received energy of the forward link signal from a
serving base station and adjusts the energy of its reverse link transmission
in accordance with this measurement. In closed loop power control, the

25 seriring base station measures the energy of transmissions from the mobile
staion and sends a series of up/down commands based on this
measurement to the mobile station which adjusts its transmissions in
response. A power control system employing closed loop and open loop
power control is described in U.S. Patent No. 5,056,109, entitled “METHOD

30 AND APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A
CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, assigned to the

assignee of the present invention and incorporated by reference herein.



2 In 1S-95 the nobile station is required to nonitor the' Forward Traffic
~Channel performance during a call. Wen the nobile statign receives twelve
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modulit ithese epbopopads ofw&iDMissad by  the Telecommumcatlons Industry
Association, entitled "The cdma2000 ITU-R RTT Candldate Submission”
(hereafter cdma2000). In cdmaZOOO the equlvalents of the Forward Traffic
Channel in IS-95 are the Forward Fundamental Channel (F-FCH) and the
Forward Dedicated Control Channel (F—DCCH) The data frames

20 transmitted on these channels can be either 20 ms or 5 ms in duration. For
F-FCH, a frame (20 or 5 ms) is transmitted in every 20 ms interval aligned to
the beginning of the CDMA System Time. For F-DCCH, the transmission
can be discontinuous, sf;ch that there may not be any data frame transmitted
ina 20 ms intérval aligned to the CDMA System Time.

25 The use of code division imiltiple access (CDMA) modulation
techniques is one of several techmques for fac111tatmg communications in
which a large number of system users are present. Other mulhple access
communication sjrstem teé:hniques, such as time division multiple access
(TDMA) and frequency division multlple access (FDMA) are known in the

30 art. However, the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access .

communication systems. The use of CDMA techniques in multiple access




significant advantages over these nodul ation techniques for nultiple access
conmmuni cat | t.ems. The use of CDVA techniques in nultigplesafn WO

01/ 08439%@2%%/ 19907 3 com‘rum cation systens is discl osed I'n Eﬁ@
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15 allowing a signal arriving with different propagation delays to be received
and processed separately. Examples of path diversity are illustrated in U.S.
Patent No. 5,101,501 entitled “METHOD AND SYSTEM FOR PROVIDING A
SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR
- TELEPHONE SYSTEM,” and U.S. Patent No. 5,109,390 entitled “DIVERSITY
20 RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM,” both assigned
to the assignee of the present invention and incorporated by reference
herein. |
In a communication system that provides data using a QPSK
modulation format, useful information can be obtained by taking the cross
25 product of the I and Q components of the QPSK signal. By knowing the
relative phases of the two components, one can determine roughly the
velocity of the mobile station in relation to the base station. A description of
a circuit for determining the cross product of the I and Q components in a
QPSK modulation communication system is disclosed in U.S. Patent No.
30 5,506,865, entitled “PILOT CARRIER DOT PRODUCT CIRCUIT,” assigned to
the assignee of the present invention, the disclosure of which is

incorporated by reference herein.



a circuit for determning the cross product of the | and Q conponents in a
QPSK nodul ati on comuni cation systemis disclosed in U S Pat ent No. 30
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assi gnee of the present invention, the disclosure of which is incorporated
by reference herein. WO 01/08439 PCT/ U0/ 19907 4 There has been an
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based upon the type of frames received. 15 SUMVARY OF THE | NVENTI ON The

present i SYSTEMA iassignedt Hod ﬂmed ansigneat usf f e sprasent simeendioniedirvht ed
control channel sgdqj; n WI r ess comruni cation system The = 20 invention
sol ves a VAMIBPIA ¥si on probl ens when an enpty frame is

encoungger ed. ANédw S.heﬂm@.%m gehﬁsﬁ\'g tEPFDECED hrd A8 v BadsCpped in
| S-95, where enpty franmes are
a count er isfincthis ediscontinpaus f tranemissbOUNRTX) pwdet diecase23he omehile i ve
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frame, or an empty frame (i.e., no transmission), and how to handle the
transmission based upon the type of frames received.
15 _ o _
SUMMARY OF THE INVENTION

The present invention is a method and apparatus for supervising a
dedicated control channel used in a wireless communication system. The
20 invention solves a variety of F-DCCH supervision problems when an erhpty
frame is encountered. | ' '

A first embodiment is an improvement upon the methods used in .
' IS-95, where empty framés are simply ignored. The mobile station
maintains a counter of consecutive bad frames, COUNT1, a counter of
25 consecutive good frames, COUNT2, and a counter of empty frames,
COUNTS3. Each of the COUNTSs are set to zero at the b'eginni.ng of a call. For
each frame received, the mobile station determines if it is a good frame, a
bad frame, or an empty frame. If the received frame is a good frame,
COUNT1 and COUNTS are reset to zero and COUNT? is incremented by 1.
30 If the received frame is a bad frame, COUNT1 is incremented by one and
COUNT?2 is reset to zero. If COUNT1 reaches a first threshold value, TH1,
the mobile station disables its transmitter. If COUNT2 reaches a second

inmply~ignored. The nobile station maintains



COUNT3. Each of the COUNTs are set to zero at the beginning of "a call. For
each frang 8?/88%3/% the nobile station determnes if it 'ﬁcﬁu?db g,,j‘7rame a

bad franeg, an enpty frame. If the received frame is a good

COUNTI and COUNTS are reset to zero a@d COUNT2 is incremented by 1. 30 |
the received frane is a bad frame, COUNT1 is increnmented by one and COUNT2
i s reset thresheld valde, (THRT the emobile stations resehablebolts tyvathsmittaidl, Thehe

nobi | e sta dlsables Lts transmtt 2 secod IIIIII
W0 01/ osEsbilecstrtion gpseis i3 faée FHRES P %ngé%vqrhg&ﬁbﬁ
r e- enabl gsthhrdsﬂ{é%g‘rrﬂlr e, T mobil e station resets its fade ti rrer to X

seconds whenever a third threshold value, TH3. If the
recei ved fran¥f the mceivedt ﬁtaﬁtealman@ﬂlpfmfmmh COONNThrand CQUNEhgee, but

NT incre ed | f. COUNT3 re hes a hr eshol d val ue,
TH4, gheuﬁﬁlb?li‘%e téﬁ @Hﬁﬁﬁa s dnrementeds B oag- . Ty &5&%@3 reackiRed a
fifthth[ﬁﬁ@ﬂl gﬁ,gf t Smet ter,

i f not afrea tﬂé?%{gt!)?e‘(’fi 'n “déc a%‘?g%lﬁ &é%@wadr}g@?%?% i C gﬁfntﬁgl r%s Iost
10 In anGOIéNTéntaacﬂwssmtﬂ,fth Hereshbld eah.teatTHﬁ) theenobile statimi dishbbed its
strength (Ec/l.0 | ot et t er for Uper vi si on.
e anamiter o At ey Gaebied. Snicidscfarle b ey T

averagesChtalﬁﬁg} %%Sta designated tine |nterval If this average aggregated
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nmobi 18 15 st aIIL emofferabirdwdimertty £he mnobie. staﬁonhasmﬂ\e:a'ﬂtemdspﬂelt ow t he

t hr eshol ecified,p of ti nobi Ie. station
di sabl esdqr? i"t@%@&?t%‘f& %&Aﬁﬁ QiR EE%H ﬁiﬂﬁéﬁg% BysSiie
Forward Thafxﬁétﬁodqzo%mégéteﬁ&é Béflo &Oalﬁnfcﬁ@(i'h | the ' £6190RISERRING weﬁg@s skilled
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15 station disables its transmitter. If the AAV continues below the threshold
for a longer specified period of time, then the mobile station disables its
transmitter, if not already disabled, and declares the Forward Traffic

Channel as lost.

20 As readily recognizable to one skilled in the art, the invention also
provides a number of advantages and benefits that will become apparent

after reviewing the following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Some of the features, objects, and advantages of the present invention
are set forth in the detailed description below and when taken in
conjunction with the drawings in which like reference characters identify

correspondingly throughout, and wherein:

- 30 FIGURE 1 is a diagram illustrating the elements of a wireless

communications system;
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li ke reference characters identify correspondingly throughout, and

wherein: 30 FIGURE 1 is a diagramill @strat i ng the elements of a wireless °
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reverse Fﬁp ﬁ'bgpal s 8 to base station 2. In the exenplary enbodi nent,
forward I'ink srgnals 6 and reverse link 10 signals 8 are code division
multi g e access (CDVA) communi cations signals as contenplated by the
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Physi cal sl.gef4.- MOBilti §tatibf & tfanstitd Réveeb&@MRIK sighele83arbast etatidie 2.
transm ssion of the F-DCCH on forward |ink_signal 6 and for reciption of

reverse Inrthesexpmplagyi embodiment.aferwvard dinkatségnalst &jand weyversgedinvlor :
transm ssion,on the E- .are . erated 4 e r ( DCCH
2SR, Sl el 5ol BRI B BRI HALRY (VAR e Gl
handof f i 8tdmplaté® HRIRS  TeleEomamntiaationss kadestrpAsliostatitgedn btheow.  The
F-DCCH is a DTX " channél that is transmtted when there is a sage or
messages candidate submission to the International Telecommunications nio
(ITU) entitled “The cdma2000 ITU-R RTT Candidate Submission” and
 which has been further refined in the Interim Standard Draft Text entitled
15 “Proposed Ballot Text for cdma2000 Physical Layer”.
Turning to FIG. 2, the elements necessary for the transmission of the

F-DCCH on forward link signal 6 and for reception of reverse link'signal 8 is

" jllustrated in greater detail. Messages for transmission on the F-DCCH are

generated in F-DCCH message generator (DCCH MSG GEN) 100. These

20 messages may include rate scheduling meSsages, handoff direction

messages, and response messages as discussed below. The F-DCCH is a DTX

channel that is transmitted when there is a message or messages to be
communicated from a base station 2 to the mobile station 4.

A message is provided to F-DCCH processing element 102. F-DCCH

25 processing element 102 performs the necéssary pre-processing and encoding

of the F-DCCH message and channelizes the message for transmission on

the F-DCCH of forward link signal 6. The F-DCCH message is provided to

cyclic redundancy check (CRC) and tail bit generator 104. In response, CRC

and tail bit generator 104 generates a set of CRC bits in accordance with the

30 bits in the F-DCCH message and appends the CRC bits to the F-DCCH

message. CRC and tail bit generator 104 then appends a series of tail bits to

- HA



comuni cated froma base station 2 to the nobile station 4. A nessage is

provi ded processi ng el enment 102. F-DCCH 25 proc nt
o‘&ﬁé’llpﬁgg_‘e Féﬁﬂ]ﬁﬁb/ﬁb@;'m

102 perf cessary pre-processing and encodi ng
message and channel i zes the nessage fog transni ssion on the F- DCCH of
forward link signal 6. The F-DCCH nessage is provided to cyclic redundancy

check (CRfparttite maérnoby tofganixceter af fde receives ot rodides thed resulting t
generator 104 g(gnergﬁe{s a set of CRC bits in accordance with the 30 bits in
the F- DCappgkes & gac pendstheCRCbltstotheFDCCH ‘message. CRC and

tail bit genergt er t ILs
01/ 08439 PCT/ L@C%"I;Qgg?&l%ﬁ?aear éﬁ%@fm?@é% r ﬁcﬁecl%dér Cgﬁvﬂ‘g‘!l#’ggg\f)ver
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enbodi pent,, encode 106 is a convol utional __enco t he desi gn and
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vent| OfenecabrEdiieh al 180K RGeS hcPLTo LXRRR-E MCBHEIdRd Spitbs b ock

encoders an turbo encoders. e encode are provi
i nt er | eavare pR¥idédtterihtalenvet QS emtddeavehamymmdierﬂ measymbedbmran ned
fashion in order top vide tinme diversity into the éransmsslon t he.

F- DCCH neReesgtermined, 1a§li“I°Qav‘F‘ng° éré‘?l PRoRkde,Stime 191VEEs iR IR0 thesyl ¢ s
of an err r Ut?‘ﬁ r e of
t he deco e'?in%%rﬁst% oerp\régctellg\l}gr grgxgééﬁgrg ror Bﬁgse'trgé‘%@ﬂ% ‘;&??‘ i8R fr}grcg errors
t hat d@cspreaddbe nesultsl gf an @rsort hpist aJIve'r nthei padkes sn cxdemiio iiuq:mownstls&yst ens.
The interl e ved synb a rovided t ovver ont r,pl ctu Lng, . 15

el enent "hrogrfg‘ ﬁa%ﬁ?%ﬁ‘f gg r &€ F&G%er sé&T qu  RBn?P¥ of
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Stream " The power control bits are transmited to nobile station 4 and are

used to atiammurtln%tlomaﬁymem on energy of reverse link signal 8. The
synbol s from ppneturing element 109 QLeoPIY 889 SeSntrol puncturing

15 element 109. Puncturing element 109 receives reverse link power control

bits and punctures the power control bits into the interleaved symbol
stream. The power control bits are transmitted to mobile station 4 and are
used to adjust the transmission energy of reverse link signal 8.
The symbols from puncturing element 109 are provided to de-
20 multiplexer 110 that alternatively outputs the symbols onto different
processing paths. The first output of de-multiplexer 110 is provided to
spreading element 112a and the next output of de-multiplexer 110 is
previded to spreader 112b, and so on. Spreaders 112 spread the de-
multiplexed symbols in accordance with an orthogonal spreading function
25 Wyeey. Orthogonal spreading is well known in the art and a preferred
embodiment of spreaders 112 is disclosed in the aforementioned U.S. Patent
No. 5,103459. The spread signals are provided to complex PN spreader 116.
In addition to the dedicated control channel, base station 2 transmits a
pilot channel to allow remote station 4 to coherently demodulate the
30 received F-DCCH. Pilot symbols, typically an all-ones sequence, are

provided to spreading element 114. The pilot symbols are spread in



20 nul tiplexer 110 that alternatively outputs the synbols onto different
processi ng paths. The first output of de-nmultiplexer 110.is provided to
spreadi ngvelbros#a® 112a and t he next output of de-nulti pl eXREIT/USOO/19%97
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signal 6. RCVRuftidg tddfiGd 8| &dreeartdink signial kis secpived 6t antarozo0@and with a-
QDSKlg e”}?l%l{}igéé %ﬂrough duplexer 202 to receiver (RCVR) 204. RCVR 204 down- '
converts, amplifies, and filters forward link signal 6. RCVR 204
demodulates forward link signal 6 in accordance with a QPSK demodulation
" format and outputs the in-phase and quadrature-phase signals to complex
PN despreader 206. Complex PN despreader 206 despreads the received
20 signal in accordance with the two pseudonoise sequences used to spread the
signal (PN, and PN,). The despread complex PN signals are provided to
pilot filter 208. Pilot filter 208 further despreads the signal in accordance |
- with the orthogonal spreading sequence W,,. The ‘despread pilot symbols
are provided to Ec/Io calculator 214 and dot product circuit 216.
25 The complex PN despread signals are also provided to demodulator
210. Demodulator 210 demodulates the PN despread signals in accordance
with the orthogonal spreading' code Wyy. The despread signals are then
provided to dot product circuit 216. Dot product circuit 216 computes the dot
product of the F-DCCH and the pilot channel. Because both the pilot
30 channel and dedicated control channel traverse the same propagation path
they will experience the same phase shifts.” By computing the dot product of
the pilot and DCCH channels the result is a scalar set of magnitudes with the
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format and outputs the in-phase and quadrature-phase signals to conplex PN
despreader 206.. Conpl ex PN despreader 206 despreads the re};iell' si gnal
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signal (PNl and PNQ . The despread corg)l ex PN signals are provided to

pilot filter 208. Pilot filter 208 further despreads the signal in
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pil ot synbols are provi o calculator 214 and_dotl product_ circuit
216. 25 Tielatprpdust drduie2ls isatescribedlis the aferementioned dd.S. PatenbiNg.at or
210. Dem%%%gr 210 denodul ates the PN despread signals in accordance
with the onal spreadi ng code WCCCH The despread signals are then

provi ded to dqthePrépdiltaht Gentoiiiilatdd syRiiold FrstCdopfodiidt diduit @TBWres t he
dot product of the F-DCCH and the pilot channel. Because both the pilot 30
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anbi guities. renoved. A'(greferred | npl ementation of dot product circuit

216 i s dekeclarationiof areadsframaeretor | corgrobppregessep 2225, Jberecae TIhe

oS e BRBRCH SHGE BATIChE: AL o BE AlGAeg TR 34 0o frerhulleoV! ded
(i nt erlieavetidttier dee CRUL Whier gatichterbiwallynst Recsidestation £cheskiwigsthge and

provides an estimate of the nessage or a signal indicating the declaration
of a badderaded (RObis cAnsecondyindesesnpuie thehsrabgl ereor satepef the ways

t hat b A fj ' t j t he
Gre vhen oAy By RORGRAEE (e rebdlrel erl BAHE SbOR FHIBTERSI | "Crc
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P e- encoded syd§) ge afﬁiptséfé“l&%léogg@ ofigk product circuit 216 ard lso

15 provided to empty frame detector 220. Empty frame detector 220 computes
the signal to noise ratio of the demodulated symbols and compares the
measured signal to noise ratio to a threshold. If the signal to noise ratio is
below the threshold an empty frame is declared. It should be noted that
there are other methods of determining an empty frame, any of which may

20 be employed without leaving the scope of the present invention. A method
and apparatus for detecting empty frames is disclosed in co-pending U.S.
Patent Application Serial No. 09/150,493, entitted “ENERGY BASED
COMMUNICATION RATE DETECTION SYSTEM AND METHOD”
assigned to the assignee of the present invention and incorporated by

25 reference herein.

Data frames that are not empty are provided to DCCH control
processor 222, which extracts the punctured power control commands and
sends a signal to transmitter 232 adjusting the transmission energy of
reverse link signal 8 in response. The loss of this power control command

30 stream results in an inability to control the power of reverse link signal §,

which in turn increases the potential for jamming the reverse link.



The denodul ated synbols from dot product circuit 216 are also 15 provided
to enpty franme detector 220. Enpty frane detector 220 conputes the signal
t o noi se welohnsed t he denodul ated synbol s and conpar es t hePCTES9(18%0d si gnal
to noise ratio to a threshold. If the signal to noise ratio is belowthe
threshold an enpty frane is declared 10t shoul d be noted that there are
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220 that and theavaiuk ofdTINT8r22¢cisdncteasented. dfrthevaliierafeCDELIN 224 Seath?i 1 224

3.227 | t t.th
ol 1 101 % BRSOl oTEDq theh D, Sanfal PSS 2n2 crndS T e 28 1 o
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a bad frane, then is increnmented and IS reset to zero.
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15 then DCCH control processor 222 sends a signal to transmitter 232 disabling
the transmitter. If the value of CNT3 227 reaches a threshold THS5, then -

DCCH control processor 222 sends a signal to transmitter 232 disabling the

and

‘transmitter, if not already disabled, and declares a loss of the Forward Traffic
Channel (i.e., terminate the call.) - |

20 In a second embodiment, base station 2 transmits a frame, referred to
herein as a supervisory frame, every N-second interval, if there is no data .
frame to be transmitted on the F-DCCH at that time. The supervisory frame
contains pre-defined bits known to the mobile station and is transmitted at
the lowest data rate that has been negotiated between base station 2 and

25 mobile station 4. Referring to FIG. 2, timer 134 tracks the N-second intervals
and at the expiration of the interval sends a signal to control processor 132.
Control processor 132 determines whether there is a message  for
transmission and if not pfovides ‘a signal to message genetator 100 to
generate a supervisory frame. The supervisory frame is transmitted on the

30 F-DCCH channel as described with respect to other DCCH messages
previously. Mobile station 4 then performs F-DCCH supervision on non-

empty frames transmitted at such preset time in a way similar to that



Thereafter, if the value of CNT2 226 reaches a threshold TH2, then DCCH
control RprocessQs 222 sends a signal to transmtter. 232 rgeRpsdshose the
transmtter. SImlarly, if the value of CNI3 227 reaches a threshold TH4,
15 then DCCH control processor 222 sendqs a signati:to transmtter 232
disabling the transmitter. If the val'ue of CNT3 227 reaches a threshold
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previously. M tatron 4 then perforns F-DCCH supervision on
f ranel) t fomses texeebdst a shodshpldseln @i preferred emnposiimendyr the supervisoryl111 |
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periodic frames. In another enbodiment, the nobile station knows that a
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15 from message generator 100. When the number of consecutive empty

-

frames exceeds the threshold values, then control processor sends a signal to’
issue a supervisory frame to message generator 100 to generate the
supervisory frame. The supervisory frame is transmitted on the F-DCCH
channel as described with respect to other F-DCCH messages. Mobile station
20 4 then performs F-DCCH supervision on all non-empty frames in a way
similar to that defined in IS-95, with potentially different value for various
thresholds. In another embodiment, control processor 132 tracks the
number of consecutive empty frames in a given time interval N. If a good
frame is not received within the time interval N, then CNT1 is incremented
25 and the invention proceeds as discussed above.

In a fourth exemplary embodiment, mobile station 4 transmits a
request message that requires reply from base station 2 when the number of
consecutive empty frames detected exceeds a threshold. The reply can
simply be an acknowledgement that the request message was received.

30 Referring to FIG. 3, control processor 222 receives an indication as whether a
frame is empty from empty frame detector 220. In this embodiment,

counter 224 tracks the number of consecutive empty frame and is reset -



In a third enbodi nent, base station 2 transmts a frame, referred to

herein as a supervisory frane, whenever the nunber of consec_g/&'v ty 10
frames. exWOMOBH9¢ hreshol d.. In a preferred embodi ment, tHEC E@?\?? ory
frame contains pre-defined bits known to the nobile station and is )
transmtted at the |lowest data rate t e has been negotiated between base
station 2 _ Iy | i f:erg.l 0 & r 132
tracke t natan A fFardb B diod Hraly K e Wb (e oo B o RN rel o 15
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20 4 t Benmpehdlators Z30)CGErids uppredrsiestedpn ahplified- capd y filiereds bnta veay '
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the —nunbgt Qiisﬁﬁgﬁéééh é‘%@ﬁ?%&eﬁa&?@e‘ﬁdé& fn The QbhridaFB, WHiek \ddeshot T @
good framayls not recefved within the time interval N, then CNT1 is

| ncr enent exlise 2myabdse station actioonbesides sdnding @ins adksnesyledgement. n Eorf ourt h
exenpl ary enbodi nent, nobile station tr NS a hequest ssage t hat
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acknow edgerment that "the request nessage was received. 30 Referring to FIG
3, cont r dupervisesy frame pnrtbedi-I%XsCHn i ndi cati on as whether a frame is -

enpty frome f.ra tor 220, In this . LIRN 4
racks the numberiag Bohfiactfé 2eaher, Mebuied STECHY NN ariifa ¥ a8,
PCT/ US00/ gRAded 12 réhievér Trriwhieirdowvn-gondefts aamplifiededrad fittbrs \Nbeorsehe
count of consecutive enpty frames exceeds a t.hresholczj#control processor
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goper 35 CDLASH TS 126 "TeiBlatds I GHTAl AIRPAGBALS PAC QRREdLY thaCOder

-demodulated symbols providing the request message to control processor

-132.. In response, control processor 132 determines if a message is queued to
be transmitted on the F-DCCH and if not sends a sighal requesting that
message generator 100 generate a message for transmission on the F-DCCH.

20 In the exemplary embodiment, the message generated by generator 100 is
simply an acknowledgement of the receipt of the request message from
mobile station 4. .

The mobile station knows that the base station will reply. Therefore,
in another embodiment, if the mobile station does not receive a good frame

25 within an interval of T seconds after the request message is sent, CNTI1 is
incremented and the invention proceeds as discussed above. In another
version, the mobile station contains an acknowledgement counter that
counts the number of times the mobile station attempts to transmit the
request message. If a response from the base station is not received within K

30 number of attempts, the mobile station disables its transmitter, if it is not
already disabled, and declares a loss of the Forward. Traffic Channel (i.e., the

call is terminated).
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5 nodul ator 230, and up-converted, anplified and filtered onto a
predeterm ned channel of reverse link signal 8. The request nmessage _can be
any exi sWO818843%age that is already defined in the standd U7 does
not cause any base station action besides sending an acknow edgenent. For
exanpl e, the Power Measurehént Reportlﬁbssage. The request nessage 10 can
al so be a special nessage that causes the base station 2 to transmt a
supervisory frame on the F-DCCH. Turning to FIG 2, the request nessage is
feceived on arlneafifthSembddimeditj aesbile stativni ¢ararishiteha abqdestnmessage t s,
anplifies and filters rev%rs I i nk signal 8 agd pr.ovi des. t he fecei ved

si gnal t VhiRodedRirey 2138ply 1opk kse| $EPN 12 9vaeRothe AWBbeReokegNRTY and
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of reverse link signal 8.

15 Turning to FIG. 2, the request message is received on antenna 8 and
provided to receiver 124 which down-converts, amplifies and filters reverse
link signal 8 and provides the received signal to demodulator 126.
Demodulator 126 demodulates the signal and decoder 128 decodes the
demodulated symbols providing the request message to control processor

20 132. In response, control processor 132 determines if a message is queued to
be transmitted on the F-DCCH and if not sends a signal requesting that
message generator 100 generate a message for transmission on the F-DCCH.
In the exemplary embodiment, the message generated by generator 100 is
simply an acknowledgement of the receipt of the request message.

25 The mobile station knows that the base station will reply. If a reply is
not received within T seconds after sending the message, then CNT1 is
incremented. In another embodiment, the mobile station contains an
acknowledgement counter that counts the number of times the mobile
station attempts to transmit the request message. If a reply is not received

30 after K attempts at sending the message, the mobile station disables its
transmitter, if it is not already disabled, and declares a loss of the Forward

Traffic Channel (i.e., the call is terminated).
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si gnal reampedhresholdser medidigdcon@Sner at or 100 generate a message for -
tranggi ssi on FePRRHE. 136 VoD Ol /BbS thbercRBREATE
gene?gt ed by lgée]fﬁ%{lggo?%' ?’stﬁbs%%ag)%gnmgginrg%@g%gemnt of the receipt of
the requpiét spabelseis mphtedrirbBeglostatulatork2iis ThaEcAlhevdlue efosttiiei on wi | |

reply. IT_a reply is not received wthin T.secon ft endi ng the
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times t mobi station attenpts to transmt the request nessage. If a
reply i sproviide en eiggeeiate Eaj ler The dictivepSet of baserstatigns he the setgbbasene

mobi g stafion disahles its .transm.tter  .if jit.is,n l:5abl ed,
and agcl %ngn%cpggg?lgfcqlﬁgugg?w% ngl? at ?l?%e fﬁ?%lr? he?' ???Z%é,’g%?g%teggrcﬁbi s
ter m natg@)o is provided to control processor 222 that compares the aggregate Ec/Io -

to a threshold value. If the aggregate Ec/Io exceeds a threshold a good frame

is declared and if the aggregate Ec/Io is less than the threshold a bad frame is

declared. This allows mobile station 4 to infer a received frame, if non-

20 empty, is a good frame or a bad frame without decoding the frame. Based on

‘these counts, mobile station 4 will enable or disable transmitter 232 as
described previously.

In another embodiment, the aggregated Ec/Io is averaged over certain

specified time intervals. If the average aggregated Ec/Io is below a threshold

25 THx for a first time period (for example, 220 ms), then the mobile station

will disable its transmitter. Thereafter, if the average aggregated Ec/Io is

above a threshold Thy for a second time period (for example, 40 ms), then

the mobile station will re-enable its transmitter. However, if the average

aggravated pilot Ec/ Io remains below the threshold THx for a much longer

30 third time period (for example, 5 seconds), then the mobile station will

disable its transmitter, if not already disabled, and declare a loss of the

Forward Traffic Channel (ie., terminate the call) Although suggested
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uses the. wi pilot strength (Ec/lo0) of__pilotsmth t to

perform F %perw sion. |If the aggregated Active. ﬁ#oi{ %ﬁfl ois

above a preset threshold, nobile 5 sta?'?on 4 considers the dat a, if sent

in.that frame, wll be recei ved correcftly --- therefore, a good frane.

QO her wi selengtbs|for shattima ldemndas aegvérette titite geeridtbdareAadaprvy, ghan rul e
d frame and bad -frape sinmlar to that

with the abov efinition 0
Speci fi ed Y Esqgﬁg%faﬂr Ph‘é‘%%&‘ ugrtiondepending upphdhe applicatioashol ds or

nodi fi ed ones. t e /10) of
the received EHI23 &éﬁéﬁ%rasés‘? ﬁ%rﬁ‘pouffb(l; \9&1&%9% ?‘l(l) callngélﬂtgtlg ﬁgﬁdéﬁﬁg Echo
val ue for enable oy ;uter:«s;:trgsiallledfm]c thenarttol malkesogmb thel prezebiingenwon) t he

Ec/lo ﬁal 'ILF‘ |Iot hrom ot her, base tions in_the Active Set of nobile
statio § Vﬁf? da‘ C%B%‘?%H%lﬂée%c? odymenise will besxaadsly apparent 40i ons

is the se basedl t C bj ation
> Lfe seinge SRIRALE thelarfinc thé SAcHco PGS Lokl DULIROLLS BAC
conpar es applied doegthes Embodlmenfs tmrthehblthevabeleof tHe tlheeﬁﬁgée .ChO

exceeds hres ol d a%QOdfra is declare nd if the aggregate Ec/lo is
| ess than eGP, IBEEN PG 1els| é‘OtdéEF thi Be alimyied niwi Itbe

station 4eﬁ1‘bok1'i&fn%f1tsasl{cﬁﬁﬁ 'h\é?éin P;ﬁta:lgsco BJ dgcﬁ) tﬁ Mesi! §c eggo%l%tréﬁne or a
bad franme wi thout decoding the frane. hese ts

stati 88 4wifh thepainciples add suisted fe:ntanesrdnScﬂmseﬂBBeMn descrl bed previously.

I n .anot her enbodi nent, the aggregated Ec/l1o is averaged over certain
specified tine i ntervals. If the average aggregated Ec/lo is below a

t hreshol dwe2elalims for a first tine period (for exanple, 220 ns), then the
nobile station will disable its transmtter. Thereafter, if the average
aggregated Ec/lo is above a threshold Thy for a second tinme period (for
exanple, 40 ns), then the nobile station will re-enable its transmtter.
However, if the average aggravated pilot Ec/lo remains below the threshold
THx for a much longer 30 third tinme period (for exanple, 5 seconds), then
the nobile station wll



disable its transmtter, if not already disabled, and declare a | oss of the
Forward Traffic Channel (i.e., termnate the caII ) Althou su Hested
119111; \WPOVPBA39 PCT/ USO0/ 19907 15 |l engths for the tuP%é”‘b%‘ﬁ 8 are
given, the tinme periods are adaptive, ﬁ&yd may be | onger or shorter in
duration depending upO the applicatio The previous description of the
various enbodinents is provided to gﬂgﬁgﬁ%any person skilled in the art to
make or use the present invention. C arious nodifications to these
enbodi mrents will be readily apparent to those skilled in the art, and the -
generic principles defined herein nay be applled to ot her enbodi nment s

w t hout the- usg of {&r&r%ne![&gwdf %ﬁ%é%n%g? dea_fEH assitel I nvention is

not intended to be rrents erel nebut is to be

accor @ed trhnsmittsd in &Cdiseonhnaom ermSnﬂlﬁsmnt(ﬁ)"lIX)empdlertoi plmsbided novel
features di sclosed herein. We claim WD 01/08439 PCT/-US00/ 19907 16 CLAI M5

1. A met W#ateB, COMPEISING ng a dedi cated control channel 2 transnitted in a
di scont i nuous frﬁﬁﬁﬁg}émg éP%M&&ed 3P Hafsmitdb \A%O%h&amr L$idng:. 4

tracking a type received In a transm ssion, ereln said franes
conpri se ﬂnaﬂe’srcarrqmsegbarﬂfﬁammsegpodrfdamt@nd Oy ; framesyunt | ng the nunber

of bad frames recejved ( rein t ed. |f a bad
frane b s receiSRtt u}gsggqnpm Qfl?ﬁ‘fg%drecgwféa@pﬁ@c& M di sabl i ng

a mobi | e GOYNPY ik 5 ﬁ&%ﬁ\éﬂt@& iffa %JWa]mgﬁﬁ%gév@df irbSelt tolgef‘ohife§ d (THL);
counti ng the nunber of good franes received COUNT2 2), wherein COUNT2 is

|ncre|8entfealm1eflsa'egmueld,frarre IS received, and reset to zero if a
disabling a mobile station transmitter if COUNT1 exceeds a first

10 © threshold (TH1);
counting the number of good frames received (COUNT2), wherein

12 COUNT2 is incremented if a good frame is received, and reset to zero if a

bad frame is received;

14 enabling said mobile station transmitter if COUNT2 exceeds a second
threshold (TH2); '
16 setting a fade timer if COUNT2 exceeds a third threshold (TH3);

disabling said mobile station transmitter and terminating said

18 received transmission if said fade timer expires before COUNTT1 is reset to

zZero;
20 counting the number of empty frames received (COUNT3), wherein:
COUNTS3 is incremented if an empty frame is received, and reset to zero if a

22  good frame is received; |
disabling said mobile station transmitter if COUNT3 exceeds a fourth

24  threshold (TH4); and
terminating said received transmission if COUNT3 exceeds a fifth

26 threshold (TH5), wherein TH5 is greater than TH4, or upon completion of

said received transmission.
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bad frane is received; 14 enabling said nobile station transmtter if
COUNT2 eyce second threshold (TH2); 16 setting a faqR-yndifiodey COUNT2
exceeds g‘?(?ﬁ?@aﬂt hreshold (TH3); disabling said nobile station transmtter
and termnating said 18 received trapgm ssion if said fade tiner expires
before COUNT1 is reset to zero; 20 counting the nunber of enpty franes
received (COUNT3), wherein COUNTS is increnented if an enpty frame is
received, and reset to zero if a 22 good frane is received; disabling said
hobi | e st ati of. tThnawthod reditedCUNEIMek cwherein shtditype o 4rartheeshol d (TH4) ;
and term nating, said received transm ssion if UNT3 exceeds a . fifth 26
Fhr eshol BEGEINESS In Jhee FERRHEOR dNGIHGEP & SURRRISA Trghe SORSEal et Pon of

sai d recgiyV Y SSHABn LAl hd I Me]s 439

PCT/ UsoogéthiS‘gefR’ra?’Qaﬁga %ég&rrrle%ﬁgd}dreggﬁefg*%# gﬁ’al m 1, mr elnsaid type of
franmst 2 COBNTAS iangadik fianze ek remeivetcivithdn said apeintesaly frane
transmtted at a set interval, and wherein said nethod further conprises
increasing 4 COUNT1 if a good frane is not received within said set

interval . 3. Jhepyge oa%eeﬁ&g ih @mh@g,%ermega%arges@ﬁ@ﬁﬂ oddifrsT val
occurs 2 whenever the nunber of enpty franmes In a selected Interval exceeds
a si X2 h wiheneseothe (thiber of emphframshinda selectesinitarval aixece&ds atsérthi n t he
nunber of, enpt ranes are continuous enpty frames. 5. The net hod
recited fl'f‘fegﬁ%%n{{f,{‘t’)furt her conprising: 2 transmitting fromsaid nobile
statipn to a base station a nessage requiring a reply fromsaid base
station, said nessage transmtted when the

4. The method recited in claim 3, wherein the number of empty

2 frames are continuous empty frames.

5. The method recited in claim 1, further comprising:
2 transmitting from said mobile station to a base station a message
requiring a reply from said base station, said message transmitted when the
4 number of consecutive empty frames detected exceeds a seventh threshold
(TH7); and
6 incrementing COUNT!1 if a good frame is not received by said mobile

within a designated time after sending said message.

6. The method recited in claim 1, further comprising:
2 transmitting from said mobile station to a base station K number of
messages requiring a reply from said base station, said K number of
4 messages transmitted when the number of consecutive empty frames
detected exceeds a threshold; and
6 disabling said mobile station transmitter and deeming said received
transmission terminated if no reply to said message is received from said

8 Dbase station.

A



4 nunber of consecutive enpty franmes detected exceeds a seventh threshold
(TH7); and 6 increnmenting COUNTI if a good franme is not received by said
mobi |l e  wWybdli/eseds desi gnated tine after sending said nessadgeCT/@S00bW7 et hod
recited in claim1, further conprising: 2 transmtting fromsaid nobile

station to a base station K nunber of 18nessages requiring a reply from sai d

base station, said K nunber of 4 nessages transmtted when the nunber of

consecutive enpty franes detected exceeds a threshold;, and 6 disabling
sai d nobi | e stZt i orThe mesthpdireriteddn ¢laim Agfurther FRRWINSRAEG: t r ansni ssi on:

Corm a1 g Lepbte 3 SRR, bR S E AT FobRS o

The et hadquieig 8eply fromh Faid bhse sthtions saldr mebsuge Gahsmited twhey theom sai d

nobi l e station to a base station a nessage requiring a reply fromsaid
base 4t atnumbesaf apnm#ageeﬁmgmmﬁédiq?w@_ e i SWeR,HYEFVa)i exsRd®aut i ve

enpty fr ) ected in a given interval exceeds a threshold; and 6
incremenﬁﬁ }%ﬁm&.if a good frane is not received by said nobile wthin

a desiggnat ed tihfenedrittig CXDUNTY i ai goodk frnageis Rot féveivert bpdaidnidbike i n
claim1l, further conprising: 2 transmitting fromsaid nobile station to a
base st atwithirka slegignated tine aiigyeen lﬁﬁlﬁaF‘?ﬁ'@eS&ag%pl y fromsaid base
station, said K nunber of 4 nmessages transnitted when the nunber of
consecutive enpty frames detected in a given interval exceeds a threshol d;
and 6 disabli gy saiThemtdthed steitedin tciainms i furthemoomgeisimgig sai d recei ved -

Lransission Lerm ngked beno LPR Yl 0uShd BPS 9888 dindS NG A 54 0
messages requiring a reply from said ‘base station, said K number of
4 messages transmitted when the number of consecutive empty frames
detected in a given interval exceeds a threshold; and
6 disabling said mobile station transmitter and deeming said received

transmission terminated if no reply to said message is received from said

8 base station within a time period.

9. A method for supervising a dedicated control channel
2 transmitted in a discontinuous tfransmission (DTX) mode to a mobile
station, comprising: | | |
4 receiving a pilot strength measurement for each pilot signal
contained in an active set of base stations;
6 determining an aggregate of said pilot strength measurements;
determining an average for said aggregate over a selected time
8 interval; and |
disabling a remote station transmitter if said average is below a

10 threshold for a designated time (T)).

10. The method recited in claim 9, further comprising deeming
2  said received transmission terminated if said average is below said

threshold for a second designated time (T,), where T, >T,.

A R :



9. A nethod for supervising a dedicated control channel 2 transmtted in a
di sconti nuous transm ssion (DTX) node to a nobile station sing: 4
recei vi ngv@ 040B4&® strength measurenent for each pilot si gngFT g&m’a%ed in
an active set of base stations; 6 determ ning an aggregate of said pil ot
strength neasurenents; determ' ni ng antaverage for sai d aggregate over a

selected tine flnterval nd bI|n are t|on nsm ter i f
sai d average i Lpel 40 aPPA ‘t‘?ﬂlé%ci aup fVge Bg‘g‘?‘ﬁﬁ 10 The
et hod, r eghhethittbd egﬁﬁg ihy Hﬁibnﬁﬁ%ﬁb%&%ﬂ%@fﬂrﬂ@TX?ﬁﬁb&e recei ved

transm ssion termn sald average 1s below said reshold for a
second deemmpaisaﬂgilrre(T) where T2 >T,. LIl C. ijijili 1111 1 WO

01/ 08439 PCT/ US00/ 19907 19 1 An a atus.used to g ervi se a dedi cated
contr& channefranSceIver, Mgans ﬂ‘&& and TgFAVEg | ‘??E‘BHESQIPBFYSM ssi on

(DTX) node,  Coophi fidas c’i‘)xﬁrh%ﬂ?é‘a@i | Ve?ﬂb‘d ft&’rsaid APELLiVER it fgRcel Vi ng

transm ssions; count neans conmmuni ca y coupled to said transceiver

means @ orcov.&ltunmglatriutgbar nﬁbbé.rgtmidtmrﬂ ey, frames eeqeived irapes received in a

transm sstr wher ei n,sai.d ¢ aﬁéj ans | s rese en a new transm ssion 8
gns &84

i s recei vEANSIUSPIQRWHEReB 4 ’Eﬁ?ﬁ{ whetha fievp AFansPigsion; . 5 nes
recei wed isCiQéM%H ahBSwRERSS rsaﬁf c@@ﬁﬂn{eraamuh%& ahé/ﬁan{&@md fadesl O the

nunber of enpty frames recei ved (COUNT3) where said may be

i ncr ement mew@nfcaymmmumarmmtfmnes receieed (GQHANTR), model ved:
COUNTR, 1 Syglenel 8TRRt 9% olh ey Per999d rhEaTEd! &SRR EShd Were 354 COUNTS
may be incremented when:
12 COUNT1 is incremented if a bad frame is received;
COUNT2 is incremented if a good frame is received, and reset
14 to zero if a bad frame is received; and
COUNTS3 is incremented if an empty frame is received, and
16 reset to zero if a good frame is received;
a fade timer, wherein said fade timer is set for a designated period if
18 COUNT?2 exceeds a third threshold (TH3);
disabling/enabling means for disabling said transceiver, wherein said
20 transceiver is enabled if COUNT2 exceeds a second threshold (TH2), and
wherein said transceiver is disabled if said fade timer expires before
22 COUNTI is reset to zero, and wherein said transceiver is disabled if
COUNTS3 exceeds a fourth threshold (TH4); and
24 terminating means for terminating a transmission, wherein said
transmission is terminated if said fade timer expires before COUNTI1 is reset
26  to zero, or if COUNTS3 exceeds a fifth threshold (THS).

* [ L n H *



14 to zero if a bad franme is received; and COUNT3 is increnented if an
enpty frane is received, and 16 reset to zero if a good f cei ved;
a fade ti M08 ein said fade timer is set for a designa {)gﬁﬁﬁé‘y’i%@ 18
COUNT2 exceeds a third threshold (TH3); disabling/enabling neans for

di sabling said transcei ver, wherein sa 2QJI 20 transceiver is enabled if

COUNT2 exceeds nd threshol d (T n_ sai d. tra sceiver is
di sabled if sailgL gg‘ aé:é" B‘i%riﬁe %%ﬁh ef%’?e? o zero, and
wher ei g Sgpgafartﬁé‘%ﬁh&% rfyegabl ed if COUNTS exceeds a fourth threshol d

(TH4) ; 4 termnatin ans for termnating a transm ssion, V\,hereln
said transm sahacknewledgément dountes gndansifier counting she maxmber of e COUNT1

iIlSI it t| Rt gmtp(%q_ mquiny rﬂé_gsﬁggf ﬁsﬁéﬁ&i? "Tb{i%é%%i r%ﬁ%bé&%?‘?ggm 20
12. 'The a%?e&éh%arh &H%ﬁgeﬂéﬂ’%?umer y HORI £iid ssatich; ahdppar at us

further conprises: now e means for counting the nunber
of 461ttenptedtunqnmeymmfels§ge gdas;gnateédtmpﬁrs@réﬁmn fromsaid
apparatus, wherein said inquiry nessages requiring a reply fromsaid
station; and 6 a timer means for tracking designated tine periods. |
IIIiiIIIIIIII"IIIII'I'IIIIIICLMSIIQIF
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