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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 IS-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 serving base station measures the energy of transmissions from the mobile
station 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 that employs the combined benefits of
closed loop and open loop power control is described in detail in U.S. Patent

30 No. 5,056,109, entitled “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM”, which is assigned to the assignee of the present invention and

incorporated by reference herein.
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Association, entitled “The cdma2000 ITU-R RIT Candidate Submission”

(hereafter cdma2000). In cdma2000, the equivalents of the Forward Traffic
Channel in IS-95 are the Forward Fundamental Channel (F-FCH) and the
Forward Dedicated Control Channel (FFDCCH). 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 EDCCH, the transmission
can be discontinuous, such that there may not be any data frame transmitted
in a 20 ms interval aligned to the CDMA System Time.

25 The use of code division multiple access (CDMA) modulation l
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA) and frequency division multiple 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 a multiple access
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15 signal paths through simultaneous links from a mobile user through two or
more cell-sites. Furthermore, path diversity may be obtained by exploiting
the multipath environment through spread spectrum processing by
allowing a signal arriving with different propagation delays to be received
and processed separately. Examples of path diversity are illustrated in U.S.
20  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
RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM”, both assigned

to the assignee of the present invention and incorporated by reference
25 Therein.

In a communication system that provides data using a QPSK
modulation format, very useful information can be obtained by taking the
cross 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

30  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.
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New methods for supervising the F-DCCH are needed when F-DCCH
15 is in this discontinuous transmission (DTX) mode because the mobile
station must now decide whether a received frame is a good frame, a bad

frame, or an empty frame (i.e., no transmission).

SUMMARY OF THE INVENTION
20
The present invention is a nove! and improved method and
apparatus for supervising a potentially gated channel in a wireless
commurntication system.
The first method is an extension of the method used in IS-95 with
25 empty frames simply ignored, but with potentially different thresholds. The
mobile station maintains a counter of consecutive bad frames, COUNTI,
and a counter of consecutive good frames, COUNT2. COUNT1 and
COUNT?2 are set to zero at the beginning of a call. For each frame received,
the mobile station determines if it is a good frame, a bad frame, or an empty
30 frame. If the received frame is a good frame, COUNTI1 is reset to zero and
COUNT? is incremented by 1. If the received frame is a bad frame, COUNT1

is incremented by one and COUNT?2 is reset to zero. If the received frame is



]

the nobile station determnes if it is a good frame, a bad frane, OUZ‘BEE 2003
enpty 30 fWRPATME the received frame is a good franme, COUNKITAU

'zero and COUNT2 is increnmented by 1. If the received frane is a bad frame,
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15 include other non-empty frames received for supervision purpose in
addition to these periodic frames.

, In the third exemplary embodiment, the base station transmits a
“supervisory frame” whenever the number of consecutive empty frames
exceeds a threshold, or when the number of empty frames (consecutive or

20 not) in a given interval exceeds certain threshold. This ensures that the
mobile station has some non-empty frames to perform supervision on
every so often.

In the fourth exemplary embodiment, the mobile station transmits a
message that requirés reply from the base station (for example, the reply can

25 simply be an acknowledgement) when the number of consecutive empty
frames detected exceeds a threshold. This ensures that the mobile station
will receive a non-empty frame upon which to perform supervision.

In the fifth exemplary embodiment, the mobile station transmits a
message that requires reply from the base station (for example, the reply can

30 simply be an acknowledgement) when the number of empty frames detected

(consecutive or not) in a given interval exceeds a threshold. This ensures
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will

15 become more apparent from the detailed description set forth below when

taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 is a diagram illustrating the elements of a wireless

communications system;

20 FIG. 2 is a block diagram of the base station of the present invention;
and

FIG. 3 is a block diagram of the remote station of the present
invention.




7 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS In FIG 1, ba8@DEC 2003
station 2 transmts forward link signals 6 to nobile 5 station 4. Mbile
station 4 twavwmus reverse link signals 8 to base station ey,

exenpl ary enbodi ment, forward |ink signals 6 and reverse link si gnaF?s 8

are code division multiple access (CDWVA),conmuni cations signals as
contenpl ated by the Tel econmuni cations | %dust ry Association in the

candi date submi ssion to the International Tel ecomunications Union 10 (I TU)
entitled "The cd 0&8 ITLEE RTT Candi date Submi ssion” and which has been
further refined in AHED RESCRETION QF TBRE PREFERREDP! oposed

Bal | ot Text for cdna2000 Physi cal k’ﬁég urning to FIG 2, the elenents
necessary for the transm ssion ofE PI ‘EH forward |ink si gnal 6 and
for reception of reverse link signal 8 is 15 illustrated in greater
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present. Theignalsshare todedivisibedmiultipleDi&obbs TN diinfh BN ortd ZighaldCCH
processi ng el enent 102 Rﬁrforns t he necessary preprocessing and encodi ng

of the F- DAS{ORCTR/at hikg kelecommunicationse | Industry A ssaiatio frorthes

transm ssi QR e ERRG f ¢f.0 r L nk. si_gn The F-POCH ssage IS
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of 30 tail 4Propobed BaBdt TeREfIFEHH. t the receiver and
provi des the l{br'faesulti ng packet to g@@@ﬂ%@g_ﬂﬁ#g. DEC 2003 wo oon9711

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

15 illustrated in greater detail. Messages for transmission on the F-DCCH are

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

messages may include rate scheduling messages, handoff direction messages

and response messages (as will be described further herein). As stated

earlier, the F-DCCH is a DTX channel which is transmitted when there is a

20 message to be transmitted and is not transmitted when no message to be
transmitted on the F-DCCH is present.

The message is provided to F-DCCH processing element 102. E-DCCH

processing element 102 performs the necessary preprocessing and encoding

of the F-DCCH message (when present) and channelizes the message for

25 transmission on the F-DCCH of forward link signal 6. The F-DCCH message
is provided to CRC and tail bit generator 104. In response CRC and tail bit
generator 104 generates a set of cyclic redundancy check (CRC) bits in
accordance with the 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

30 tail bits to clear the memory of a decoder at the receiver and provides the
resulting packet to encoder 106.
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convol utiQpal encoder. The design and i nplenentation of which is well
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onto to di fferenﬁé 20 processi na pa'[cwslbgtrhgqu rs te(%% eUtB%f)%]dé‘:lmﬁlﬁ%l xer
110 i s proHBEUdCaMsadsysderns efypicallg 2acoumrd the axts. outPedodefs have
de-nmul ti pl exgL:e ' rovided, t o spreader 112b, and _so on. Spreaders 112
spr ead theegégfuﬁ]r?u;ﬁ% k’%ffggg%ngfd/rﬂ%‘fagt? Sahvg'tﬁ’tjéfﬁ?i‘r\& pithy grears Hbgbde not
spreadi 49 feoratiinrburfBe Cihe QtbHESPRD oPREAIGH NI} ' | rt
and a preferred 25 enbodi ment of spr eggers 112{%1?(#% }l‘%{f{e]g)@ﬁé#ﬁglgf%

af or enent i FHERF DUt gverethe prgketsin g8desdo inprepe ctie peghatrmrrecopribe ded

to conpl ex &kNodRF SRR rekdler, | N @ddition to the dedicated control channel,
base station 2 n the exenpl ary enbodi ment, transmts a pilot channel to

all ow renot e si aTha)mtérlehoed:dymmlateqﬁmgaégtg, Bever iwvad. B l;_)gggn i | ot
synbol s, tygical Lé"bh 30 al!g E’jnes sequence, arebprovie‘gg{&%?opggrea |§g
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el ement 1147°FH8 g elpmens, M receives gevenseclink t powet lcogdral
spreadi 19 g aRaCpMidieires WAk CPoler 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-
multiplexer 110 which alternatively outputs the symbols onto to different
20 processing paths. The first output of de-multiplexer 110 is provided to
spreading element 112a and the next output of de-multiplexer 110 is
provided to spreader 112b, and so on. Spreaders 112 spread the de-
multiplexed symbols in accordance with an orthogonal spreading function
Wocay:  Orthogonal spreading is well known in the art and a preferred
25 embodiment of spreaders 112 is disclosed in the aforementioned U.S. Patent
No. 5,103,459. The spread signals are provided to complex PN spreader 116.

In addition to the dedicated control channel, base station 2, in the
exemplary embodiment, transmits a pilot channel to allow remote station 4
to coherently demodulate the received F-DCCH. Pilot symbols, typically the

30  all ones sequence, are provided to spreading element 114. The pilot symbols
are spread in accordance with orthogonal spreading sequence W, which is
orthogonal to spreading sequence

Woca:
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orthogonal to spreadi ng sequence WccH W 00/79711 9 0 2 DEC 2003 g7 pEC 2003
‘ PMUSOON" s3 wbaogenead signals fromspreading elenents 112 a
.provided to conplex PN spreader 116. Conplex PN spreader 116 spreads the
signals fromspreaders 112 and 114 in a% cordance with two pseudonoi se (PN)
sequences PN1 and PNQ Conplex PN spreadi‘ng is well known in the art 5 and
Is described in detail in the cdma2000 candi date subm ssion, the |IS-2000

draft specificat If{'l] and t he aforenent i oned copending U S. Patent
Appl i cation Serl ePresgl wgpals fpm speeading lelaments 2endl 3¢ aae pmvxded

Bna 1itters PrOTRRaCEN e f16 CORBIBFEN SirebilP 86 SBRas ey e os ™"
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to FIG 3, f6ranees Phlcagdgibly eC@@pﬂ@@é’N/épreadu@mnvdl de@wndimtbe jated

t hrough pl LR Receiver .204 down-
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accordance th .a QDSK denodul ati on_format and out&8 t he”i n-phase and
quadr at ur e- \F%BEEC %aﬁ%niﬂo NomPBER5GA e ST Qean!m’lp 6 PNo r®c{ mignal is

despr eader %}@vgl&&p ith {?W gﬂgl accarl_%%g th the t ‘

pseudonoi se “‘sequences use 0 spr e ‘signa

conpl ex PN demplifies ancblfﬂias ahe spfe'ad @igdalsofoﬁltl-&ﬁsrﬁislsicﬁ{ 208y, hPlahQémf\é' ter
208 desp{(&?cﬁgt he. si g I.n accordance with the ort hogonal spreadl ng

sequence d“ﬂ‘if’rlslf'-al nBbthe gxemplagy iembpdigneny, | tsansmitten 1%

orovi ded to "‘323‘1%“%%?&,‘% Sitge! 5 gecllinan P CY I B RaRL B ° © °°

despread si gnal s TurrdngdodGca, famhrdﬂlhk mg&a&eleédaatﬂm@nﬁadmo\/ﬂnJhe
or oduct i r PYidah Eetsiieh dBpleves 802 to prostuse (RGN IR0 ecsivan dMRowRt o
channel . BeGanverR0hmpliffesPdndPlilters forward link signal 6. In accordance with the
15 exemplary embodiment, receiver 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 signal in accordance with the two
pseudonoise sequences used to spread the signal (PN;and PNy). |
20 The complex PN despread signals are provided to pilot filter 208.
Pilot filter 208 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.
The complex PN despread signals are also provided to demedulator
25 210. Demodulator 210 demodulates the PN despread signals in accordance
with the orthogonal spreading code Wy, The despread signals are then
provided to dot product circuit 210. Dot product circuit 210 computes the dot
product of the F-DCCH and the pilot channel. Because both the pilot

channel and dedicated control channel traverse the same propagation path

30 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

channel induced phase ambiguities removed. A preferred implementation




channel and dedi.cat ed control channel traverse the sane propagation Ugaﬁqt @%
they wll \%@8 ce the sane phase shifts. By conputing the dot produc

the pilot an channel s the result is a scalar set of MFPIRATSwith
the channel induced phase anbiguities renoved. A preferred inplenentation
WO 00/ 79711 10 O 2 DEC 2003 PCT/USOWL77AB3 of dot product circuit 216 is
described in detail in the aforenentioned U.S. Patent No. 5,506, 865. The
resul tant denodul ated synbols from dot product circuit 216 are provided to
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of locally rENLAACHeS ed on _the decgded ,bits. The
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and conpar 4% FéRse framgoram bedetected. aA finsteishtn detariminiee
signal to NnEhsS@et fé Pvd -r I Egg a | s decl.ared.
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frame, 3By bthadkiwithithy deeodedhCRYEHItsi 1Ahsedondeia\tb RoniPates dap syRBob kridie
“present invregti gh A net hed anlgl a%))?ratus for detecting enpty franes is

di scl osed it %BE RiiTREEIVeS syPablst Dy spmparing rthecFeceived enagdedssymbels

fi1ed Sept awhia &t of Adllyqtinerdid ref BRI TRE s ST :

DETECTI ON SYSTEM AND l\/ETﬁ%",e whi crh 'S g‘sim gnedlsto ghg@-sgi%ggégilﬁshe

present inventi diheardemodulatest sayanbols f2fnr dberproducheciecwit 216 are also

- provided to empty frame detector 220. In the exemplary embodiment,

15 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 be employed without leaving the scope

20 of the present invention. A method and apparatus for detecting empty

frames is disclosed in copending U.S. Patent Application Serial No.

09/150,493, filed September 9, 1998, entitled “ENERGY BASED

COMMUNICATION RATE DETECTION SYSTEM AND METHOD”, which

is assigned to the assignee of the present invention and incorporated by
25 reference herein.

The 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 thereto. The loss of this power control

30 command stream results in an inability to control the power of reverse link

signal 8 and the potential for jamming the reverse link.




| The data frames that are not enpty are provided to DCCH contr ol Pr OGEEBOf 200
222, whi chvwsxer’aoits t he punctured power control comrands anpcresudssa |
'signhal to transmtter 232 adjusting the transm ssion energy of reverse |

link signal 8 in response thereto. The | q$s of this power control 30

command streamresults in an inability to control the power of reverse |ink
signal 8 and the potential for jamm ng the reverse |ink. WO OOn9ni 11

PCrl1 USOd 17753 D 2003 In a fir enbodi ment of .t he pr i nvention,
the Doon control it Exscempostitins OF s Tapsernlainuntion thin deCbuernoel or
det ect or 22(prob@ison 202 aé@ivEs BhtindicARRY frdﬁdd&fod%?mworw&e@tey&h@&ﬁ?tl(ﬂ'r fl) !

224 and ( 2) 226 are initialized to zero at the beginning of a ca
t he recei vedrimgrip eithen googlo badfaraempty.hdiwe connders2 (INTY) 284 einct (CCXNERY and

ram.  thon ZoEabTaBRFao 28fa flTus braiing B0l LablFesduel o bty

If the f rarm%do&i fieplentiath EWhtér 22098 ryclt Y6 Zefd aRQWHRIEr 236 iffithrégnt&d®i N :
unchanged. 1T the value of counter 224 reaches a threshold THL then

control prod¥ers Iotheszepeived faamiegisadeclarad arbad frasne,28®nd center 234 tisie
transmtter . p ' t.urne ff). reafter,. if the value of
counter 226 ég%&%gég%rgﬁ?émégmﬁéﬁ%ﬁﬁgﬁ? 5?%855155@??? ends
a signal to theanealues &f chilthters 224alid 206 trethdihansehhhged. | If theevaReood
exenpl ary enbodi nent, base station 2 transmits a_ 15 frame, referred to

herein as a QWp&RnI2gepches,adhresheld THL thesnBGGRIcgantrol processpsr222isends

data fra t '}ﬁ:msrrﬁﬁféro t .Llme: | red
enbodi me%, f %ﬂsagg‘grw sory r?n%%%%%r%%&%ﬁbﬁ Qu%oﬁlﬁhﬁg%ghe
mobi | e st at i tonexdh dff).s Theseufter, ifotheatalukeod awaster @P6areacheés & hteshbRb TBEXN

negoti at ed bet we se station 2 and nobile station 4. 20 Referring to
FIG 2, ti m&%S&ﬁgc@?@; m%%%seﬁd%tssﬂgm% sigpaktot HansmitieT, 28¢ ofe- of

t he intervaleﬁ@,ﬁﬂg theStr@hgthidtr control processor 132. Control processor
132 determ nes whether there 1s a nessage for transm ssion and if not

provi des a si gnallnt thersecond eprmplargr efrf@dimeyen chaseestationp@r transmits a
frane. Tlig S ervi oLy frane is transmtted %r_] t he F- channel as. .
e, rérerred to herein as a supervisory trame, every N-second interval, if

there is no data frame to be transmitted on the F-DCCH at that time. In the

preferred embodiment, 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 mobile station 4.

20 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 provides a signal to message generator 100 to generate a supervisory
frame. The supervisory frame is transmitted on the F-DCCH channel as

25 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 defined in IS-95, with potentially
different value for various thresholds. Mobile station 4 may also include -

other non-empty frames received for supervision purpose in addition to

30 these periodic frames.

In the third exemplary embodiment, base station 2 transmits a frame,

referred to herein as a supervisory frame, whenever the number of




25 described with respect to other DCCH nessages previously. Mobil € BDER 100h
4 then pewiogoR®yir- DCCH supervi sion on non-enpty franes trm;qsh&msjat

such preset tine in a way simlar to that defined in |IS-95

potentially different value for various_thresholds. Mbile station 4 may
al so include other non-enpty franes recéfved for supervi si on purpose in
addition to 30 these periodic franmes. In the third exenplary enbodi nent,
base station 2 transmts a frame, referred to herein as a supervisory
frame, when&9BFEqHienyRBMY offramesorxateds? 0 threstold003 InPctiveUs peeférredd

The. super vi Sorso et Bie SUEREARG bt dorisins, Privdahed bitsdommiipane
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negoti at ed between base station 2 and nobile station %eRté}%Srﬁ?sng;eteg FI G

2, control pPesetated,batyeen basesstatien Ruansbmabile sctidm!e&utlve enpty frames in
accor dan wth f {° ssa ner at or n the nunpber o
consecut %e enptye?élg*r%?a% excﬁé us~ %%"u‘?lﬁrpetgﬁ%ﬁsﬂr\lll%gu@?cgﬁéﬁ oomebey o

processor seofisequtibegn@inpty frASS dn H¢BSFANSe’ WifH aé‘ignBB S at or
100 to generate the supeFWsory 10 frame. The supervi Sory frarnegl?isf:Jg

t ransmi t t ed 86ReTater HGoHhen sthiecnumbergefsennsecative emptySpanes texcesdscthe
F- DCCH messgg&SholPihfiedt ah.ll aro{‘gspt Rg?ecniei%rmﬁg{}d?n |§E§? |SLon on al |

non-enpty frarres In a way

pot ent i al I y supéfusenyt fra:haetd miessage Gimetdtoe SIY &5 ge h&a&@&h&ogﬁé&ﬁé&gpl ary
enbodi nobi | statlon 4 tr&gsmts a 15 nmessage that requites re

from ba smﬁm fsblrpe&'éﬁﬁf amﬁelsr@Wtféﬁd ﬁlp& channel as
2%22&629?%2%%%% Ref e ng to@{?FC ﬁgﬂg%ton pr o gbg& isigggtgct Ves
an i ndi cat i perfesmshEIMeCH sapervisioa cmnallyndxi-em efifipings fif alrayteinglal Ofo 220.
fram and | SHCABSHh R 1t pfens d&aéﬁé‘r%ﬁﬁ&aﬁieﬁa&?&%@&ﬁ'&&ﬂé
count of conseculh\heeiiirth | &x@R51aty GAOSAALAY SROBNE station 4 transmits a
' 15 message that requires reply from base station 2 (for example, the reply can
simply be an acknowledgement) when the number of consecutive empty
frames detected exceeds a threshold. 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
20 consecutive empty frame and is reset when a bad frame or good frame are
detected. When the count of consecutive empty frames exceeds a threshold,
control processor 222 sends a signal to message generator (MSG GEN) 228,
which in response generates a request message. The request message is
encoded in encoder 228, modulated in modulator 230, and up-converted,
25 amplified and filtered onto a predetermined channel of reverse link signal
8. The request message can be any existing message that is already defined in
the standard, which does not cause any base station action besides sending
an acknowledgement. For example, the Power Measurement Report
Message. The request message can also be a special message that causes the
30 base station 2 to transmit a supervisory frame on the F-DCCH.

Turning to FIG. 2, the request message is received on antenna 8 and

provided to receiver 124 which down-converts, amplifies and filters reverse




control processor 222 sends a signal to nmessage generator (MSG GEN) [ﬁfﬁ{t 2003
L)
25

which in regg enerates a request nessage. The request pessage. |
.encoded in en?glzgrngZ& nodul at ed i n nodul at or 230, and up- M

anplified and filtered onto a predeterm ned channel of reverse |ink signal
8. The request nessage can be any existi A message that is already defined
in the standard, which does not cause any base station action besides
sending an acknow edgenent. For exanple, the Power Measurenment Report
Message. Thdimeqeignal n8sande pravidess chdereteivedcisignale s6 ademiddatlamUses. t he

30 base st atgdon otr Lt a,supervjsory franme on the F-DCCH. Turning to
FIG 2, the W@amsﬁégﬁ@oﬁi'é ¢ dhe o$iBnak andadecadey 128 olecosiest the
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to contro _pqeoﬁ'&g'r‘tte&ﬁ?'.‘ Tr'{"}z? é@é &nd. gnpot sends, acsighal Tequesting thabs | f
a message | smeudidedhehrdiop 200 RS [Liellagh 16 AN & A'RIRACA. 2

signal requesting that messade generator generate a nessage fOF
transni ssi orinothe e¥empbayHemblodiment c tienpiessages gletatach by generatoss 0® is

generated by.. rat or ;100 .i si_npl n acknow ement of the recei pt of
the request Sr’%ﬁ’@ig? fﬁf&m’%@%@ega@/ﬁ ﬁ'}? Feceiry ?ﬁ%’%é’eﬂ}lﬁthn@?ﬁ?&a& m
enbodi ment, mobiléetstiddi gon 4 transmits a nessage that requires a reply
frombase station 2 when the nunber of enpty franmes detected within a

predet er ¥ ned nuniBethefifth cexermplary sembodimentismobilehstasionl @ teysmitess as

to whet her t t ] . Referring ta FIG 3,

Cont ol o oeaEsER Yol FalRes SRS At Sirtion £ When T rirabés, o Empty o

enpty from dephes detrtted eFiticinog Fi&@et tefrAHdE huddser &f RekivelhBamiEEetceels
at or

enpty frames in Vi ng accumu fashion. Wen the count of enpty

frames in a %Flé@ghg&ﬁfﬁwaﬁﬁﬁbﬁ tewhether (he emtphinFames caredeonsechtivehor d,

control proggss ORef%lzﬁngeﬂ)dFI@ i'&ﬂ@ol’ﬁt%c%ﬁ? 385 receives an indication as to
15 whether a frame is empty from empty frame detector 220. Counter 224

tracks the number of empty frames in a moving accumulator fashion.

When the count of empty frames in a predetermined number of received
frames exceeds a threshold, control processor 222 sends a signal to message
generator (MSG GEN) 228, which in response generates a request message.
20 The request message is encoded in encoder 228, modulated in modulator
230, and up-converted, amplified and filtered onto a predetermined channel

of reverse link signal 8.
Turning to FIG. 2, the request message is received on antenna 8 and
provided to receiver 124 which down-converts, amplifies and filters reverse
25 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
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
30 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.




generator (MSG GEN) 228, which in response generates a request message. 20
The request nessage i s encoded in encoder 228, nodul ated in nodul at or( 2 RBD7003
and up- con¥R N anplified and filtered onto a predeterni neckosnneds  of
reverse link signal 8. Turning to FIG 2, the request nessage is received

on antenna 8 and provided to receiver ]1 4 whi ch down-converts, anplifies
and filters reverse 25 link signal 8 and provides the received signal to
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definition of f.rane frame, simlar to that specified in IS 95
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pi | ot synbo |s corrput ed in Ec/l o ca at or €t he
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pilot 15 Ec/lg is provided to control processor 222 ch” conpar es
aggregat e Stations currently communicating w:th mobile station 4. The aggregate pllot
15 Ec/lo is provided to control processor 222, which compares the aggregate
Ec/lo to a threshold value. If the aggregate Ec/To 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-empty, is a good frame or a bad frame without decoding the frame.
20 Based on these counts, mobile station 4 will enable or disable transmitter 232
as described previously. |
The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily aplaarent to
25 those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

WE CLAIM:



Ec/l1o to a threshold value. If the aggregate Ec/l1o exceeds a threshold a
good frame is declared and if the aggregate Echo is less than the (7DtC 2003
threshold a bad frame is declared. This allows nobile station 4 to infer a
received frame, if non-enpty, is a go frame or a bad franme w thout
decoding the franme. 20 Based on these counts, nobile station 4 will enable
or disable transmtter 232 as descrEbed reviously. The previous

description of the preferred enbodi s provided to enable any person
skilled in the art to make or use the present invention. The various
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with the principles and novel features disclosed herein. 30 WE CLAIM 0 2
DEC 2003 £$o@wqu§;trgnsrmsmmdemd supervi sing a channel transnmitted in a
di sconti nuous nsSm.ssi on de conprising: determining if a frame is
enpty, wherei nsteégflgafgﬁéeﬁgls?qqf fhsmitted in a discontinuous transnission
node; and sending a supervisory frame. 2. A nethod as in claiml, further
conprising: sending a supervisory frame, wherein the supervisory frame
cont ai ns gr ed&md%ilﬁﬁlamdnﬁﬂééf%?%ﬂmngé station and is transnitted at a

| owest data r . t J}.@ﬁr' e j S .at | a
nobi | e stati oﬁsfeﬁ%‘lw%hse mtﬁg%gﬁéb?%%nﬁ%vﬁ%}ﬁ%% Erggmzeeﬁo&ﬁgé la%geﬁﬂa%
super vi sobits kmoeme tcc anpobikeestationt aad devittahsmiged e asiopesty dsia rrytef tharrhad beéena

di scont i nuous ttﬁlgnsm ss'hon if.there i no data frane to be transmtted on

a channel €8aUateq, betiyeen, a hase station and agmopile siahipher  conpri si ng: sending a

supervi sory frame when a nunber of consecutive enpty franes exceeds

3 The method of claim 1, wherein the sending the supervisory frame comprises:
transmitting the supervisory frame for a discontinuous transmission if there is no data
frame to be transmitted on a channel.

4. The method as in claim 1, further comprising:
|
sending a supervisory frame when a number of consecutive empty frames exceeds :
a threshold. I

5. The method as in claim 1, further comprising:

detecting a number of consecutive empty frames for transmission on the channel;

and

transmitting a supervisory frame when the number of consecutive empty frames
exceeds a threshold.
6. The method as in claim 1, further comprising

receiving at a remote station a first data frame; and
determining a status of the first data frame, comprising:
if the first data frame is a bad frame, incrementing a first counter; and
if the first data frame is a good frame, incrementing a second counter; and

determining a status of the first counter, comprising:



a threshold. 5. The nethod as in claim1, further conprising: dete@?iDb§ 2603
nunber of consecutive enpty franmes for transm ssion on the channel; and
transmtting a supervisory frane when the nunber of consecutive enpty
frames exceeds a threshold. 6. The nethod as in claim1, further
conprising receiving at a renote station a first data frane; and
determning a status of the first data frame, conprising: if the first data
frane is a bad frankthe firsteomnter pxegeds 4 first threshale disablingdransmissionirom thedat a

frame is a goo%n{oré ioni ncrenmenting a second counter; and determ ning a
status of the tirst counter, conprising: 02 DEC 2003 16 if the first
counter exceeds a first threshold, disabling transmssion fromthe renpte
station. 7. The nethod as in claim®6, further conprising: determning a
status of 7t he The@ethgd as ndymb,duiharcpmprisivgpri sing: if the second counter

exceeds a firs . I ' | SSi .;fhe renote station.
8. The met hod %egéﬁﬁgpgis%ﬂg%eﬁ%?#{%gm @?Pﬁg&b%@@51%€ set to zero on
recei pt of a good iftlencond ddumtereikbads adirstnthedshold) éhablifie trensmikdien fremond
counter is set to zero qn receipt of a bad frane. 10. The nethod as in
claim1, furthQF /BAEStaEPRg: detecting a condition where there are no data
frames received on the channel during a specified tine period; receiving
periodi c supervisory frames while the condition exists; and supervising

t he chann®l i nThesptedastio cldm §evherelh she fipst counter ig skt tnzeso of Treceipteofreet hod
as in claim further conprising: receiving a nessage froma renote
station, (51 eSage I ndi cating that a nunber of consecutive enpty franes
exceeds a threshold; and transmtting a response to the nessage.

9. The method as in claim 8, wherein the second counter is set to zero on receipt of a
bad frame.

10.  The method as in claim 1, further comprising:

detecting a condition where there are no data frames received on the channel
during a specified time period;

receiving periodic supervisory frames -while the condition exists; and supervising

the channel in response to the periodic supervisory frames.

11.  The method as in claim 1, further comprising:
receiving a message from a remote station, the message indicating that a number of
consecutive empty frames exceeds a threshold; and

transmitting a response to the message.

12, The method as in claim 1 further, comprising:
detecting a number of consecutive empty frames on the channel; and
transmitting a message when a number of consecutive empty frames exceeds a

threshold, the message requiring a reply from a base station.

13,  The method as in claim 1, further comprising
detecting a number of empty frames received on the channel during a first interval;

and



o

12. The nethod as in claim1l further, conprising: detecting a nunberoff E203
consecutive enpty frames on the channel and transmtting a nessage when
nunber of consecutive enpty franes exceeds a t hreshol d, the nessage
requiring a reply froma base station.;13. The nethod as in claiml,

further conprising detecting a nunber o enpty frames received on the
channel during a first interval; and 2 DEC 2003 17 transnmitfing a nessage

when the nunberangmitipg aymessageaehes the ngmbﬁreoffqmpﬁ frames dypgng thedirskinderyal
th h I t 14. Th
rre{ ﬁzdoof CFQE %Weriﬁ#sﬁg&ﬂgr{@%r@l&n acEnOV\A Eelt;jlnelngn 15. Theerret hod

of claim14, wherein the transmtted nmessage causes a base station to
transm t rvis rame_on the channel. 16. The method as in claim1,
further cﬁ%p n@ﬁf@ﬁ&éeéﬁmy A/heEin hraeply dhamackoppledeensati on, the nessage
i ndi cating a nunber of enpty frames within a first interval exceeds a
threshold; and transmtting a response to the nessage 17. A base station,
conpri si ntf. a Thempethodhaf clramdd, wherem the trangmisied nwessaga cawles prbaseststoon woupl ed

to the tiner, .the contro roc sor en it receives the timng signal
det er m nega%ﬁéttansélpmivffg% e&“ﬁ?s@'ﬁﬂgif or transmssion and if not sends a

signal indicating such; a nessage generator coupled to the control
processor, the message generator generates a supervisory frame when it
recei ves lhe sﬂ@mtthoc!mdmaplmmahmthqr@pmumpged to the nessage generator,

cl'ai m 17, ur (RESV R pPIeRPRG ou FaEmboReyam R BAet ABIPRLE SABRPF o€ and

filters aempy®faifes Within & figialterval ckesmid al thfeliold;inll ed to the receiver, the
denodul at or denodul ates the reverse |ink signal thereby producing

denodul at ed sy{BEMittipg agesponsedo s messaghge; a decoder coupled to the
denodul at or decodes the denodul ated synbols; and a nessage generator
generates a nessage for transm ssion when it receives the

17. A base station, comprising:

a timer that sends a timing signal;

a control processor coupled to the timer, the control processor when it receives the
timing signal determines whether there is a message for transmission and if not sends a
signal indicating such;

a message generator coupled to the control processor, the message generator
generates a supervisory frame when it receives the signal; and

a transmitter coupled to the message generator, the transmitter transmits the

supervisory frame.

18. A base station as in claim 17, further comprising:

a receiver that down-converts, amplifies and filters a reverse link signal;

a demodulator coupled to the receiver, the demodulator demodulates the reverse
link signal thereby producing demodulated symbols of the request message;

a decoder coupled to the demodulator decodes the demodulated symbols; and

a message generator generates a message for transmission when it receives the
request signal, the message being an acknowledgment of the receipt of the request
message,
wherein the control processor is coupled to the decoder, the control processor determines

if a message is queued to be transmitted on a channel and if not, sends a request signal.




|

request signal, the nessage bei ng an acknow edgnent of the receipt of t,he2
request nessage, wherein the control processor is coupled to the d8ddér ,[m
the control processor determnes if a nessage is queued to be transmtted
on a channel and if not, sends a reques$g signal. 02 DEC 2003 18 19. The
base station as in claim217, further wherein the control processor is
adapted for receiving a nessage froma renote station, the nessage

i ndicating that a nunber of consecutive enpty frames exceeds a threshol d.
20. The bHse sThethasestbtion asiniciaiml 1] forthér whereinhthe comimb preiessgr & adepted far
adapted to receive a rrezé%qe froma renote station, .the nessage 'ndifcati ng

a nunber GPETERE3 Message JSTofft 1t remote rtatiop, the megsaee dndisatme that praupbref 21 A

remot e st @nkQitivé QAP Bl exdeds HRirYsHolfMe detector that detects when a
franme is enpty and sénds a signal indicating such; a counter that counts a

nunber of consecutive enpty franes; a control processor coupled to the
enpty fr def.ect or _and Lhe coynte t he contr.ol processor resets the
counter \?\%Egn a e;b(fs? thﬁ%nf%aﬁ&%@f%ﬁ”zﬁﬁ%‘%@ﬁlpgﬂagod frame is detected,
and when a nurdbescebler AABIRE Ubi 1¢Ceifd R Whebiag@dBforR X& @@HlSteasthtidrg SO | Hesshde
control processor sends a signal indicating such; a nessage generator

coupl ed tBdica@ngappbar of eppbsynes wWitkin adystgteripd axsesdor threphalds at i ng a
nmessage requiring a reply froma base station when it receives the signal;
and a transmitter for transmtting the nmessage. 22. The renote station of
cl ai m 21, 2K.ur t Aeemotersmtion) cognmaisingc/ | 0 cal cul ator that conputes an
aggregated Active Set_.pilot Echo by, adding a pilot. signal qQf a,forward |ink
signal wi th EcH gmbt e deterior dhal defests Whenop tramesis <unlYiagflcsends A8k i ve
Set of a mERbgy swehation. 23. The renote station as in claim22, further
conprising: a recelver for receiving data frames; a first counter for
counti ng recei ¥eahntesdhat cawits a namber of consegnidvecarpty éranfesr counti ng recei ved

dount er o or bR rdEesS i boed S HES BRpuE e dedclor, B Y Fhufll’ 720
frame, orcorobpiicyssdr REEs thheufich whee a bad frame is detected and when a good frame
is detected, and when a number of consecutive empty frames exceeds a threshold, the
control processor sends a signal indicating such;
a message generator coupled to the control processor, the message generator
generating a message requiring a reply from a base station when it receives the signal; and

a transmitter for transmitting the message.

22.  The remote station of claim 21, further comprising an Ec/lo calculator that
computes an aggregated Active Set pilot Ec/lo by adding a pilot signal of a forward link
signal with Ec/lo values of pilots from other; base stations in an Active Set of a mobile
station,

23.  The remote station as in claim 22, further comprising:
a receiver for receiving data frames;
a first counter for counting received bad frames; and
a second counter for counting received good frames;

wherein the control processor coupled to the first and second counters, or determining

whether a received frame is a good frame, a bad frame, or an empty frame, wherein the




02 DEC 2003 19 control processor disables the transmtter when the fipgtDEE 2003
counter exceeds a predeternined threshold. 24. The renpte station as in
claim 23, wherein the control processor is further operative to enable the
transmtter when the second counter expeeds a second threshold. 25. The
renote station as in claim?24, wherein the first counter is set to zero on

{he. secorty oL ARERst @Rjes e RNbET TG, Beieke by chocpds Breeniftc!

renot e stthtasholdof claim 24 further conprising a fade timer for detecting
signal fade. 28. The renote station as in claim21, wherein the control
processor is operative to: detect a condition where there are no data

frames egel verheOnddle SARANE i Udifi023, whBRAY the GohtrdP pRIELBEis IfRfid:Y ©
periodi ¢ supervisory framnes ile the condition exists; an supervi se the
channel ioperativp tmembteathe trengmaitteoslhen theipeeoud sounterf axaems az8condlibrestmidt e
station as in claim?2l, wherein the control processor is adapted for
detecting a nunber of enpty frames received on the channel during a first

i nterval ;28nd THgembR WafidnlRlin thitd3PhEdeinQhe Fifst sk 86t t8 zBRSHAgEeipheN
t he nunber of enpty franmes exceeds a threshold, the nessage requiring a

reply frovhagaeddemme: ation. 30. A signal transmitted on a carrier wave for
supervising a channel in a system supporting a discontinuous transni ssion
node, the signal conmprising a plurality of frames during a specified tine

period, th& plThedeniofe efatibh ases clagh S, whekdy tid svead catflerdls se€ s kerdsm
supervi sory framne.
receipt of a bad frame.

21.  The remote station of claim 24 further comprising a fade timer for detecting signal
fade.

28.  The remote station as in claim 21, wherein the control processor is operative to:
detect a condition where there are no data frames received on the channel during a
specified time period;
receive periodic supervisory frames while the condition exists; and

supervise the channel in response to the periodic supervisory frames

29. The remote station as in claim 21, wherein

the control processor is adapted for detecting a number of empty frames received
on the channel during a first interval; and

the transmitter is adapted for transmitting a message when the number of empty |
frames exceeds a threshold, the message requiring a reply from a base station. |

30. A signal transmitted on a carrier wave for supervising a channel in a system
supporting a discontinuous transmission mode, the signal comprising

a plurality of frames during a specified time period, the plurality of frames being
empty frames; and

at least one supervisory frame,






