];e3eE,UEPPQ‘4RFS~T6TTU"i 202 ~tC 20~? . 1 METHOD AND APPARATUS FOR 0
SUPERVI S ggago;ﬁgz | ALLY GATED SIGNAL | N A W RELESS COVMUNI CATI oN SY&PEMY
| NV

' BACKGROUN Nmmmﬂmwulwmumtj of the Invention The pPEe1TBenti on
relates to comunicatio icularly, 10 the present invention

relates to a novel and inproved* net hod antl apparatus for supervising the
performance of a potentially gated channel. 11. Description of the Related
Art- 15 The tel ecommuni cations Industry Association devel oped a standard for

code division mul ME’H’I@D%‘Q\TM’PP {%’? %’ he Interim
Standard | S-95A, e Iyl It

St andard for Dual - Rggfm%‘gﬁ@ ﬁ mﬁé (hgreaf ter
1S-95). In |S95 systens, ‘@MMWC&&T&Q%&YSTEMe 20 energy of its

transm ssions by neans of a conbination of open | oop and cl osed | oop power

control thods. In ope g | l,on neasures the
recei vedn%nergy of the Poé%%ﬁpggEQ??mmk? ase station and
adj usts the_e its reverse link transmi ssion in accordance with this
measur ement I ‘ﬁ‘gpf)élé%l Ingepti BBWer control, the 25 serving base station
measures the energy of transm ssions fromthe nobil e station and sends a
series of up/ dowgy n surenent..to t nobi |.e station
which adjusts its t%r%nﬁig%qoﬁ Fetelstﬁgﬁge%m‘?t %t%teﬁvm’flﬁat
enpl oys e thonpiesent Liewehtion ofelatessed h0aeveln thrtDeinpRR/RAP Wiho aorHr{cp' is
described in detail .in U S. Patent 30 No. 5,056,109, entitled "MeETHOD AND
APPARATUS FERPEHIHRET siesTiiging\ihepeniomummre oha patemiallygatadashaxosl. LE
TELEPHONE SYSTEM', which is assigned to the assignee of the present

i nvention and i ncor porated by reference herein. wo oon97i i 2 02 DEC
2003 PCT/ USGh/Dieséfiption dfIheRNelated i | e station is required to nonitor the
Forward Traffic Channel performance during a call. When the mobile station

recei ves,t wel ve &yzm consecutjve bad franes, the nobile station is

requir ed? o disa telecommunications skdussry Atssmlahonodey@lnped@ standaxbk
k. Ther eqdy gide fvidforSndTtilbCatell (COMAS ShRRRNEANR" o aausEopt ve
e no

good frames, it shoul reenabeltstr nsmt
mRi nt ai ns aftedian t | Standafﬂe fISdQSAJ meentited | rSMczhihbl eStatibriBasbe Bﬂhidre

For five (o RaaHbE SRy Clorioyal Reckts Widebdnd: shsagnsecramCetller ~
recei ved onSybent™o(veesftdf 36195y. TRAITOIE 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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10 I1f'the fade tinmer expires, the nohile station disables its transmgf&el 2003 -
and decl are® @rioons of the Forward Traffic Channel and ter %ﬁ@ly;}g call.

The International Tel ecomruni cations Union recently requeste

submi ssi on of proposed nethods for proviging high rate data and highquality
speech services over w reless conmuni caton channels. A first of 15 these
proposal s was i ssued by the Tel econmuni cati ons | ndust ry Associ ati on,
entitled "The Cdﬁ%gg« TU-R T Candi date Subm ssion" (hereafter
cdma2000). In cd lgi sfafiem issregrinedetonmonitod theaFdrwar@nBratéic i n

| S-95 are t I and,the Forward Dedi cat ed
Cont r ol Chair;{ﬁl(ealll;ﬁ;l %@Qﬁj@?%ﬁ ggﬁ: %%C:t}?gnmqbé St Jecetyetnel s
can be eit ht—WeEz@ I(TNz,pr F consecuitived Wadll f@mnest-othe. nfobtleH statidn qgeregﬁgrre f tﬁ ms)
i's transmtéed n.every 20 ms interval allgned to the beginnin

System Ti ne ifs B@ﬁimttﬁ’é s@ thakiti will sat jam the mvmmlmkuonserea&eh ifhat

h d 20 |, al d
the COMA SS‘EIeeﬁf" PRtG0R LTS Wy el el shol pPissaltcl Iigc&%a\) °

modul ati on emﬁienmuesnsmltmﬂe 'Dlie aeMisiled btattidanals 8 YR SinftRins f A¢ddd idldrNIThe
conmuni cat i |n which a I nunber of Séstem users are present. &

mul tiple acASERERR F%ta&rl yehesnthe udtation ertables it$ mandmlttercm

rknrjlloI[/\Lp: ﬁ ? ﬁ%ﬁg%eéﬂm%_‘om’h\%ilf ﬁ(s:%r%gg spe&ﬁ%ﬂhﬁ%ﬁ?’é‘% Bﬂ‘?lbeé’ﬁﬁ i 8 of

CDVA has si @ﬁsnﬁlcoasﬂcmeagommmusaard feesivedusiu tied FoPwhRT TRiféechhfhel.
mul ti plg a?ge@g €0 ni cati on systens. the use of CDMA techniques in a

mul ti pl TE expingss the b statien rdisahles 45 tramemitter candon

VLTI PLE ACKESS oM AT O ST 0 REenel e b B ey > T

REPEATERS', assi Jhedntérnabdnas STdo&smpludibiidiL 650 n'ﬂaxsrﬂi)Irggque%Iedmh h the

di scl osure thereof is 5 |ncorporated by reference herern use o
t echni ques SUPTAIsHAN i9f| propesed smethadsnfaraprovidays thighi mté uddtheandlikighesed

in US. Pat entitled "SYSTEM AND, NETHOD FOR GE NG
SI GNAL \/\Av%ﬁéﬂ}%%@ﬂégiﬂf’ﬁfml f&t&ﬁﬁﬁﬁ%@m lﬂ%ﬁlﬁned\ EES'E 1o
assi gnet5 ofthiebe prepesdlsi nwast i8suedf bv'hliﬁl% t*ﬂ@le@bﬁﬁh&ﬁi&%ﬁoﬁg t S&Irg' S
i ncor por ate r ef erence her ei n. its inherent nature o el n

wi deband sNgﬁsA%lacﬂqrér enfitled, mbe ‘Ifdléq%@%mrl?/eli'ﬁt Gandidape caubimission”

| f | di
ot Poct s ol BX b Ot GO0l A B a0 B cofvaleh s B SRtwag T "
di velr sity i hlalbmdl medB-I?ﬁ zp:eothellliFogwm:d tHr\]mIdeni@tsl @Ilﬁdnr&@t(fstﬁ‘l')%ﬁPthe
si nul t aneo in rQm ser. thr Qr nore cell-sites
Fur t her nor (Laﬁo aﬂrﬁ dlif)sg’rcgﬁ?t‘gogé’ﬁﬁﬂ o@f‘ @‘yﬁg 0| t i hge t reatanf r@fﬁeﬁﬁh
envi ronmanttrﬁxliﬁrﬁitw%i éﬁrtﬁége %Hﬁﬁhél'sl@aﬂrw&ﬂ%él‘”‘ﬂ%ms 8t 50mk gga&c‘ll%pr 1t For,

arriving with di fferent ropagati on delays to be receive
separ at el y F-E&din Famg (2hon5dns)eissransmittediihlevety 20 ens intetrdd. aligndbttont

Mﬁ%%ﬁ%%%@%%ﬁ RS SYFEMDCGH, the) feangmissionno,
5, 109, 390 Te I
SSTEM', bgih %éa S Onod 16 he Soranes ol R T S e

i ncor por at é8 »yY 8s é‘?f@ﬁ%%l ?21551#39 &o the CIDMACSYIStalm 'Eane on systemthat

provi degs data u 3Ryl ver g%n or iQn _can
be obtai ned by t E i ng the Cr oSS °§I’%°’ uct %g‘f%ﬂ% agltl%?lof‘he
QPSK  si gnalteclByiges\is mmet be Séeél&ﬂlféehﬂiq&%%fo@ffa&ﬂi&aﬁr\{g) cbAiRAffAtoNsOqa can
det erm ne rog&ig the 30 vel OCIt of the nobile station in relation to the

base stati o¥ Jarss H[‘-ﬁrﬁhe’bfo asy@ﬁqrgl}pqerq are paesanti nPHert maltpls aicpessduct

of the | aRdnhGRTRAISH %ﬂ@l ication temis

di sclosed in U S Fat ot %ant K%H%dg%o%p\?%?%gls I?‘Hﬁéf?or?w%s? 4

5, 506, 865, (mMW)Md PteqienCARRVERoRGhultiisleUscesd BDIMR), arasin@Radid Ghlehe

assign o%é_i resent 1 nvention, the disclosure of which is incorporated

by ref ‘;foen hgﬁgwﬁver, 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




Ther e’ has been an i ncreasi ng demand for w reless comrunications 5 sg?pgmm
to be able‘ﬁ&o&iﬁﬁsm’t digital information at high rates. One net hod
.sending high rate digital data froma renmpte station to a cBRFUS/TZEe
station is to allowthe renote station to send the data using spread
spectrum techni ques of CDVA. One nethod that is proposed is to allow the
renote station to transmt its information using a small set of orthogonal
channels, 10 this nmethod is described in detail in copending U S. Patent

No. 08/886, commeamticatien Sydté BATRCIGAIE iﬁDMS.V\PﬂEhESﬁoCQ%'@ Tdr{tied
SYSTEM', assj*%ﬁo'k@&w%nee of the present invention and incor porated
by reference S YSULBIPLE A GESS (OMMUNICATIGNE $ESTEM when
F- DCCH 15 i qyd hi ' IO f 1,§ S de hecayse the
nmobi | e st at %%mn%st%l%vﬁgem d@ﬂm@w&gﬁ]@ceﬁgggg +i 85318586d t9r , a
bad frame, assigneenpf ythier greset. nvenfior!, r dFSWhe&H Ofhe. JSSANARYE qgg;r s

an

| NVENTI O} 20 The Er@ggq}ty I nventi OR IS a novel and inproved netho
appar at us’ f SPCURREREs B Tefepcenpemeiny JheedsehahirleDMA teclimigliessin a

communi cat i @RuR¥IEERe ' : od..d.5an extension. of the d used
in 1S95 wth gigﬂerrptce@?g%{e&slﬁé}%g 5 i ér%?‘e%, tﬁl?er\mdﬁ‘?kff@fiem iqg' atent
di fferent tBN@sHel03:459Thentitidsd | S YSTRMomAND nMETISOD CROR! GCENERANIREYL i ve

bad f , , t f ti df . COUNT2.
ConT! “and SHONPOL NEYERRME By & CORERICHLLUT AR S N E mord B,

| _ B 19 e! el Rl A GELSIGIONE XS TR,
[rame, or an chaty 20 T et of b PLEER A% phtioh dr gt R dRfoseinm

i s resetl® otheneof imincoopmted dyi refereremberkihy 1. If the received frane is a
“bad frane, Cwmtb%g)crgrre ted by one d COUNT2.is reset to zero. |If the
- i heseas afre; '

received frame is Pevidehesd-siggal offers apfoym
frame, COUNGE freqeheRBivert Byu(};k@mg . f-gngl

val ue, TH, he%tm)bi e stattl?on | sabl g_sthilatsé trgﬁéﬁﬁ%}%ﬂg%gﬁ%‘rgiﬁﬁ
COUNT2 r eacA&€reforey Eeayency selaetiver frling rdfeatsbonly & satalloparteefetiad CBMA S

transmtter g ks t af,l te i fade tinmer. to X 5 seconds
whenever CClsJl r2ajg Pgﬂ g%gttﬁé r %ﬁ%o%fftgxqaﬁgésﬁ%; N I@ta NEI%PE%‘@%*B% e‘%‘é‘iﬁ[’éﬁ' y
enbodi et , sigel ipaths shaniginsimultawous 1nKsSHBAT ¥ihobile fdsafn%i_ira?%ﬂ Q@U&ﬂi ly
(for exanple, at e..beginnj ré% of every Nsecond interval aligned to the
begi nni ng ofﬂqrﬁec%gﬁb&e%y tzthermars, path divarsity gayp bankt ytexpleiting

transnittedden hh@upabeCRitirdd@bnt | Wrqd: PeLYLaqry frane is
transmtted at the gvvest deﬁ‘a rg;tl{e '?ﬁ%u#gs;%eegﬁ %héﬁ té’a%f‘éﬁb&k%enbbf he

base stati oallawing tresigmial laerivirg wdth differembpiopaghfioh lelayie o MY féteiFed

F- DCCH supeLyis on frames frapsmtied at such preset tines in a wa
simlar to %ﬁgt r%gﬁslggdsqpﬁ:?tgfyggﬁxwfﬂ%qufm% ‘g\‘I"P ity precHbpatrated oy U-ér
var i ous 20hr Patepit d$o. 3,161,60behaitled AMBTHODY AUBOSYSTENE IFesie Pﬁ(ﬁ%’ﬁg@? Aty
frames receééz:q,f ro.supervision purpose in addition to these periodic
frames. In thﬁl’:’m%l WymmﬁAmeM At SDMAt CEEHULAR
"supervi sor A 4 N n tJaKE ty,l eeds
2"t Pr eshol d_CorT SRONY RRSTEM  MRePUT. Maeht KRbariidcinl Sritiedt SRS T
a gi ven i nt BECEIVER dddA CEMA ﬁELhLM|T<ELEM©1\E§'SYS’?EM’*}%0&PES§?%R&& e
station has sqge non-enpty frames to perform supervision on every so often.
In the fourth ?e‘?ﬁﬂ%?%;p&‘fbgm Pafgent  yengian cangd dncerparateds iyt seferapesage
that re@si rrerdigply fromthe base station (for exanple, the reply can 25
sinmply be an acknow edgenent) when the nunber of consecutive enpty

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.



frames detected “exceeds a threshol d. Th| s ensures that the nobile gtz@bgtqm
W | receiys @nq:- enpty frame upon Wmch to performsupervision. In th
fifth exerrpF)ary enbodi nent, the nobile station transmts a ?@%&%Wﬁat
requires reply fromthe base station (for exanple, the reply can 30 sinply
be an acknow edgenent) when the nunber of enpty franes detected
(consecutive or not) in a given interval exceeds a threshold. This ensures
D 2 DEC 2003 ' WD 00/79711 PCTNS00/ 17753 6 that the nmobile station will get
a non- enpt y5,506865, entitled BILOTPARRIERODOT FREDUCP (ARCEIIT Nskied g4 N
exenpl ary epbodi nent; the nobile station uses the received pi'l of rength
(Ec/10) of P G838PRet RE tha | presept inventions ntle DdisdldGusepofviwhih i t he

aggr egat ed jfehs t / s above a preset threshold, the nobile
station consid \rbgatab S%fgfergg Heqﬁifn inthat frame, will be received

correctly --- tihesé dies, beengandntreaging AdiRani SR Wﬂ%hﬁ']@
consi der$ the frame,is ﬁe ad. A supervi SI on rul e \fmth t eb%ctrg\?gﬁﬁ‘ |n|r}s| on
r

of good 1 r &Ystemtaheab atﬁé}'a%ﬁmitlﬁglfab mﬂmmmmtfhlgh fated. SCife @regthblen be

%)Esglegﬂ V&fbé@fﬁ@%@%ﬁe %Q%rfgémoébfeéﬁ?{fl egar{:H’rth?aﬁBF éﬁg&%ﬂlobaﬁehe

present i nwéatiorois toi allowt Shbeemiote BRI ORP 8684 thé IdAR hgﬁ\gtdﬁﬁ?éhalcﬁggectrum

descriptio et, fort W n taken in conjunction w aw ngs in
whi ch P. keq? ﬂ\é?&;é’ @Y@t &fs metheds th aédﬁrf@@ﬁ@fﬂﬂ mgtqallhv\oubbmse}mmd
wher ei n: I a.w.rele
comuni cat |S(Il;Antsﬁnsf’/os%lgrr;ignﬁlf i lﬁmrg{%&s&{a I{c%% %ﬂglé%a Q&fée hang i?Jrn of

t he prel®ntthisnnethodris desatibedGn detadl in ldo?hdﬁh a4y, BmPQieﬂth/Nd %B/)}%é%g@t i on
of the pres = WO OOI 79711 PCT/ US00/ 177537
DETAI LED DREHeHT SR PAT A R EREC B0 WERE COMMUNICATION
~ SYSTEM”, assigned to the assignee of the present invention and
incorporated by reference herein.

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 novel and improved method and
apparatus for supervising a potentially gated channel in a wireless
communication system.
The first method is an extension of the method used in IS95 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, COUNT1 is reset to zero and
COUNT2 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



In FIG 1, "base station 2 transmits forward |ink signals 6 to nobil 8 29EC 2003
station 4. WOWBTI78l station 4 transnmits reverse |ink signals EBcrosiasss
~station 2. In the exenplary enbodinment, forward Iink signals 6 and reverse
link signals 8 are code division nultiplg access (CDVA) communications
signals as contenplated by the Tel ecomuni cations |Industry Association in
t he candi date subm ssion to the International Tel econmunications Un i o

n
10 (1 TU) enfit ) d TTU- di date Subm ssi op" ich
has been fu%lltl h"lgﬁﬂtyeﬁ}%e‘% ﬁg%* r Cﬁﬁ_@&&ﬁga?? BERL tpﬁ}gﬁ%
"Proposed Bedatleds 4 €ixdeshold «dims0PBPhNS imsbilka8Fion cmaﬂlegqté @raF'sf%ittEr. the
el ements necgessary for_the transm ssion of the F-DCCH on torwar I'n

signal 6 anthergaiter,deSiQENTH reashes s thieskold gredue,8 THR, ithei naller stationi n
greater detg] S tLlra . SSI on, the F- ar.e,generated_in
F- DCCH mss%%nagg%e?tg?t g?sm%%-fws %E’Kbo 150 Stapty ge §s‘£‘°gé§d fhdPulle
rat e schéduddcogdsradreagesr chmmfzfisdg:reaﬁérimanrmsm&oamsr eésponse messages
(as will be described further herein). As stated earlier, the F-DCCH is a

DTX channel whi dR the seconshexemplanye ambasimerd, aheobases stagiont dransmits a

transmtted. Ls [2NsSI0:t ke n.no nessage,to be transpmtted on the
E boch 1 5 prbntiSolhrabl SIS0 B8 16 " Aoine heonbls R vbBif
102. F- DCChienomd datdrngl ellignedt tol QRe Posgi td¥e tHie CEDRBA YSPHteRI qsMe§ {9 and
encodi ng of .the, F- ssggte (when present) and channelizes the nessage

for 25 trandfreis Be data nspyttedr en (thakF-BRH ab thathtine. pEbie
messageips ' t . | j t r 104, Lo r onse ,CRC and
tail bi t1 0geérqlfgré ﬁlg?g'lofga’ggggésfg? aelréﬁ*aﬁtggq %‘Tg%fc%cll%}’gésrt e ﬁﬁdé%gy%iﬁeg‘ﬁs (‘i?ﬁ&)
bits in accoegiiiated betweerh¢heibasei statibn An@Qbd pRclide statien apTaedmdbik CRC

bits to the F-.DC%I{l nessage. dtail hit generator 104 then appends a
series of 3VAHR| %‘l"tpser?(ﬁ%& gz(i:B& FHRRFVSION andEames, trapnsmvided ctesugly and
provides t s@SHhldsNth RAGKS! sIRiIBPC inedGn 09498 | P 7753
02 aEC 63 In tﬁe exenpl arsy é‘rargo i%ﬁ%?&eef}lnceoder ?%%gi swghc%%ﬂ%&% onal
encoder . Thdiffgrentgralues ifom|vareoustthyeshdldehi cFhe smoblile lstation | mayhalsar t .

It - will {pe . stopd by one skilled in the art,. the present invention is
equal | ylgpp‘l'ﬁ?gl%l eo?ﬁ%r ST HEFIR Yo JEAmeS FReeived Eou sé“(ﬂ%éy 100§ PUIPERS déder s.
5 The encodeillifipnitelthe®s pefiodid faehdso i nterl eaver 108. Interleaver 208

reorders the synbols in a predeternmned fashion in order to provide tine
diversity into tRethe shiddi exemplany embedivuent, nthe hpse stations tiansmiitselaess

parf or mance RN adeeren Gaaie e the rRuEF 5t eRRSGI: WHFa ke,
bursts. Theexceedsd dhareshgld)per athiern the lmpenber ifreragtyt fftarhes Yténseefitige edr or
he recdlvaldh tRet e affrial xPeets catisin ibuthelds of FoweRsutsh e e
Contr o1 15 BrLS and punct it oot naoncraper frite’ R metRah Y RERR R 0eq
symbol st r eeMery BReoffewer control bits are transnitted to nobile station 4
and are 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



used to adjust the transmission energy of reverse |ink signal 8. TheDtC 2003
synbol s f5§$18%ﬁcturing el ement 109 are provided to denultiplexer 110 which
alternati 9 fbuts the synbols onto to different 20 pro®cCTAiISomIEsX hs.
The first output of de-nultiplexer 120 is provided to spreadi ng el enent
112a and the next output of de-nultiplexgr 110 is provided to spreader

112b, and so on. Spreaders 112 spread the demultipl exed synbols in
accordance with an orthogonal spreading function W~~. Othogonal spreading

is well knawat ithe hhébidé lstaich v . ient of spreaders.112 is
di scl osed in the of -aforenenti Oilgfeg&ff BSHP%?BW%L}%?ﬂféz,olgg.su?ﬁév’éb?%ad
si gnal s ar ©peweLydeloftenconpl ex PN spreader 116. In addition to the

dedi cated contr hannel,, base station 2, in the exenplary enbodi nent,
transmits a pil gfp glhearﬁ’ré‘ih € mRiawy r"éﬂg?%l@ﬁ%ﬁbi the MI@&?%cﬂ’ﬂehi@ths the

denodul at e feb&ive&GRiot gm el typically the 30 es
sequence, are E),r p\_??de(?@lt.egf sprea{jﬁag&&lg&fn%%?kﬁiﬁfc@ﬁﬁﬁi%&er@ﬁbgﬁé&ﬂ
sprﬁad i leﬁé’@ﬂfﬂ?&m wift theoragguegatad Apﬂiﬁad%étgpilae(%@’%g%%ov‘?agms@h is
or t hogona in uence W-cH., . D E C 2 WO oon9=m
rernr soon~£§§e5§%¥§2‘%§p&8§§gﬁ?ﬁﬁ%‘ Sopsidarssthe-datanif sené i that frameanvillibel are
provi ded t&e@éiﬁ@di@&n%ﬂtl?lﬂf--eﬁ{é@éfdréﬁa ﬁ@BHHir PO i erpl 18 SE%%% o he

a WO

signals fromspreaders 112 and 114 i ccordance w 5%%'?} é%“(PN)
sequences BRRpS bad PM\ sppemtisiog nde (with theoaboviendéfisitivnt o and

(TamperEs
is describ i 3N il 4l cdpra2000 candi dat e subm ssion, the 1S 2000
draft speci |dga¥r|g§$1eaang E?}%E%?ga Pf)rf@d&@tsm} o 45-35a¢antthen be
Appl i cdld orusea iwith blihed 8 Bome Mhrediflds e8I sREead Signal is provided
to transmitter (TMIR) 118. Transmitter 118 up-converts, anplifies and
filters the spread signals for transm ssion through antenna 10 120 as
forward |ink signal §: i ransmtter 118
nodul at es t he si gnal gméﬁﬁﬁmhﬁ@MWMG& mat. Turning
to FIG 3, forward |link signal 6 is received at antenna 200 and provi ded
t hrough dupl exer_202 to receiver (RCVR) 204. Receiver 204 downconverts,

anpl i }‘ ies and f !'Eheef@tﬂmwmdtg,ging ia;hkglnltzﬁgtesl "fc &ce:qyrggﬁmeiéwemohre%ﬂ;s
exe : i receiv e s forward |ink signa i n
acch d;lr%’eﬁ\%? ?%eana &%ﬁ%’eﬁ’%ﬁﬁﬁhﬁoﬁef %&ﬁﬁ?géﬁ‘éc’éﬁﬁ%tsﬁ ferth; lPP—IgWag\ﬂlemd
quadr at ur etgkers én SoBfEhctid® WRBPHEX dENvERSPIE IRGER 496 é%géﬂvﬁ%?%lq}lﬁ%te{%

despreaderg§06, espreads the received sighal in accord
pseudonoi s %%ﬁfgemssmngww@eghqmm gviedreitPNl and PNQ . . 20 The

.conpl ex PN desp d signals ovj,ded to pilot filter 208. Pilot filter
208 despr eads tlr?geéignggl] %‘ndgéc@g%aﬁg‘é&ﬁﬁ’ﬁgtﬁheor‘{l%ﬁﬁﬁalo p? e dfirelgss
sequence WPpmurunikia¢iodssgystarh;pi | ot synmbols are provided to Ec/lo

cal cul a@or 214 got %gagct circuit 216. The conpl ex PN despread signals
are al §0 provi ded-to%id Siagram of the bpserstatioa of tizl presend dnventiont he PN
despread shgdal s in accordance with the orthogonal spreadi ng code W-~. The
despread signals are then provided to dot product circuit 210. Dot product
circuit 210 complfees dhen ddoclpr diagramofoft Hee Freiiste aRatidheofithet prdzanpe! .
Because boj EREORi | ot channel and dedicated control channel traverse the
sanme propagatron path 30 they will experience the sane phase shifts. By
conputing the dot product of the pilot and DCCH channels the result is a
scal ar set of nmgnitudes with the channel induced phase anbiguities
removed. A preferred inplenmentation 0 2 DE C 2003 WO 00179711 10



PCT/ US00117753 of dot product circuit 216 is described in detail i 20 200)
af orenentioned U. S. Patent No. 5,506, 865. The resultant denodul ated synbol s

from dot prwdsptremiircuit 216 are provided to de-interl eaver/lqﬂ?@gﬁh.,%@ and
enpty frame detector 220. De5 interl eaver/decoder 218 de-interleaves and

decodes the F-DCCH nessage and provides gn estinmate of the nessage or a

signal indicating the declaration of a bad frame to DCCH control processor

222. There are a nunber of ways that a bad frame can be detected. A first

is to determ ne whﬁﬁ;%r he_cyclic redundancy bits when generated |ocally
AbeE 7!

at renote station P RESGRIPTIONLOFEFHBPRREFERREDd is to
conpute the synbol error rate of received synbols by conparing the
recei ved encoded synbols with a SEREWDJ(MIENTy&nerat ed re-encoded synbol s
based on the decoded bits. The denodul ated synbols from dot product circuit
216 are also provided to enpty frane detector 220. In the exenplary

enbodi ment, 15 elpEIGE NabaseetALH? RAHATSrRErd xé!s%als (62t YPpifedl | O
SI a

of the denodul ated synbols and conpares the neasure to noise ratio
to a threshyprion. il sfationt 4 tragissuits sevepse dinkedignalsiBetd bassstakidnaD.

enpty fra i e I d be_.noted t.hat there are  other nefhqds of
det er ni ni @a%hgrr‘%{e?/ﬁ ﬁrg %%m%%?i%ﬁ\ghif%ﬂ”aﬁéyhﬂ é}%‘ﬁiﬁyéd apd; FRNArse eiiﬂ%]g.
the scope ZXignalstharerededivisivie itiiléiple AcddBd (COMAHRRALRCHBOAS' si :éf‘sCNE)' ng

enpty frames i s disclos in copending U.S. Patent Application Seria
09/ 150, 493,3% F‘P%ﬁ?“ﬁ@sf%igm the heJogomamnicatians HudRsyBASEOi@dvVUNL GAE ON

RATE DETECT&aQHi&XéT%ﬁNQsi%TH@}%e ‘Q"}i@@ﬁr@nﬁswmﬁ mluhbe . assi gnee of the

present invention and incorporate YT ence RBFEFRICAHORS o PP, he s
t hat ar @0 ndfTEhpentided (Thei dérha260ITW-RoRTD! Qandidkis o5uBRdssish’’ Cland

extracts the,punctured power control .copmands and sends a signal to
transmtter” g‘af &&Fn@'\gﬁ?@ fé‘gé‘?ﬁ‘iﬂl% ® n@ﬁgﬂg‘-i'/‘aﬁda’?%\}%ﬁaﬁe%ﬂ*lhkn@ﬂ@dal 8

i n response Rraposéd Ballbe TeR i oqqﬁ 30 command stream
results in an inabi I.iaty to E&ﬁ%‘?‘g%@e p ?aqg?%g\'/erse link signal 8 and
the potential foFuningitogFiChe2, rthecelemenis necessaryzfoSHfie 20adsMBsisH T 7tk

PC T/ US001 first,enbodi pent, of the present inyention, the DCCH
control préii-é%co%ll%égoﬁggg s&gngfn iaﬂgtfPBFFCPPBE?&gESW?egEg‘ gisnadi&.18 or

220 t hal5a illustrateds ivigreatergbadil. Mdsqages Y trandissit e the (ENEQ 226 and
(CNT2) 226 are initjiallzed to zero at the beginning of a call. If the

recei ved f rgfneraiedain By aassage genertar (PCEH MSG &sEIN) 1190z erBheswd

counter 22Gmessd \ r j .1.s.declared a bad
Frame. t hor e oaie oD aldRall Choduidifmebbfel dand Rt OR nitSad 2l
the frane iandigespores engssugeddas welllde dbsceibedt firShék2heddigh)226A & edtatad
unchanged. 4 reaches a threshold TH1 t hen DCCH

| f..th 2
control pr oeﬁgéﬁfmé%ﬁgﬁ&fslog %ﬁi%ﬂ%ﬁ‘ek yhich s ﬁ’ialf‘ﬁé?ittEQZW&PE‘aﬁ'}qfﬁdst%e
transmi 20 ermeésage &Ubé’%aﬂi’é}ﬁ’ﬁ;&%d Sarfd! i a6t Q%I&ﬁr_{nimﬁr aﬁ'{eheﬁo Hesggfeﬁgl b of

counter 226 reaches a threshold TH2, then control processor sends
a signal tdrangnitad enrthg B DGECEhishpiesent he transmitter. In the second

| nbodi . i 2 ] 15 f
herern a5 o supelid Bisspass i bR LERA e FIRCH Prefedtos elefent TOEFHCEE dat a
frame to beprocessing lel@fiend 102epérfbahbl the riddadsaty PReprobedsitey R Sﬁé&ﬁin%e

enbodi nment ftﬁle i:g[g&rvi sory frame contains pre-defined bits known to t
mobi | e st atQfoHeafitPt-SH maessaget Guhen presentyvangt chanmelizase théiamessage 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.



has been negoti ated between base station 2 and nobile station 4. 20 2 DEC 200
Referring &,§ E%G 2, tinmer 134 tracks the N-second intervals and at th% 3
expiration 079! i nterval sends a si gnal to control procesgEerudodarréont rol
processor 132 determ nes whether there is a nmessage for transm ssion and if
not provides a signal to nmessage generatgr 100 to generate a supervisory
frame. The supervisory frane is transmtted on the F DCCH channel as 25
described with respect to other DCCH nessages previously. Mbile station 4

t hen perforns F- RCGReS 54,0 -enpty frames transmtted_at such
preset time in a wa £ sFir?né\I:h ;%O@Fﬁ‘&c{ig’g‘?ﬁne&}/\[:ﬂd?g_ ) 1§i BhcpbVehutignay

di fferent vengaseror egrs ahdriesplentistatibhl dewHidt 9N eh gggﬂgl j?log#m' Jude

ot her non-egp Y fbrameg rfpcqedné)ed for supervision purpose i n additi #630

t hese peri odiC | /bgpaders Vt pig kdlledhpina the eattp theeptesein severn Bbhohs 2

t it i I f , Wh th

nunber OE e Bl B ol R B A Bl Rodess b Fodersipt y

franes e ceEh% encodedsspibiols| are propidddr oo dn esrpOid¥eRbg, t hr‘?te?féﬁ%i’i 68

frame cont defined bits knpwn to the nobile station and is
Jteorafi e symo

transnitted a R & Pracetermineth fashion e gutleattodphmstideerinhase
station 2 agiverdi} irfoSthatfr ; [ |G 2, .control processor
132 tracks the nﬁ"nbe? of C%%srggatﬁ?r\l??fgfﬁ%ﬁm MESHagte cGFIPIRAB Wireless

signals fr o?ﬁfﬁgﬁgﬁg@icgmesmemsumpiCMﬁn dcbar NeAbsuRfs. CONBELIldrY e 1P Y
frames exceﬁgﬁiﬁcgﬁt %hr shal d v%q ues, then control processor sends a s gnal
to i ssue a SBpPEervis Ff/t%met- YATEageR When rdaaling) adith @roensethat edd heot
super vi 30r yocklir fin bi@sts.T EheS HRBFB] ' mtted. on the F- .
channel as described with respegﬁg{gg{[%gg@&%hg#és?éﬁ%‘g.ﬂ?%ﬁ?‘ﬁés &ion
4 then per fSF brrsbamsrsthse parketoin mrdaitltonm?ﬁ-ﬁpbytlié P@formhriteY il ar

to that defddedet Bt the wth potentially different value for various
thresholds. In Fte ?@ulr%t%ﬁwg%(‘enpl ary enbodi nent, nobile station 4 transmts

a 15 message t hdfhe iuileased d15 Gife NBRR/idkal i %oﬁ%e(rf gaqﬁélgﬁl%%ﬁyi'%
u

reply can sinpl an, acknow edgenent)” when the er o
enpty fr ama%%@%/‘te gﬁg'd ?’é%ggé‘%g £lement nH0H reives rengrseoliftk GPower COMtESH

processts 3 hR§el i jon.a t.her, a frane is enpty fromenpty
frame detector 228‘%> I'n tﬂl stngl %F?re ?n,str‘\é\g%p"bﬂnic?4ﬂ‘ﬁr antesleayedn syvabolof 20
consecut i véteeap.y The grosvemncontsol bits tareteihsinitecH ftbaABbRs 9A95h f4f %(rge

reshnol d,

of cansecutive enpty franmes exceeds a't

gg?ﬂ? (r:E)Fdior %Eés%?a%f%%ﬁé (FANSIHUSSIgR Anergy freygoseyinkrsignal §.MSG GEN) 228,
encoded | n oncoder - SogreLs Trdin: FHR S M fren) G0 ot R o2
anpl i fi ed &ndtinlexes B wihieh alieraatvelymontpuehahaalymiols 6S® Hiiﬂéreﬁtgna'
n the o aniaresiig Bofhst ST 6PV Rt of “dereaabibleron 140; Inoprovdadedo
Nbssage. aThngi‘fg&?gﬁgﬂg%mwf‘“‘@' pext "GuE fof RRMEIRRYEr TRl s (e

30 base st &Py % sprs d12b.sapdr spsony f Spreaderst 112 FeppeXa. thBUrdd-ng t o
FIG 2, theng [ lved.on antenna 8 and provided to
recei ver 1%{3 sﬂi ch d%ﬁ?g%ﬁi\?eéﬁgg,?&%%q Wﬁésarhr?dﬂ?‘?gq sSpregdingefunegtiong ~ ¢
Z003 wWo 00NMYideyPcOrthogomal-sprédiingnis wedhdnSvan Vi de h ived
si gnal 450 ggﬁogiul atpr 126.$gem)duFat.or 126_demd%ﬂgg%shﬂhénéigr%ﬁ%?%ﬁ%g
decoder—125MPRLIRERt of 3preaders 112 is disslased in phevaftirementionedq U Parsaage

I ) .I,0l .32 i i f
;0 m(;gggég INSQJ" qmueuglgg'@ ;I@l% spréad SRS Sre SRViA8Y ¢ rc%(l:r?p egrPN%pre(:jae er 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
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 W

30

DCCH*



5 be transnmitted on the F-DCCH and if not sends a si gnal requesting(pnat 2003
message geneoabes71i00 generate a nessage for transm ssion opct;-h;sgﬁl-ﬁgﬁH
.the exenpl ary enbodi nent, the nessage generated by generator 100 is sinpl y
an acknow edgenent of the recei pt of the yequest nessage from nobile
station 4. 10 In the fifth exenplary enbddi nent, nobile station 4 transmts
a message that requires a reply frombase station 2 when the number of

enpty frames detegted w thi.n r edet er nj.ned. nunber_ of received fra
exceeds a thresho B’Eﬁ%dd‘f ggglsggoxpos ipg elements R and Jidargprovi vided

consecutive t@rcd?ﬂglex@f\?E teldet P14’ @om%;le)g ‘?’N %ﬁrleaHEP 9%6 %ﬁr%gncgg 51[1([5 Céﬁéa?? 2;8

i ndi cation as 5 whet er a frame 1s enpty om enpty
Count er 224 fromc lspreaderaultPeandf 1biny adooadarsei with nMwo nps@m@mmlset ()]PN

f hi \Wh th f det b
e vou 11 arabeReR i 36 FRDL ChRPIEo RN sPraiGis ds oreld denasen dﬁuﬁg.gﬁm
, 10 nessagje HRNR HLRFbeEP S ird 2% c&ﬁ{(ﬁboo M&&Q@‘&%@@&éﬁt @I-? 3%90'9“
I N enco dul at e

nessage 20 The request message IS enco
modul at or 23iraftanspegificaiorer aed, thepl dforemientionéd | tapetdingo ©.S. Patent

det | 8. T to Fl
Pequest e ARRLRRRTL - Brviah 15h° Dy bkttt poorbls By Sopead,eiiinal Sani ch
down- conver tgrovaded | fd etranBshifted t ETNMTRSVESE 2Prandmhittersi 1! ug -@&tberts,

provi des the recei ved skanal to denodul ator 126. Denodul ator 1
denodul at es amplifipgand @I%Iéhecﬁ@re@&g@eboﬂestramnwmutl’moexghswﬂmhna

provi di t r % essor es

cont rol ni[:)br o?‘ggsagsr g%% gg‘ﬁééra}grgﬁgels i g“ rYsenE]B%‘g’é‘ae?Q %8“‘??'{&5%1}? ed
on the F-DC@hbduathtes the sigiahds aaca‘rtiafi@é mﬂ%@sm%b&atatﬁﬁm feeRage
generator 100 generate a nessag or transm ssion on the F-DCCH. In the

exenpl ary enbodi nBningpe fes3da dind signal\b isageeixedratigennas?20fhpndan
acknow edge t 3 WO
ool Tor1s PoprpYidiy Sugigplexet éf’?? TESUR RIS, Referver 2040082, )
4 ufses t he roemlemdampltﬁessarﬁaﬁtyﬁfs (die/atd)l;xda(‘j sigtx?bﬁs I’IémtactdmldatﬁteE \v?ltl&thet o}
erform rvisio e.a e ive Set pi c/lo is
gbove a eseé‘Fnlﬂl’iggé FGRREO lﬁbfmtr gegqné%géﬁgae@gﬁgfq}ge 30 dink signale§dn;
that frame, adebiddifeSwitiCEOPBK BefoReldtion fom{éiemf t§ taeqﬂ-{;/ﬁégee and

O herwi se, nobile station 4 considers the frane as . A supervision rule
with the abcpdretunerphase @tgx‘géﬂ)40f¢canp1@sncﬁ’l\badhspreaﬂm32M| vampimcatPN

specified i th.ei.ther.the same thre Ids or
o {1 ed. ondlesPrERs 106, ApthraFad BE el B A i RSB ngel WIRCHEC £y
the recei vegpsbldpnbise segiiebes u§edcm§ptbed thé sipeal PNpUPN QL 214. The
~Ec/io vaglue for the pllot signal of forward I'ink signal 6 Ts caonmbined with

the Ec/ 14 val ue ofhgidasmplex; BN sterpreagagignabsatieonsovidednto pilot diltss: 208.
mobi | e st at' t4 fﬁﬂerp?@% SR RIHL Y lEﬁ( a%corm?\c@C\M el o &hﬁ%@ﬁ?l

stations is the set of base®stations Iy “conmuni ca ng Wi t
station 4. 'Etpeea@mgagpmmmelw ﬂo,lﬂ'rﬁcdésprem pilov syimbolsoarptrovidedr tw Es Slor

222, which [lo..t th hol d | If th
aggr egaltg E%%F%‘qéﬁ)é'eégsﬂﬁgaﬂfggﬁcgc Bi ?r amreelssodec?lgr gg and |fet he
aggregate Ec/lo "Fhé%&\ lai\rPNmae gbéa%sgi ghellsarBadlsd HPRidéd d8CaarRHuldbS

all ows npbile station to i nfer recerved frane, if non-enpty, is a good

frame or2% 4. fIDamdMlatqruﬂQjéem@dméateﬁehe M@.esp&aéas@lm in hacsordange: s
nmobi | e stati 4 WI || nabl sabl ansm 4.t er, 232 esGgri be

v ousl o b e oreoa38al sBresiBR e tiactsy oThS [ASPEeAD sidAls AiE then
provided to & Q@Ho@?j’rééﬁctséitdd@ﬂlo nDbhgrdect‘t&cﬁRmooéowlFﬁtéd"&\epdﬁsent
i nventi on. The vari ous fications to the mbodi ments wi Il be readily

appar ent t o produehsf ﬂkﬂ IH—E@GH ank thet pilahdhahpehenBerauss ihathpthe pidet ned

Facul ty Trogtil i EBRRE] sfie BN, erin Bt P pabBah Kt .
embodi me30 s thiegweilhexpeérietdt tHeSsainte pRagcslaftde Byt dumputiagt tiecdpe peodactsoent

with the principles and novel features discloséd herein. 30 WE CLA M 0 2
Dt C 2003 1he pilot and DCCH channels the result is a scalar set of magnitudes with the

channel induced phase ambiguities removed. A preferred implementation



CLAIMS 1. A net hod for supervising a. channel transmtted in a disconjpp 9@3
t ransni SsiWB ¢ W? conprising: determning if a frame is enpt V\/nerel n sa
franme is transm lted in a discontinuous transm ssion node;

supervisory frame..- 2. A nmethod as in claim1, further conprisi ng sendl ng a
supervi sory frame, wherein the supervisdly frame contains predefined bits
known to a nobile station and is transmtted at a | owest data rate that has
been negotiated between a base station and a nobile station. 3. The nethod

of clai m 1,ofelr pioduch eircaitd2¥6gistdescaibpérivi defai] i aHB £RFPRIcEdned U.
transmttlglg the@ugs{g |ggry frame for a discontinuous transm sSsion |
there is n ?fﬁwa t8 be transmtted on a channel. 4. The nethod as in

Consecut i ve empt v ropuent e GRCLAPA R AR SR Yok bRRE Sl b B |
further corgrovidedyto dietinterlenyea/decddur 218 and seapty ﬁﬁn@é@éﬁeétb@@ﬁ f19é-
nunber of COIBAYETAASGREE 219 dedateslemias aad tagéé*cfé[ the §-DedTroesegens .en
Frame: and g Groveie Bl GRERE B mRtB L MRS b (e
first data declarstion a? laabad rfearae ton METEhcbAgrod [Bﬂdcéésdi'om erThé@datd of he
first data fra oQd fr i ncrementing a second counter; and
det er mi ni nngnEE’éPEé”ﬂg Sggt&%‘@ﬁnt:@ bec@etgeied; nd: firspivtodetamies 16
the rempl o ooty o %fé’fce%@??’e‘?ﬁé‘ﬁf Bt R BtbralEARLARARL AR S0 1o
det er ni M) ngt eheskavith the depeddd €RC bits. Pesemdcisitotaamsputo i isgirtel error
rate of the received symbols by comparing the received encoded symbols
with a set of locally generated re-encoded symbols based on the decoded bits.
The demodulated symbols from dot product circuit 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 leaviﬁg 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.



if the second counter exceeds a first threshold, enabling transmi ssi 0@ frf%
the renot ewgdgiban. 8. The nethod as in claim®6, wherein th?d‘/hF&)hﬁs@ Znné 03
.is set to zero on receipt of a good frame 9. The nethod as 1n claim8,
wherein the second counter is set to zerg on receipt of a bad frane. 10.
The nethod as in claim1, further conpri ﬂng: detecting a condition where
there are no data franmes received on the channel during a specified tine
peri od; receivinqﬂperjodic supervi sory frames while the condition exists;
t

and super vi si ng tRe dfging@bodimens poh ke present pavension, $bpdPCEbreyninohmes.
11. Th t | Pd | E ther,. i Si,ng: i Vi e from
a rem)'?em:t tLOR O{ g%f%r%ds?s&%s’eaﬁﬁr F&%ﬁ%?@f@&ﬂﬁ%@éﬁ%a%ﬁs@ﬁﬂ@ dnpty

frames exceeesma it kitheh@odd, dad drf @npey.t i@ BUIRSROISRTIY LAGEscRTe) 12.
The nmethod as in claim1 further, conprising: detecting a number of
consecut i ve /Ry initighaed 6o zeFe a¢ ag heginnimg) of agadhi Htthe geceivest fragee Whan a
nunber ofgc CglL lve . hr.gshol t .message
requiri ngsa eg] f;& %b%@g%%%xg{eg{%? |1§)r§1&%%38 z%é ahgt%o&gﬂgg ﬁﬁ BT ,ntEd
further conyhy ariexglfdtteceddeived: foamieets déclarget y badfiRané eginy euffer 228 is

channel duri,ng a first interval; and Ol DEC,2003 17 transmtting a
message wherintIsBeRtedandROWMSET 226118 seset 4o zerg. tLh&he iframeinderlazed expdEds a

e ponCor” o/ ten EARBODE Gliiiteld\ 808 4rEP 26 (LR LARAAALEA! OFf k! valll® of

met hod of claim 13, wherein the reply I's an ac nent . e met hod
of clai m 14,connterd2d rehehds atlrashbbdl Ths tege DCCHesoretréa peocebsiiri 222 deids
t I t ) | franme on th anne] . -
ransmt g S 1%{1\41 0 tfansmitter 232 d?sa%?.ing the transmitter (i.e, output power is
turned off). Thereafter, if the value of counter 226 reaches a threshold TH2,

then DCCH control processor 222 sends a signal to transmitter 232 re-

enabling the transmitter.
In the second exemplary embodiment, base station 2 transmits a

15 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. 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



16. The nethod as in claim11, further conprising: r;acei Vi ngfa rressa@pg_{[@[m
a renote | the nmessage indicating a nunber of enpty within a
first int Z‘Evg’taoplgxlclzeeds a threshold; and transmtting a resﬁé@gﬁﬁ%”tsﬁe
nmessage 17. A base station, conprising: a timer that sends a timng signal;
a control processor coupled to the tinerl2the control processor when it
receives the timng signal determ nes whether there is a nessage for
transm ssion and if not sends a signal indicating such; a nmessage generator
coupl ed to CABSeMMIvVED| epiiyessamest rexcearss ayetigesioldt or pengiet peeferred

super vi sor ane when it recei.ves the signal; and a transmtter coupled to
thg messagge o@g{eﬁ: the, SUPFLyisoRV %‘@1’“‘? Fgﬂ@%"i pre-Aefineq bitsi knawntoathe 18.
A base st at inggbid® statich aamd %<, | 3100 ecel vagr .t
down-converts, 1arrpl i fies an(]jizftir'{i#%r?@%%d ?ée)c\r/qurelsgb‘P?Sgkagl&gggF; &gatdg%%q}fﬁeé} or
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signal thereby producing de ulated sypbols of the request nessage; a
decoder Coupl ed 1@?‘?%3‘ e%ﬁ&’a Q;rc%tEB dér%ﬁoﬂe%ﬁa&kédﬂ@ymngﬂ a@fl a
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request signal, the nessage being an e recei
request nes§8peratohiPdi Whee thennnoiberr otesrsecutise emyplyeffaines tdxeeetrtlter

th trol et ] i f, a,message is eued to be transmtted
on a channefRERIORT  KatHess R 2 cpRtfaboPracren seidy 3 ignad sooiste .
The base st gtipervissryl frathai 8 hiesshpé thislerydde’ R0 td %@n@&?%rt‘i\le Q{lgggxfi%fy' S

adapted for receiving a nessage froma renote station, e ness )
i ndi cat ilfg frame.a Thessipesyiseny fsamei isctrangmittéd ame the Xkt BDEGH achtanres has d.

20. The bas@shilddOWil redSedt ToCobRel B-DeEH' }nggsragcég.npﬂo%iﬂggstation 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 the fourth exemplary embodiment, mobile 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
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frame, a badnfpAl%tatfyn @n enpty frame, wherein the 0 2 CE C ?0D3 19
control processor cﬁsarbl es the transnmtter when the first counter exceeds a
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frane. a threshold regardless as to whether the empty frames are consecutive or
not. Referring to FIG. 3, control processor 222 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.



26. The renote station as in claim25, wherein the second counter is set to
zero on receipt of a bad frame. 27. The renote station of claim24 fuliBet 2003
conprisi ngWRMa¥Mad1 t i ner for detecting signal fade. 28. The penosendysati on

as in claim?2l, wherein the control processor is operative to: detect a
condition where there are no data framegyreceived on the channel during a
specified tine period; receive periodic supervisory franes while the
condition exists; and supervise the channel in response to the periodic
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a] cauz[ < ‘10%&'_l(h)- 10% & ()-F 310% & ()-! D@) 109%& ()- ' @) 10%& ()- !'v
y) 109& () - e 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 apparent 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.
30

WE CLAIM:
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determining if a frame is empty, wherein said frame is transmitted in a

discontinuous transmission mode; and

sending a supervisory frame.

2. A method as in claim 1, further comprising:
sending a supervisory frame, wherein the supervisory frame contains predefined
bits known to a mobile station and is transmitted at a lowest data rate that has been

negotiated between a base station and a mobile station.

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.

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:
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8. The method as in claim 6, wherein the first counter is set to zero on receipt of a

good frame

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
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receiving a message from a remote station, the message indicating a number of

empty frames within a first interval exceeds a threshold; and

transmitting a response to the message

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.
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a control processor coupled to the empty frame detector and the counter, the

control processor resets the counter when 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/Io 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
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27.  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.



