MULTI - DETECTI ON OF HEARTBEAT TO REDUCE ERROR PROBABI LI TY BACKGROUND OF THE
| NVENTI ON I ncreasi ng use of wirel ess tel ephones and personal
conputers has led to a correspondi ng increase in demand for advanced

t el econmuni cation services that were once thought practical only for

speci alized applications. In the 19805?‘mﬁreless voi ce conmuni cati ons
becane wi dely avail able through cellular tel ephone networks. Such services
were thought at first to be for the exclusive province of businessnen
because of expected high subscriber costs. The sane was al so true for
access to renotely distributed conputer networks, whereby until very
recently, only 10 business people and large institutions could afford the
necessary conputers and wireline access equi pnment. As a result of the

wi despread availability of affordable new technol ogies, the general

popul ati on now i ncreasingly desires to have not only wireline access to
networ ks such as the Internet and private intranets, but also wrel ess
access as well. 15 Wreless technology is particularly useful to users of
portabl e conputers, |aptop conputers, hand-held personal digital assistants
and the |like who prefer access to such networks wi thout being tethered to a
t el ephone |ine. FRESECTION @F HPARTRFA T QiBPYab ERROBRARSELARIBHY sol uti on
for providing | ow cost, high speed access to the Internet, private
intranets, and ot her netmorks using the 20 existing mﬁreless
infrastructure. This is nost |ikely an artifact of several unfortunate
circunstances. First, the typical manner of providing high speed data

service in the business environment over a wireline network is not readily
adapt abl e to t RACKREREYNGy QHEHE BYYENEONvai | abl e in nost hones or offices.

For exanpl e, such sﬁ&&agﬁ&{&emmle@p@mog@a@d@%mmu@%mkdwessarIIy | end
thenselves to efficient Transm ssion over -2- standard cellular wreless
handset s becau&ehprdnreBycaeirRemecd fefansst ielgraraminatieesiegitetitheinl y to provi de

VOi Ce Sser Vi GeSyerd\encd oS biasticRlo8§ e spdANzcl hititMbnsMi L @569s, GRRENI cat i ons
systems are optim zed for voice transm ssions, although certain schenmes

such as CDVA df9iSSceiuEcasionrdesims Sidely aypilable firaveh seilelal telbiva%i or for the 5

accommodat i on Qfwfat @uéhrs@mceaﬁe% t%}gt & Bist (S ¥AHP h@exctulaﬁe gatiacddat e specified
by the Tel ecomuni cation I ndustr sociation (T1A) for 1S-95 on the

f or war d traff|@Staﬁaﬁwwqug@oée}nﬁ@ﬁcabgbéuwﬁrlhehwténﬂmsm Vétalse tpe fBps up to 9.6
kbps for so- ca&&@%%&a@@gm&m@m dma@a@p%e&sﬂmlﬂveﬁy&&% BRyto 14.4 kbps
for Rate Set 2. On the reverse ﬁ fic channel, However, ¥he data rate
is fixed ati4. bgﬂkftﬁbeeorﬂz@m&lartswﬁmvtm @Mdﬁé‘owheép@gsswy@%%artdher efore
typically prowif@ndact@diipggRgnnel that can acconmpdate maxi mumdata rate
transfers of 14.4 kilobits per second (kbpsg over a forward link direction.

Such a | ow data raf®? ERdriéle vitseead arailpliify of affowelle orvt ewpipgienther ansni t ti ng

data at rates geferd8orflbn £MERcrabinBy KRRS § AL nALRY DALY avai | abl e
usi ng i nexpensive wireline nodens, not to nention even higher 15 rates such

as the 128 kbp&Meraruchpethaluamentsidarivite iRaps Syl Sdreseraprees vollgi t al  Net wor k

(1 SDN) types eauirdMieRthnoloa @ pdrBdu@sly Blefil RESEs drp¥RIb% BhButkdRifllpy becom ng the
m ni mum acceptable rates for activities such as browsing web pages.

Al t hough wi r eFPRRHehaidriel raema! ‘kﬁtﬁb\ﬁs‘%ﬁmstaﬁémﬁi"heew‘\‘ﬁrfé?f"fcaé?qsﬁloar syst ens
were initiall yudeveban@thok SdingthBersMst 1:RBHdne likdNer € was no provision made

for such
There still is no widely available satisfactory solution for providing low cost,
high speed access to the Internet, private intranets, and other networks using the
20 existing wireless infrastructure. This is most likely an artifact of several unfortunate
circumstances. First, the typical manner of providing high speed data service in the
business environment over a wireline network is not readily adaptable to the voice

grade service available in most homes or offices. For example, such standard high

speed data services do not necessarily lend themselves to efficient transmission over



20 wirel ess systens to provide higher speed | SDN or ADSL-grade data
services over cellular network topol ogies. In nost w rel ess systens,
there are nmany nore potential users than radi o channel resources. Sone type
of demand-based nultiple access systemis therefore required. 25Wether the
mul tiple access is provided by the traditional Frequency Division Miultiple
Access (FDMA) using anal og nodul ati on on a group of radio frequency carrier
signals, or by schenes that permt sharing of a radio carrier frequency
using Tinme Division Miultiple Access (TDVA), or Code Division Miltiple
Access (CDWMA), the nature of the radio spectrumis such that it is expected
30 to be shared. This is quite dissi-wnilar to the traditional environnent
supporting data -3- transmissions in which the wireline mediumis
relatively inexpensive and is not typically intended to be shared, O her
factors to constaaerd sehu ?’h‘?é‘@l’é%’i‘@#%%ecé”%wfr‘éicsé§%‘W§’§f§ pemosEgiaalvhe

characteri sti csie@fnch Brﬂy @agir@ldet@@é EemdéprAmmlﬁese&@aﬁdlgﬁrwm@E access to
web pages 5 generally burst-oriented, th asymmetrical data rate

transm ssion r é&lﬂi“f“éﬁaé‘ﬁ‘l‘sssyit?insa{”er@V@flé%fobweﬁré‘?%%s@“ﬁPlﬁl@égﬁ @GR n a conmon

application, as4eeks éaf;h@crmtd@p@blu@me%Mb@&%h@@%m%&ﬁ%ﬁfof»‘&ethe addr ess
of a web page to a browser program The browser CPro gram then sends the web
a

page address® défcﬁm”\ﬂﬂ%"@hOf%atad%aﬁséfl”fsy’“slﬁGr%‘9’?‘%’% tofrdatagale spepi fiEdbighth, over the

network to a S%M&ﬁnnﬁ@ﬁ&kﬂnﬂﬁdustﬂl@ss&&h&rﬁ(ﬁ%%ﬂl%?Bn?h@?d?wé@trﬁ&%ponds with the
content of the requested wep ude anywhere from 10

kil obytes to s&WAEFgfs aﬂﬂ@‘%?f‘é‘?“ﬂ"f“ﬁé’%‘? 3 21‘%@’@ to %65'?1‘8 for(f? c@dlfgRagi deo dat a.

Theduser L her eaf:ﬂ@ﬁndm?:ﬁnﬁﬁﬁlﬁdmslmgﬁlp 15 g@@}fuasmgkatewm %%%@tegd@ nut es
readi ng the content_of the, pa efore down ing another web page. In an
of fice environ tfafﬁ"tcﬁé"”ﬁ]af“g\‘ ’2 F\af?srf‘eésrﬁﬁf?%ﬁ@éé‘bgsorrput er work 15 habits is

typically tm check & btgwxiseiy vﬂ&@a&ﬁsyx’iﬁﬂ thddidre tyPic8lD psOMRIdAgcRhRe for an
ext ended period of tine,

as accessin 0 tored data or even
Cormnating o0& o0 ENEeeBtR B AT OB P TRt NPT 8981 hough such
users nay r erra(mpsgemecdreddmc dlh:enolnﬂSl&:h Aetw @fa rfXE thahed dbd@fnétaélﬁt conti nuously
during an entlrte ga%/tl actt ual gtoft t he ﬂ; $ %gé‘g link is usually
qui te spor adi c! seH girgctinior &@P%@Ema ety REEe or guy psst PBEMng | nt er net
connectivity atoeriodlyoskbisusiig inkphisivelvRehe ol KD I 6Révie@Righdr t 1S
becom ng | ny rea5| n 1; IJ_(&)an{ljaéto 0 t| m the e of avail able resources
in wrel ess 5@ %/Se‘h%npz% B AE 9V s ‘#g ‘Eestt?‘%ﬁa} i ¢ channel
al l ocation addm&%rkslsmel) @@@emtp&emf Dhmartceaamglemearefabidcy wReinghe hi gh
performance wrel ess CDM@I cation systens, but there is
mmxmum acceptable rales tor achvmes such as browsing web pages.
Although wireline networks were known at the time when cellular systems
were initially developed, for the most part, there was no provision made for such
20 wireless systems to provide higher speed ISDN- or ADSL-grade data services over
cellular network topologies.
In most wireless systems, there are many more potential users than radio
channel resources. Some type of demand-based multiple access system is therefore
required.
25 Whether the multiple access is provided by the traditional Frequency
Division Multiple Access (FDMA) using analog modulation on a group of radio
frequency carrier signals, or by schemes that permit sharing of a radio carrier
frequency using Time Division Multiple Access (TDMA), or Code Division
Multiple Access (CDMA), the nature of the radio spectrum is such that it is expected

30 tobe shared. This is quite dissimilar to the traditional environment supporting data



25still a need for nore efficient utilization of avail able resources.
SUWARY OF THE | NVENTI ON One way of making nore efficient utilization of
avai l abl e resources is to ensure the resources are allocated in an
error-free manner. For exanple, a base station should not allocate
traffic channels to a field unit when a request for traffic 30 channels has
not been nade. Simlarly, the base station should allocate traffic -4-
channels to a field unit when a request has been nade. Such a request is
made by the field unit when the field unit is enployed by a user to send
traffic data to a renote network node, In one application, a transm ssion
of a marker in a tine slot over one ghannel 5 indicates a request by the
corresponding field unit to go active. That is, transm ssion of a marker in
an assigned tine slot indicates that the field unit is requesting that
reverse |ink tr&pemesierianiybics thseiglgsimgAiet tsla8 1l iiemsivondiseiismi tting a
data payl oad fremchiRendisl & ydRkdedt 0 the base station. This presunmes that
the field unit i's presently in the standby node. Alternatively, a field
unit transmits a nmardkear fasipesto gonsideramiic deige Plantiesiesoiystemerepld r of reverse

l'ink channel s t gj.pdiigRl & tﬂeggf’a itsd1e Fbi &Lﬁplﬁ@j):%siid-grft}&ﬁ%c_eé’s@ﬂwgﬁﬁa%&g to be

pl aced in the active node. exanpl e, the unit does not want to

transnit data ofengraielyepeeriented wihapmerticakaithele rapgidssionatadirgpants it equest s to

remain i nactive, RudrseSHB R QB bZRHonMI Dechi®n BASieatoh atus @R s $ Rnfohaticd he fiel d
unit can i mredi at el 0 active again at any nonent. 15In either case, the

present i nvent i GIPPEPITSVEEIfiFS ihe didihele e Paggét BUPYIFEPTas@NgRk  havi ng a

marker, or indigakicOfrog@h tn s@AYAS v R LAARRG At OIS GRkIONE bttat es, for
exanpl e, by nmaking a nmeasurenment of the indications to determne that a

request to changé=tPnmsm V&f PeREVE facer HgemPpEeEn Thatseer omreiiehyar t i cul ar

enbodi ment, fohercfBasWiRMRAbnkA G UERGuRED W@FShe, WWoh REFIntL¥E|eRAL i fications
of the request iven 20 an. The system may further inprove

nag tine sp .
per f or mance by %‘ﬁ’b}%’ﬁawﬁ QP FRL BRI A HOWRFEY B8l ¥ ST BrVideC d8h- r equest
state (i.e., stERdYr Herh®r Alay spef¥cldd] sdd@delor Strdde@dral B B4 Teading @QUESt state

(i.e., 'request to change' conmmunications state). The result may include a
reduced nunber‘BP“@PF@ﬁgﬁﬁgeﬁﬁﬁﬂﬁﬁwgg??%ﬂ?rg?d?@%, such as erroneously

assi gned or al | ocat edntoffRE EmGrothar) ArInsture 3Bhést ORGoRAS EdnguleBtoRPPl i cation, a
subscri ber it provides a &g rtbeat. chann % using a first code in a CDVA
systemin aqﬁeépﬁﬁé%?pﬁﬁyﬁ’ §Y“’$%ﬁﬁéwf ?Vﬁ&ogmggﬁ .eéﬁd% in the
reverse |ink t Gx@ndedperiodiontihgBuch Bgc&URS6daIPasredttd orRr@MEBRELIige Signal (s)
with a repetition and, oPtl nallﬁ,hdlgfereq¥ﬁ@8mer | evel s in a manner that
a base station‘lﬁﬁﬁ%V?Wﬁt?ﬁ‘°$ﬁ? CPRFES g SYE LR MINFEHE i on det er mi nes
a request 30 t@omhanye IeerEkigiot fiva@MErasd ahasuowdl furig beasianallayudi gh
probabi 1ty of detiection and, 2, [SasQ0R0Y, Quspr obabi Ity of Tal'se
20 If wireless data transfer services supporting Internet connectivity are to

coexist with wireless voice communication, it is becoming increasingly important to

optimize the use of available resources in wireless CDMA systems. Frequency re-

use and dynamic traffic channel allocation address some aspects of increasing the

efficiency of high performance wireless CDMA communication systems, but there is

25  still aneed for more efficient utilization of available resources.

SUMMARY OF THE INVENTION

One way of making more efficient utilization of available resources is to
ensure the resources are allocated in an error-free manner. For example, a base
station should not allocate traffic channels to a field unit when a request for traffic

30 channels has not been made. Similarly, the base station should allocate traffic



- 5 - The teachings of the present invention are conpatible with

| XEV- DV systens and | -CDVA. systens, but general enough to support systens
enpl oyi ng vari ous other comruni cations protocols used in wired and w rel ess
conmmuni cations systens. Code Division Miltiple Access (CDVA) systens, such
as 1S-2000, and 5 Othogonal Frequency Division Miltiplexing (OFDV
systens, such as | EEE 802,11 a wireless | ocal area network (LAN), may

enpl oy an enbodi nent of the present invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10The foregoi ng and ot her objects, features and advantages of the
invention will be apparent fromthe follow ng nore particul ar description
of preferred enbodinents of the invemtion, as illustrated in the
acconpanyi ng drawings in which Iike reference characters refer to the sane
parts throughout the different views. The drawings are not necessarily to
scal e, enphasi schemstseaafitéimgvish acaersupbbeenBpde §8ehraeduag itadepy i nci pl es of

the inventi O,n the field u f\gben lthe'fﬁldahnﬁﬁt}ﬁlgﬁgléd%yghﬁg{o%gﬂd tra?f{c d@tangmmm cations

systemin which an enbodi nent e present 1nvention may be depl oyed;
Fig, 2A is a schepaniteodiraée am of a subsystem enpl oyed by a base station in

the communi cations gyskefpiiefiok! Granshi éé%ﬁgfatx{?argsﬂn%f tmerk‘?ot\é@e%}?&rhmﬁaelr everse

link signal 20 includes an indication a request to change
comuni cat i oAs 8¢igaesg request by ‘hFﬁ?O@eSPQ@W@e@ upl BVgOdPtEgr At bT rasipisBeess

executed by a sirahfBahh Q@lghfﬂltﬁk%% owm@a{étu@mhpﬁe Elngt is efhesfighar 3A 1S @
signal diagram of a bcEV-DV si gna with a first marker indicating 'control

hol d' and a sec®Ystse ik ko fhagncbae pspigney to Bereser agsgigingedptgpayioagsFi g. 3B i s

a signal di agr amndhe fel§ Bl HebhRis@onThik Fr@hﬁqe@ﬁ%ﬁe’%eﬁm eghiyof code
channel s having a marker in an assigned tinme sl|lot that |ndp cat es t hat the

field unit is refassdtddngode cHEmgE elyn? dshimilfiresatts o market yeteassecond Fig. 3C
is a signal i @gméno@thea&&*r&@fsaﬁmm%n@nﬂa%d&mﬂatmtaﬁadmﬁavr%&e l'ink signal

havi ng the indications; and -
requesting to be placed in the active mode. For example, the field unit does not
want to transmit data on a reverse link channel. Rather, the field unit requests to
remain inactive but synchronized with the base station so that the field unit can
immediately go active again at any moment.

15 In either case, the present invention improves performance for detecting a
signal having a marker, or indication, of a request to change communications states,
for example, by making a measurement of the indications to determine that a request
to change communications states has been made. In one particular embodiment, the
measurement includes at least two positive identifications of the request in a given

20 time span. The system may further improve performance by applying a difference in
power levels for a non-request state (i.e., steady state or ‘control hold’ state) versus a
request state (1.e., ‘request to change’ communications state). The result may
include a reduced number of erroneous communications states, such as erroneously
assigned or allocated traffic channels.

25 In one particular application, a subscriber unit provides a heartbeat channel
using a first code in a CDMA system in a heartbeat with request channel using a
second code in the reverse link to a base station. The subscriber unit provides the
signal(s) with a repetition and, optionally, different power levels in a manner that a
base station employing the principles of the present invention determines a request

30 tochange communications states with a reasonably high probability of detection and

a reasonably low probability of false detection,



Fig. 4 is a plot of signal-to-noise ratio versus probability of detection
that may be used in determ ning energy |levels of the indications in the
signals of Figs. 3A-3C 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON A '
description of preferred enbodi ments of the invention foll ows. The
cost of m ssed or erroneous detection of Heartbeat (11B) and Heartbeat with
Request to Go Active (I-I1B/RQST) signals is costly. If a false detection
occurs for H 3, power control commands and tim ng comrands used between a
base station 10 and field ternainal nmay be generated based on a received
code phase that is not correct. Thus, the'ﬁdwer control can be erroneous
and not based on the actual received power fromthe termnal. For the
request nessage, resources will be assigned to a user when the resources
are not needed, whi chb¢ kaehings qfghapisredivayae preyrompetibladithilsBYIPy, if a
very | ow probabiig f ta] [S,1 t ' of a
very hi gh Eb/ Noe}t]e%%gy@gelr(:a%% %g%&%b%‘gge%%ﬂm t%? t?ﬁépggﬁg?ﬁgg% E@H@%ﬁse
Transcei ver St at#Ems CEBT Symmynicalings peptocals used Bl wissdradiwiesless tonhrmuspteed of

detection is | eggdPOLEADNvisiBS Mullki A j E Lt ple
successi ve det e%?iI ons nay véﬁgéefl,lu_féw%ﬁ%gég I omggfsﬁégﬁ%?%%%g?#ﬁogag%af al se
det ecti on t o® be Cgheganal Frzguensy iRiwgion Multiplexipg (OF PN systasms, pichtasdERRf d) =

0.01 and if th ' QW £
and i r 88 e} 6&leicRDB kil deRWirk BL ,%P fcg%liﬁ?ng%ﬁgﬁgﬁ%@%%%e a

"Valid Detection"” is determ ned, the overal 00001.
This is | ess coBTFSpl i@ ection as the probability is nmuch higher to
start with. For instance, if the single detection probability is 0.9,
requiring three_25detections.|lowers the detection probability to 0.93 or

0.72, which is BRIEF RESCRIRTION QFHHDRRAINGS echni que is known in radar
systens, bujphas not TheRedbdflniBideNbSeADRAnGAL mmdbggagéebfﬁ}e'iﬂ&nh& and

| -1 B/ RQST signals and ot her communi cat'i ons systens and applications. It

shoul d be under ¥tbbrirrraset fpa thifolawing tErrRog iclpgestriptione f gsefepides of
signal s to whi chnbdBmbeachitRgsycafiod, BEiIRE@IENh tﬁ@éﬁ%@%ﬁ&i}iﬁ?&a@&g@@ﬁpﬂkﬂ ed

and are not intended to be limting in any way. - - ,
e reference characters refer to the same parts throughout the different views. The

drawings are not necessarily to scale, emphasis instead being placed upon

15  illustrating the principles of the invention.

Fig, 1 is a schematic diagram of a communications system in which an
embodimexit of the present invention may be deployed;

Fig. 2A. is a schematic diagram of a subsystem employed by a base station in
the communications system of Fig. 1 used to determine whether a reverse link signal

20 includes an indication for a request to change communications states;

Fig. 2B is a flow diagram of a process executed by a state machine in the
subsystern of Fig. 2A;

Fig. 3A is a signal diagram of a IXEV-DV signal with a first marker
indicating "contro! hold’ and a second marker indicating a ‘request to go active’;

25 Fig. 3B is a signal diagram of a code division multiple access (CDMA) set of
code channels having a marker in an assigned time slot that indicates that the field
unit is requesting a change in communications states;

Fig. 3C is a signal diagram of an alternative embodiment of a reverse link

signal having the indications; and



The signals to be detected and counted (1) nmay be successive-either in tine
or by a user allocated slot in a TDVA system for exanple-or (ii) may have
breaks between the signals but have a given nunber of pul ses, bits, or
other indicators in a given tinme interval. For a CDVA reverse |hl multiple
serial detections or non- 5serial detections may be used to qualify as a
system | evel detection. Further, the systemmay set a different power
control target versus a detection target, which neans that for a | ower
transm ssion power, integration tinme is increased to increase energy for
detection. For a systemthat uses tine slotés, the system may incl ude
intelligence. to nonitor successive or non-successive tinme slots for the
given user. In 10 addition, the system works on gated and non-gated

si gnal s. The Fig éif eplencksidgralrel-naife tatevdraaptdrantisy oSddtetivy édt as a

cl assi cal RADAR ecti.on problem To thi d,. t.ne. benefits are.pade

possi bl e based gl%gtbﬁél s?fglgrdte{?gﬁ%ﬁnggtlﬁvea?snog%ed@ 8%1038”1 SEEFS P ﬂ}gﬁs’bei ng
denodul at ed as BA-3te case with the Dedi cated Control Channel (OCCH-1) and
Slotted Control Hold Mbde (DCIITM in 15 COVA technol ogy. Fig. 1is a
di agram of an exanpl e comuni cati ons system 100, simlar to the system
descri bed abtve PEINILED DESE@RPOIONONERE DIVENTEODY esent i nvention. A base
transceiver station (BIS) .25 wi.th.antenna.tower .23 .maintains wreless
communi cat i ons Iinks§V$%%u%ggﬁ%%Fﬁ§%8fﬁ@3PPF§§5¥a?f%qﬁgﬁ%ﬁgg“ﬁQa, 42b, 42b
20(col l ectively, fiellde cost bEmibRd asreohans detSunh ofifieaitess(HE)od Hergbeat

est abl i shed bas S RF9UL : r | nd a
reverse |ink 65%%\%2%@?0 h%g%gggé g‘%/%{l on glg’ﬁ%%ﬁ%? ?tgl g&u%% getﬁ&z&gégﬁgl i nk
65 6r 70 is typfed.porsdeoniyl efmmendsrand tindng comimands vyed detWenk abheerstrbs 55
and several (} ogbﬁ@hem@é{%@aaﬁiaa%% pERARED 30Ol o FEIRELLIAY Shis cRRAS ENOWN, e
comruni cati ons system 100 supporfs wreless conmuni cations between an

i nterface 50 an€PEechdibnorthke DOver Pl a7 he errdpeotterdaridbanet ¢nstha apal i ¢

Swi t ched Tel ephangNepwWedrie dPBE Nrdfa) ORI 8EueREh WOk, resdigtsagiIbbe | nt er net

or intranet. The [nterface 50 is preferably coupled to a dital Processi ng
devi ce, such as?%'398¢ toabssr WBFRUE e7sorses W hAgierwrd: VRFRAEHY B Wastan access
unit, to 30 provdpdeityM rel ess access to the network 20, Consequently, the

portable -8- conputer 12 s.access to the.ne rk 20.based on

comuni cat i @%s over 'graéﬁﬁﬁgﬁ'aff?aov ﬁ%{)‘?ﬁbﬁﬁr 81: %Fgam‘éﬂ?d‘ MTFRITEEL 2gat a
links. In a prefeguir@en® 6D diryauyh, EH/Ne (if or wiegh-parbit pehadinad«nsi6f) tavcholdever se
l'i nk '

at the Base Transceiver Station (BTS) is imposed. As an alternative, if the speed of

detection is less important, as in the case of the HB signal, multiple successive

detections may be useful, This allows the probability of false detection to be greatly
20 reduced.

For instance, if the P(fd) = 0.01 and if three detections in a row is specified
to be made before a "Valid Detection" is determined, the overall P(fd) = (0.01)° or
0.000001. Thas is less costly for detection as the probability is much higher to start
with. For imnstance, if the single detection probabiiity is 0.9, requiring three

25  detections lowers the detection probability to 0.9% or 0.72, which is only a slight
reduction. This technique is known in radar systems, but has not been used in this
application for detecting HB and HB/RQST signals and other communications
systems and applications. It should be understood that the HB and HB/RQST signals
are examples of signals to which the teachings of the present invention may be

30  applied and are not intended to be limiting in any way.



channel s 55 are defined in the comuni cati ons system 100 as Code Division 5
Mul tiple Access (CDVA) channels, That is, each CDVA channel is preferably
defined by encoding and transmtting data over the channel with an

augnent ed pseudo random noi se (PN) code sequence. The PN coded data is then
nodul ated onto a radio frequency carrier. This enables a receiver to

deci pher one CD1VI. A channel from another knowi ng only the particular
augnent ed PN code assigned for a 10 given channel. In accordance with an
enbodi ment, each channel preferably occupies a 1.25 MHZ band consi st ent
with the I'S-95 CDVA standard or 1xEV-DV standard and is capabl e of
transmtting at 38.4 kbps. A forward link 70 includes at |east four,

| ogical, forward Iink channels 60. As shown, this includes a Pilot Channel
60PL, Link Quality N&Bagﬁﬁﬁenibe(d@aed]ﬁd@hmmnxﬁmbe qacishige-ehanmetme0P0 and
multiple traffic.channels 60T e reverse includes at | east
five |ogical cHARKE STSEocaid dotdnA rrp%ﬁssyg% HeeTp %%raé’t)géagth %‘i%ﬁ%ﬁy
channel 55HS, hﬁavéebemsxmmshawgwa;mhmaﬂeﬂp%ﬂ% @aees indidasniala 55A
and rrultlpletrafflc chann ner a e, rever l.i nk_channel s 55
are sinilar to&#H& tf‘%‘?’ﬁ/gcﬂf? fc’r‘iﬁ%@\’egseéﬁ&e?@‘@ﬁ eieﬁglt&géieﬂn% "PBverse
link traffic Cha&ﬂﬂ&icteﬁ@&xs&@d? t&uﬁwotqumfyl aalalsgstﬁﬁueazewemﬁoﬁrmmn& thekbps to a
maxi mum of 160 kb ansmtt% bet ween %%e base station 25 and
(ol d unit 42a PYBFERI § HaeaLr eNE GHRE AP BT hRGRSHRE Ak SBER as wab
page data. Basefeas tHahfor alldma:tahﬁﬂlsﬁfm ﬁwvér; plegratibatifieds Hasasnalts idereatche
reverse link 65 or for lz‘n h‘%ﬂ data1 %5 tra sfer ratlecge can be
achieved in a pAFE P fecf’?rh OB‘E B HEE & fhie(g FE RS d unit
42a. Hovvever snmﬁgexbdweo hicglter suntcssveldr mmmnpedessifeoimdsintvibithb gadeh oatlh on, a
field unit unti | ources, are free to be assigned

ggg{ re o
traffic cha neI on’ta%%ﬁ'ssg)rﬁniwg&a Pﬁa%ga?o e stgnals, Bef ore di scussing an
exanpl e detector sysihentéfdrgnoo2gvel biathe beatibbas issledvddms3ClabsistliRgDABh a

heartbeat from g, eQﬁ(FH %rlgg%ms% s %Hn%sot 908 0ua d@pgsib?c b%kf? &%%Ihgm@g

exanpl e signals w cusse PR rererence t
In Fig. 3A a uEy Bingidpeated] 60harizn being demotwlaing s mttbdcasyv&umehaﬁ eld unit

|s shown havin t ' -
Tequest to go Ritree il Gl GLRED o SFM By AR BISPL B
‘control hdpbd' @Mﬁéeql@ﬁlogme signal 160 does not i ncl ude a 'request to go

active’ indication. s ol NefeMRldit dhfpskonaholORREOBL TR |l o hell € OF

‘control hold' state,” whic cat es t a 1s not
requesting tr afsfitemchinhed apovy, Weipmew@s‘tmh@lg@t atthe veesotinteptidry @ liage an

I ndi cation that,hde: b &L&n'-tﬁ'rb) !z§w§tﬁ%h%§£a!t89e}2% hiaRsuddaga on a traffic

channel over a reverse he traffic state 175,
traffic data |§0¥Wﬁ§ﬁilqﬂt5é@kfb‘y’lth ﬁ@hquémépralﬁmof ﬁ@idtuﬁés 54215 JRP owi ng

transm ssi on OfcdiR&ife2EblGndalB) QUsswit BRcK S%eleSBinkk Rle cstaB8snbd badegnal 160
reverts back to the 'control hol'd state 165 foIIovm ng a transm ssion of a

'data transni sEPHhICERFCRETESSYIAPRO hipr V&N diRK) Y and a Teverse Link 65 between the
base station 25 and field units 42. Each link 65 or 70.1s typically made up of several

logical reverse link channels 55 and several logical forward link channels 60,
respectively.

25 As shown, the communications system 100 supports wireless
communications between an interface 50 and a network 20. Typically, the network
20 is a Public Switched Telephone Network (PSTN) or computer network, such as
the Internet or intranet. The interface 50 is preferably coupled to a digital processing
device, such as a portable computer 12, sometimes referred to as an access urit, 10

30  provide wireless access to the network 20, Consequently, the portable



Al t hough shown as a single signal 160, it should be understood that the
signal may be nultiple signals, optionally coded with orthogonal or
non- ort hogonal codes into nutually exclusive channels. For exanple, the
"control hold" state 165 15 may be transmitted on a different channel from
the '"request to go active' state 170. Simlarly, the traffic data
transmtted in a transmt state 175 may be on a separate channel fromthe
other two states 165, 170. An exanple of nmultiple channel is discussed in
reference to Figs. 3B and 3C. Fig. 3B is an exanple of an Internet code
division multiple access (I-CDVA) 20 signaling diagramthat has assi gned
time slots for users 1, 2, 3,, Nregeating in epoch 177a, epoch i +1 | 77b,
and so forth. The channels are conposed of the heartbeat channel 55H,

request channel 55R, ?Qd traff%c cha a&%; 55T. Each .of these channel s has
an associ at ed EYYRIE!2 haggcoesdot ?ﬁe,t(’fi\llr,; G EPTBRAGRA'E X 0 be transmitted

on nutual l'y exebditshatien efade: hahiarirebsd wiBotddatahigkd ransm tting and 25 receiving
systens process thﬁﬁin;%% tﬁyg.%q %hg CQfﬁgehg ﬂé gsiqg,ghﬁ codes to
separate the infor maf PSI FEIREEMeY ety THE S THRP R (TR ¥ pi cal  cOMVA
nmanner . _ birntdres Sexairphed ishovdmmuisetioss dster? 100as Code Bividicar € requesting to
el D 0 Sh ko QSUPARR BYAle Bissans, A, sl 100 n (he
a reverse |inkddfaseld coevdamgshdmmbmiBng 8Baoventht dhenrrebgitestaughangdel 55R in the
first epoch 177a, ,a signal b in the regyest Eannﬁ%nSSR in, the second
epoch 177b, an&w%EgsF%ﬁ?°%a@???€ﬁ§ﬁ“@%bchs. F%wg 82 PP grocuiqel
onto a radio frequency carmier. This enables a receiver to decipher one CDMA
channel from another knowing only the particular augmented PN code assigned for a
10 given channel. In accordance with an embodiment, each channel preferably
occupies a 1.25 MHZ band consistent with the 1S-95 CDMA standard or 1xEV-DV
standard and is capable of transmitting at 38.4 kbps.
A forward link 70 includes at least four, logical, forward link channels 60.
As shown, this includes a Pilot Channel 60PL, Link Quality Management (LQM)
15  channel 60L, paging channel 60PG and multiple traffic channels 607T.
The reverse link 65 includes at least five logical channels 55. As shown, this
includes a heartbeat standby channel 55HS, heartbeat request active channel
53HRA, access channel 55A and multiple traffic channels 55T, Generally, the
reverse link channels 55 are similar to the forward link channels 60 except that each
20 reverse link traffic channel 60T can support variable data rates from 2.4 kbps to a
maximum of 160 kbps.
Data transmitted between the base station 25 and field unit 42a typically
include encoded digital information, such as web page data. Based on the allocation
of multiple traffic channels in the reverse link 65 or forward link 70, higher data
25  transfer rates can be achieved in a particular link between the base station 25 and
field unit 42a. However, since the field units 42 compete for bandwidth allocation, a
field unit 42a may have to wait until resources are free to be assigned traffic
channels to fransmit a data payload.
Before discussing an example detector system (Fig. 2) that can be used to
30  distinguish a heartbeat from a heartbeat-with-request signal, a brief discussion of

example signals will be discussed in reference to Figs. 3A-3C.



epoch 177c, the BTS 25 has detected the request to transmt data based on
the two consecutive indications 185a and 185b, Follow ng receipt of an
acknow edgnent, user 3 begins to transnmit traffic data 190 in an associ at ed
traffic channel using code C5. In an alternative enbodi nent, the BTS 25 may
require three consecutive 5 indications 185a through 185c before

determ ning that a request is being made and acknow edgi ng sane, Fig,
3Cis a nore detail ed signal diagramof the 1xEV-DV signal of Fig. 3A that
is used to indicate a '"request to go active' to the base station 25 from
the field unit 42a. In this enbodinent, the 1xEV-DV signal is conposed of
multiple signals 10 on di fferent | ogical channels: a heartbeat channel 55H
and a request Challn:t% 5R _The heartbeat channel 55H provi des conti nuous
tining and ot her fgo?"h’étt ﬁ@h%( Vesigpal 160 Bglepay e resmitted byctht B9 witts on, etc.)
fromthe fi elsﬁb\umatmglﬂ&eH@txﬁch&amaﬁem%ﬂbmﬁa@565 d heubd @ & et 42a uses the
request chan a regue i "1") of the base
station 25 tgg;l!reel%t_;esciadamai 0 T challls:i% Conﬁ()]thhlg ﬁ?aé?/gss ‘ﬁ’hail@fu f or
15transm tti ﬁg@sciattlep udSar‘rpdmehgo 40 aqrg’ ﬂz%ea:pn 198y $B5HE, tfccsidnbielcdi vel y 195)

denot ed by ar. di ¢a I, th TS 25 sanpl es
the tinme gl otgsn%\(()}ﬁ Ilt%eld%eglué%!tt%??d@ a{eg@ﬁg ﬁd(’,sﬁ)teg%tawgéng{]? umg{ e hear t beat
channel 55H 9 "¢etséphiraiec Whé&heaeqteﬁﬂwtﬂﬂﬂersw@ t7ﬁa§f@|lm®h‘ahnel i s being

made. |t Sh0U“adh@@eldﬁﬂﬁe{1$<§LQthgttcht@ﬁtnsrhlh(ﬁta%qa%@ﬁplc}!aﬂﬁ}:lB@e\{a%grjsg over the
entire tine al ot 1t her eof Al so, the heartbeat channel 55H and

request chanf¥l ‘Ogtgp%“ﬁ&z IPrﬂteﬁréﬂ e ytale) &) ]G dadrmsmitediby tis Beldar t i cul ar
enbodi nent , snntrbheBﬁ‘armlllbhggnmsp)emﬁmfmfedraﬂm ditheier thetﬁvbl@el link, @xcl usi ve code
channel s %SH articul ar

\ n t pf t | n .one
embodi nent , Sﬁggl%’srgveg% L;tcmc’t iﬁon g cggtat?r:lj%ef%?qwmgea SRR Efbde channel s
55H, 25 55R |dh1atlﬁfr$e11881plmosﬂpdﬁ@sstgtnétoetttowjr request indications, such as in

time slots at sanphifid stowdBSa $9Dsierk OB A0S, A3k these time slots,
the heartbeat chanriedé %514 |§ g?ngQ';tgcn tive' ”Sﬂ{}' ﬁeers’r@ﬂuieagglechannel 55R i s

"active", AsSHPSEAYLSE iglssipaals openalgadt it ﬁ”‘tolﬁ@ta* %r@@tlve“()gp@mest tinme

slots rray becodes mtﬁﬁd:tﬂaaj‘c @Qlu@iﬁg&ﬁgﬁﬁs Bdr eﬁdrtﬂ'ﬂw bhe CRABE nBidk Qbte §Ségna| s with no
"bits". T]gus tect on, 30 olely on the respective energy

| evel s of thie1 tat‘ﬁ]élg‘td Oaﬁdinﬁ%eétt‘%@’ﬁfmm tw“%ﬁ@@é‘tt’vsusgaﬁd|7e in respective
time slots cﬁnerlara Q¢ vehc datareinsomtt@riv atranerhit S@am’ﬂnﬁl@ bsev ekephraei Me i ntervals.

| n one part Icq:l ngirfomgﬁh%]’%pé $tat£shl%5 198%11 examp ¢ fdmu t.lpt]e %hgilrg?S | ndi cation has a

first energy evel guéest "to go S RRE: %70 has a second
ener gy | eveldiscBTadan tsfsacede Bigk. éﬁé@@@my take advant age of the difference in

power |evels in agddig i @Nexample of an Internet code division multiple access (I-CDMA)
20 signaling diagram that has assigned time slots for users 1, 2,3, ..., N repeating in
epoch i 177a, epoch i +1 177b, and so forth. The channels are composed of the
heartbeat channel 55H, request channel 55R, and traffic channels 55T. Bach of these
channels has an associated code C1, C2, C3, C4, ..., CN, which allow signals to be
transmitted on mutually exclusive code channels, Both the transmitting and
25 receiving systems process the information in the channels by using the codes to
separate the information respectively included therein in a typical CDMA manner.
In the example shown, users 1,2, 4,5, 6, ..., N are requesting to remain in an
idle state, indicated by the presence of a signal 180 in the heartbeat channel 55H.
User 3, however, is requesting to transmit data over a reverse link based on a signal
30 185a in the request channel 55R in the first epoch 177a, a signal 185b in the reguest
channel S5R in the second epoch 177b, and possibly additional epochs. In the third



to the repetition of the pulses used to indicate a request to go active.
For exanple, in this particular enbodi nent, distinguishing the two states
may be a matter of measuring energy levels of the signals(s) and (i)
conparing the energy |levels against at |east one threshold or (ii)
determning that a request is present, optionally in a 10 nutualiy

excl usi ve code channel in tinme slots when the heartbeat signal is at a

| ogical zero. The different energy |levels of the indications may be

provi ded by the duty cycle of the signals, frequency of the signals, power
of the signals, signaling structure, and so forth. To understand how t he
energy levels of the signals can be.jused to i nprove 15system perfornmance,
one can refer to Fig. 4" which provides a chart for selecting signaling
requi rements based on the follow ng parameters or factors: (1) probability
of detection, PP#¥p TR BRBIP 25 pisidpteddddgiatquesd loriohgwt dast Hagedion tderad bel s
(y-axis), and (ch t I ves in the
chart). This chax‘;s'lteaugﬁ{)ﬁg@%ur‘éel%?%ggg gﬁg%%gg&%{gfgeanraé{n?%leéﬁ% the i nput
terminals of a'y ﬁéa?fmsrf%&@qsmitéfﬁfﬁdé%tet%)@tr anggsogiatpdiaffi¢ grnneR@irgfcoger obabi ity
of detection far & SlfgheiPubsRind HOpEHS: hal 3 n@'tﬁgeruop{es)&? i 1ty P (Td) as
a parameter, calculated for a non-fluctuati ng oul d be

under st ood that"dirtices h%ftaﬂl%@igbdﬁ%zr?e@@rdstemnmm@t@rr@;umays beimg med&thnt 0 est abl i sh
or define the ggka@@gagtlggesgmpomer | evel s of the indi catl ons. At the circled
poi nt 200, the sigial-to-noise ratiois 3 dB, P(d) = 20% and 25P(fd) 1 A
To increase the prdib%ﬁpllﬁ%lyoréfjet@iéﬁ gene| @W%‘?fth%ﬁ§d??é81mad)bﬁm BAty of fal se

det ection, oneuwsiigMe 18BES: 4 Peqddl §0 16 %cﬁ&ﬂa@éistmh 9% soQGheyRiyar d al ong the
sanme pr obabl i t%t of false det ectl on curve, which ggest s that an increase

in the signal - t8-96i $enif grhogimest the deF \tBVi sy éncemageed efmigénis vgnslance and,

thus, inpromi ng alhaedtlidg%ndﬂ%@hstb@ﬁnﬁeﬁ%hernﬁalsﬂ%mﬁd r@cﬁlﬁkt Minhd; she det ect ed
qui ckl y.. 30Be ,I;ore rovwﬂ@% an exanpl e nodel and di scussion regarding

exanpl e Hear t b&%t" ﬂé%ﬁ‘d“lﬁé’é‘ﬁt‘%’é%m&éﬁﬂl‘éé@@ indermiaien (881 ERA ener gy

| evel s for thepower k2l -syR%RABLRN CRNIURI Kt QRS 4§y@&}eerﬂaée%n£ﬁsg 1), a brief
di scussi on of 1ahefj'eocessor and detector that may be used in the systemis

now provi ded, 1d upjt 422 usg thegreaped ehvapphf IRcto gnakiieauesif(c-g adigie lidst - det ect i on

processor 110 df$R@adeQtatlet B 1HtALsWRITNR@hanh8n tHe Sdvehrstifiid 65452 has requested to
send dat a hg the BTS 25. The 5 receiver Rx 35 receives signals 55, which

i ncl udes t ﬁ?f’?ﬁlglﬁ‘é #& channel 55M traffic channels 55T, access channel

55A, heartbeat st agaipinghagnebs, 5&5@ 2, 198M16bIIBRREIY PEALerdoREWestovRCt | Ve channel
551i RA. The S|”<1:1C{1Ca roces such that a heartbeat channel processor

112 receives theé Lfé‘&?’ef Be ‘5‘?’”@1?5 ﬂtet%rr?r?élsa‘@%qs@eéw skt f thesemuest hannel
processor 114 siged 65X e, blirndigand Redea ReaNa St AdctcuBine Rednel

request for a traffic channel is being made. It should be understood that the

20 sampling may occur over the entire time slot or a subset thereof. Also, the heartbeat
channel 55H and request channel 55R use mutually exclusive codes, in this
particular embodiment, so the sampling is performed on their mutually exclusive
code channels S5H, 55R in all or a subset of time slots. In one particular
embodiment, the base station 25 samples mutuaily exclusive code channels 55H,

25 55R in time slots designated for request indications, such as in time slots at sampling
times 195b, 1954, and 195f. During these time slots, the heartbeat channel 55H is
“Inactive”, but the request channel 55R is “active”.

As discussed above, the signals in the “active” request time slots may be
modulated messages or simply coded pilot signals with no “bits”. Thus, detection

30 may be based solely on the respective energy levels of the heartbeat and heartbeat-



10 55HRA. The heartbeat channel processor 112 and request channel
processor 114 include the sane processing elenents, in this particular
enbodi ment, so a discussion ofjust the heartbeat channel processor 112 wll
be provided for brevity. The heartbeat channel processor 112 receives the
hear t beat standby channel 1555HS. A correlator 115 uses a despreader 120 to
despread the heartbeat standby channel 55HS. An integrator 125 is used to
coherently conbine the heartbeat signal. By coherently conbining the
signal, an integration of 1, Q and its phase causes the phase of the signal
to be renoved and output the power of thejgi.sal. Follow ng the correlator
115, a rectifier 130 (1. e" absolute value of the 20signal squared)
rectifies the power of the signal whi ch is then integrated by a second

| ntegrator 135 digr-pabeut S R08Y Ol BEer a3 Rt a@&%@‘gﬁapﬁ%g“?'-

The second |ntegrator rOVI anon- co erent co nation, o si gnal ,
which is cal cul&t&d t@@%m’ﬂ%’hﬁﬁt t| me intervals. The non-coherent integration

provi des st MOnbLHEIES kha! BEdaBhh VAL oL A TR Gl o8 s i8R baich S, cauSi ng

a cross-over of the 180-" 25degree phase poi nt can cause a |gU|t|es
i n det ermi ni ng ArReener® rlg‘gﬁl,c%fndﬁ?er%mlg&ﬁm ga nUVhestaafbbm a@f:ccmld@nﬂgme&dher ent

conbi nati ons Th&e%&@ﬁ&ﬁr;n Bg)nﬁ)ﬂékg'g S%t??efaérfot%@ﬁ@%ceoﬁ C%? 112&&8}, SBassor

heart beat energy |evel e out reques
114 is a request ﬂm@pwon@we pulseheedto nlieste aeemegto ge\aethxse Fmﬂ:xhﬂﬂps in

particul ar eangis fculgl- &nhc?cgm &s&?%ﬁ%ﬁr%ees&% sga?es C re alégﬁ?vgl ch

det er m nes whet he heart beat request sig nei signal is
in the signal 5'5345@@& WCBYH?Vqth}f tbesenaé&(étan@)ﬁ) @ﬁnparméﬁshe energy levels against

at least one threshold or (ii) determining that a request is present, optionally in a
10 mutnally exclusive code channel in time slots when the heartbeat signal is at a
logical zero. The different energy levels of the indications may be provided by the
duty cycle of the signals, frequency of the signals, power of the signals, signaling
structure, and so forth.
To understand how the energy levels of the signals can be nsed to improve
15 system performance, one can refer to Fig. 4, which provides a chart for selecting
signaling requirements based on the following parameters or factors: (i) probability
of detection, P(d) (x-axis), (ii) signal-to-noise ratio in decibels (y-axis), and (1)
probability of false detection, P(fd) (curves in the chart). This chart shows a required
signal-to-noise ratio at the input terminals of a linear-rectifier detector as a function
20 of probability of detection for a single pulse, with the false-alarm probability P (fd)
as a parameter, calculated for a non-fluctuating signal. Tt should be understood that
alternative parameters or factors may be used to establish or define the transmitted
power levels of the indications.
At the circled point 200, the signal-to-noise ratio is 3 dB, P(d) = 20%, and
25  P(fd)=1 %. To increase the probability of detection for the same probability of false
detection, one simply needs to slide the circled point 200 upward along the same
probability of false detection curve, which suggests that an increase in the signal-to-
noise ratio is used to improve system performance and, thus, improving the
likelihood that the request signal will be detected quickly.
30 Before providing an example model and discussion regarding example
Heartbeat standby 55HS and Heartbeat Request Active SSHRA cnergy levels for the



The output fromthe hypothesis detector 140 is provided to a state nachi ne
145. The state machine is used to determ ne whether the field unit is
making a 'request to go active' according to a given criteria, where, in
one particular enbodi ment, is a neasurenent of the output fromthe
hypot hesi s detector 140. 5 Exanpl e neasurenents include counting the nunber
of consecutive request signals, neasuring a ratio of heartbeat standby
channel signals and heartbeat request active channel signals, counting
heart beat request active signals in a given tine span, and so forth.
Further, the hypothesis detector 140 and-the difference in energy |levels of
the indications inproves system perfornmance, but are not required for the
present 10 invention. In other words, the heartbeat standby channel S55HS
and heartbeat rEguRlscomEniatierrsirer 188 (Fig R) aluiel Bscpsivoad sothedispead y by
the state machi 1; Dt,h& d;ebd unit 42a is requesting
to go active. I\C}Etr%gt%ggagli%ﬁg?g%@o@%&gg&%ﬁ%w natngg%escri ption of an
enbodi ment of the st éAnaelitlrmatidgiagtam afts requsatrdetectibrmproessisordi lamtd, tot he
state machi ne £k f ' . npl e of
a process exeCtjjit% %8(9 @E%ﬁ%@e@%}%ﬁ%ﬁ mac %zrralg%l %$fg%éé€%%§id§£aggg%eBz@f]zse'ﬁe Fig.
2B is an exérrplr@cf‘lebéxéﬁa@eéwﬁéifgn%lhéSﬁtbéﬁbénﬁadﬁmthﬁanm*@naﬁﬁwhmmM state
mechine 145 st £k dinSePs RAB0NINSS 1L EA0 LORRIOCEIIRI -0 D001 s UP. "
In step 210, the state machine 145 inifializes counters that™ are used to
determne if aleEthieticaudsbertivashaneliisHRe. Thasignad§5395roceshed syehathet arachi ne
145 1 ecei ves 1 Iiga@ithPitln el 8RCLG: MROLAGS 0D WBLRE! Qnald Bl 51000, UP.
the state machine 145 may act as an 'interrupt service routine", beginning
in step 215, uﬁwe?téém{pmesmyl 14ueqsives the Sleatthrat Reqresthestive chiamelct or  140.
The countens aseulacared (i.e., set to zero) upon a determ nation of a
detection or a non-detection to reset the neasurenent process 25 without a
re-boot of the det edtf Berrbeaicdadst progesordd2 apdteguestehantl prpcessor 114
Fol | owi ng r eceiiffiudeithd &encqsbidting E1emEAthen WMM%%&%{TQ Lo A4QcsBost €p.
215, the state rf’rach%ng 1%5 d%t erm nes whether the output of the hypothesis
detector 145 i §* &S Bghertoestchgunel progersrrdd2 pall heparided éenbrevi®y. yes, "t hen t he
state machi ne 145 cOBé héw®SsatiRasleBprodAtbriln2 Wakiehs Be HobBeid PRAISOUALSS 1S

IS compare %gal nst a

i ncr enent e(ii I?ﬁéggg 24Ei’ t he detection 3Q _counter np

t hreshol d. '1f deCETEPBR T COHE & PeEieede d<l fndespisp bn beatbeph@anddy n st ep
250, thef st at ecm?aiml Sl 4% iﬁﬁ?&f&?%ﬁisﬁ:@&cﬁ@bb@?sz@l@ o@xﬂbrzﬁqyegémb&t sigadl- 93
active' fromthe field unit 42a, t he detection counter does not excee
the threshol d,gt*fﬁgh‘”F’ﬁQ” f‘g’t“é“‘%ﬁ’@ﬁiﬁ’i‘&l’ Tigtogrtian AL badiisphoserausid fai ts to
recei ve anot hephasebite sighainn bh eeryieo bhesins del Redobf thd@ign&lont i nuing to
refer to Fig. 2B, i i.n step 220 out.put. .aof . t he hypot hesi s. 5 detector
140 is deternined n% uo%ngb{éleémnééf&ﬁigﬁa,rec%“ﬁarnnﬁﬁéesta‘éstc’ Ty H??léth‘i45
continues 3 stigm! 2@&red) necsifiepth? Pbwert dfehest @ialb Wit ften 1dberh@6 bg ABRbEd a

non- det ecti on integrator 135 to calculate the energy of the received heartbeat signal. The second

integrator 135 provides a non-coherent combination.of the signal, which is
calculated over short time intervals. The non-coherent integration provides just
magnitudes if the terminal is moving too fast, thus causing a cross-over of the 180-
25 degree phase point, which can cause ambiguities in determining the energy of the
signal in the absence of the non-coherent combination.
The output from the heartbeat channel processor 112 is a heartbeat energy
level, and the output from the request channel processor 114 is a request energy
level. Each of these energy levelg, in this particular embodiment, is fed to a
30 hypothesis detector 140, which determines whether a heartbeat signal, request
signal, or neiﬁ;cr signal is in the signal 55 received by the base station 25.



counter. In step 230, a determnation is made as to whether the

non-det ection counter exceeds a threshold. If yes, then the state nachine
145 continues in step 235, in which the state nachine 145 reports a
non-detection of a 'request to go 10 active' by the field unit 42a. If the
non-det ecti on counter does not exceed the threshold, then the state nachine
145 continues in step 215. Fol | om ng steps 235 and 250, the state
machi ne 145 clears the counters in step 255, allowi ng the state nachine 145
to detect future 'requests to go active' by the field unit 42a. In step
260, the state machine 145 ends. 15The detection counter is used by the
state machine 145 to determ ne how.pmny indications of a 'request to go
active' have been received by the detection processor 110 according to a
given criteria. The criteria can be of any form including a given nunber
of consecutive detd@pbwwsﬁoatgﬂvemhmhdh@ﬂ"éﬂ”dsbédﬂhmeMbnmaﬁgﬁven tinme
span, or a ratyg %eggtggl%hln%rﬁusg toiaa g&lér% red’%lmt?sma l,ye non- 20
counting based measurenent enp oye ernlne ﬁﬁether a request
is being made iresugdtoastabtive, %guéhgBggwgagmrmn@wthOpha$®UGf t he request
signal s r I [ di ments of
us?ng countersag%dggﬁgFqggg?ggggxﬁggggghﬁggd%}&&ﬁﬁﬁgg¥§¥§q%§chlne 145. For
exanpl e, thé skEsme! emwwﬂlﬁ@@mﬁmﬂwg@ thetopaber pff@ef@s@lvv‘: Feguest signelm- count er

variabl es, or tqgéa@rrng%trﬁ;a%aﬁgn%M&ycggna%%%@egg%ﬁmweg&%t @r determ ning

a detection. Further, rather than recei ving m t he hypot hesi s
det ector 140, ¥HEC| gl cowntiopheagheatraiuns etivhgenplgs myents@wrsaw, @dta fromthe

heart beat chanpebuPFARRS SR hydokiesi betbc W Shd %@@Hf@x"ckce% %Fggﬁ%s 4. Further,
in an alternative enbodi nent, the state machi ne e Included in

conbi nati on wtf‘ﬁmﬁ‘ﬁ%lohyﬁ’@toﬁﬁsssb’%md@ffé@tame b ge notfeqmed—for the preseRef er ri ng agai n

to Fig. 2Argi nnadgint 'I@&hér@vok@'tﬁ%el&%at%&%%c%ﬁmﬂ% al‘x&ﬁeahgeaﬁl%&?egtt ain wth
hi gh probablllt whether the field unit ais nmaking a 'request to go

active', the HYPSthwSFlsSHRASRY By Praceered dreglfydy theristeayashine 145 telet er ni ne whi ch

signal (s) Is/@a{eempwmpt,heha@uth@tsh&fﬁ&sﬁngetg@%c?é M@ dakipg! udes | ogi cal
functions. For exarrggl inth particul ar enbodi nent, the hypothesis
O\gm

detector 140 E&Y4f ﬁﬁfi%‘;f’“l’é’ﬁ’é?fg’?e‘l“WéW“f‘ffr”é@Fi‘éﬂW"h’ga?‘ﬁst the first

In this particular embodiment, the state machine 145 outputs a Boolean true
15 or false signal, An example of a process executed by the state machine is depicted
in Fig, 2B.
Fig. 2B is an example flow diagram of the state machine 145. The example
state machine 145 starts in step 205 when the detection processor 110 “boots up.” In
step 210, the state machine 145 initializes counters that are used to determine if a
20 detection has occurred. In step 215, the state machine 145 receives the output from
the hypothesis detector 140. After boot up, the state machine 145 may act as an
“Interrupt service routine’, beginning in step 215, upon receipt of any output from
the hypothesis detector 140. The counters are cleared (i.e., set to zero) upon a
determination of a detection or a non-detection to reset the measurement process
25 without a re-boot of the detection processor 110, as discussed below.
Following receipt of the output from the hypothesis detector 140 in step 215,
the state machine 145 determines whether the output of the hypothesis detector 145
Is arequest (i.e., ‘request 1o go active’). If yes, then the state machine 145 continues
in step 240 in which a detection counter is incremented. In step 245, the detection
30 counteris compared against a threshold. If the detection counter exceeds the

threshold, then, in step 250, the state machine 145 reports a detection of a ‘request to |



energy level (i, e., heartbeat energy |level) and conpares a second energy

| evel threshold against the second energy level (i. e., request energy

| evel ). Exanple energy |evel thresholds agai nst which to conpare the

heart beat 10 energy | evel and the request energy level are 9 dB and 11 dB,
respectively. The energy |level thresholds may he dynam cally sel ected,
predeterm ned, or applied in another manner, such as based on a transmtted
power |evel, which may be reported by the field unit to the base station

over the heartbeat standby channel 55HS, for instance. In the case of the

energy |l evel calculation and conmparison, the first and 15 second energy

| evel s may be dependent on occupancy4of tine slots in the signaling

channel (s) used by the signal 55, so the energy |evel thresholds can be
based on an expected or specified nunber of "1" bits used to indicate a
'request to go fActivgeorpe figd phttZe alf e detptigieospter dogs nop kel then i dl e node.

Use of the energynbigviin ddifshohAs 145Se@hSCURS 8D dnll wh&d t@rre%gvcuanoéer Pat ent

Application entitled "Transmttal of Heartbeat 20 Signal At A Lower Than
Hear t beat Requéstutirogythphpetiesis degetor g9, ed concurrently herewith, the entire

teachings of which @senlificOraQnaRg DGt BY, hERBRENGR: hypothesis AS di scussed
above, the output of the hypothesl's detector 140 is nmeasured by the state

machi ne 145 1t oSBT ﬁ@etﬁﬂ‘t’é’teﬁéi}”‘tB”cFFﬁt‘F@‘eﬂtel‘téhf’ssfaéﬁr%acb*Petﬁe conmmuni cat i ons

system Wwhi ch icgntihh® irs#@t285.0fh sleS YT, B8 sthtt Rlchine 8k 5 inGresBRNNGh ScBlWeEN 25t he
field unit 42a and the base station 25. For exanple, if the hypothesis

detector 140 d&PBIERi IREEP #Hat determinaling dxrpade g5 ‘@dh%\%@tﬁ}\?éo“ -dgiectign ~ send a data

transmi ssion oaomteeexrc&\dem@stdmkbyeh Sheb@ie@agtettﬁdﬁnemaswﬁmtésﬁls% unit 42a, then
the state nachug gl145 outputs a su%nal to a processor (not shomn) inthe TS
n

25 that is respon&iBid Boralsrahivai fgerers? ’Ef’drdftﬁ‘{iloéo%ﬁ‘iﬂdtsé‘io 822 with a
traffic channeMm55Byﬂhmcmmen@aitmmubama&ﬂb@dhﬂ&ﬂbanbh@w&@ﬂﬁTS 25 al l ocates
the traffic chghn%h aBT t he nunber of consecutive request sipals is
creterrnined t 8B {5 B SRS RN EWPIFRIYP A% er nati ve criteria have
been di scussed abowetmmagmqmz35mm@a)deaaémaﬁdmnmsue&ﬁh@aﬁﬁaﬁﬂaFlg 3C, the
heart beat chan 5 E ﬁcess r 112 q gst ch nneI rocessor 114, and

hypot hesi s det %té %@“%§§S%%”E8WP 3 Pé@mﬁ ¥ SPFAUCIER *h Vrdbiner t hat
nonitors an ocoupaneyt 4k Inistep 260, Ok Stad fRchideq4s fidi.cat e the request to change
connunicatl ns Sta&§<§FCn one enbod e detecting 5 includes

th
moni t ori ng 'Gccupan ?ﬁi‘tcﬁﬂtt?’flﬁﬁgcqyu@ls 5“&?‘6}6%‘3 URdndrdgine Bofth as shown i n

Figs. 3B and 3fany mdlcattoné\oxfze‘eﬂbﬁak gb afipe’ bnebedhevendd Hﬁﬂe Leceyypl oyed to cause
t he heartbeat chann g 112 and t %uest chanpel processor 114 to be
ﬁldp cCco 51§ tg {}a

"adaptive". FdT &R ! Y CHE Y oL UETe BASF LAY 8B of the
hear t beat Chamm&dtr@‘:'al-g,weh hﬂnlﬂe@oﬁcﬁﬁs@@[t@&de&moﬁtt aRived ninbver dfabtegioadipr s 125, 135

may be adjusted d the ener hol.ds ed by the hypot hesis
det ector 140 fi ‘@nImes??é%ﬁr%ﬁxt%ﬁm%ms&éVn TS a?ﬂeZHEhrtbeat and

request S|QﬁaMQmmagb%wémmmbeaampm&yedeMnEMEdﬁaedhadkdknaanwﬁhmer f eedback
may cause (i) , mgﬂﬂb secutive |red or a detection to

be i ncreased orm%ecreagoﬁg lf 3m?ﬂ5mﬁ8%§%360fhe FY Y% %d r equest

It should be understood that alternative embodiments of using counters or
other criteria may be used by the state machine 145, For example, the state machine
145 may use other process flows, non-counter variables, or other standard or non-
25 standard techniques for determining a detection. Further, rather than receiving the
output from the hypothesis detector 140, the input to the state machine 145 may be
raw data from the heartbeat channel processor 112 or request channe! processor 114.
Further, in an altemative embodiment, the state machine 145 may be inctuded in

combination with the hypothesis detector 140,



15 signals to be increased or decreased. Such a feedback | oop may use a
command or nessage to transfer information between the BTS 25 and field
unit 42a that includes information regarding the pul se repetitions or power
| evel s of the heartbeat and heartbeat-w th-request signals transmtted by
the field unit 42a. As discussed above, the first conmunications state may
be a standby state 20 and the second communi cati ons state nay be a payl oad
state. In other systens or even the sane ?éstenl t he conmuni cati ons states
may refer to other conmunications states, ‘such as a request to change base
stations, power control signaling, and so forth. The use of different
signal repetitions | evel s in sjgnaling as describhed herein is

r _energy .
applicable to wirel 5‘“’,1“9\5?%’H}tooFrlg-c;}ﬁ’%%qdlwﬁﬁﬂﬁpégﬁsﬁﬁ%méwfe%.m 25 In

ei ther case, thece@imRit BighpRISbItPHRIhdTaE R BSIEL 10 RIS RhudAbdo
conmuni cati ons systens. As al so di scussed above, the second €nergy

|l evel may be b&SRYF-Gwe Wretiegs delsriobisiis plsg cploded ecti on, fal se detecti on,

or conbination of balblicRsmeSeiSESshal (&g 1PEEFRISE zﬁ&m?o&esiéldctwoﬂ%er wor ds,
the field unit may transmt the request signal at a 30 given power |evel or

a given nunBer BHUGeEE fartiensy 87 amplepaiing gatisnlacemioganent, the 17 -

correspondi Ng SiyghtBesid @tdrHrS@0 rcéﬁ%&eé‘ 9&%&2@&@1%@&1&&&%?{%4 .hlts%. of
detection, false detection, or both as discussed in reference to Fig. 4, An
anal ysi s maybe F&8Y 136! Get- hepabaat encegyi lsslomd semerrenr sevanbererdficydlansni t t ed

i ndi cations, orhhiRld 2RdRaEK soRGHBMEMALISL HS aRH-RA ML, [ty be Senpl oyed in
t he commauni cati on_%&%%stemfor caus%gfg the field unit to change its
behavi or so as to havETPREFEY &b EhrifeAsaing s if comparg thelhesabesdns

achi eve a poedehegpiderhnditBdakmndsdentodSievd] ate 4B bS] 85, Q¥ipdingdt Mg desired
probability of detectio nd,.fal se detectjon paraneters. S| MILATION 10A
sinul ation for eﬁe’r%&é’ Flstg'm?]?cﬂﬁs %ﬁ%b%%ﬁlﬁw ! S?A%é?% Prefgiergiped epannlipk iy s
assumed to haven@baenamnen tidl asdaskdanhennihieal pehaneal, vficlanyy of rephteedexanpl e
Lypes s 28""” NGl Pinit s AL bahaST otef B 12l SO S oh L A0S K
instance. In the case of the energy leve! calculation and comparison, the first and
15 second energy levels may be dependent on occupancy of time slots in the signaling
chamnel(s) used by the signal 55, so the energy level thresholds can be based on an
expected or specified number of ““1” bits used to indicate a ‘request to go active' or to
indicate a request to remain in idle mode. Use of the energy level thresholds is
discussed in related U. S. Patent Application entitled “Transmittal of Heartbeat
20 Signal At A Lower Than Heartbeat Request,” by Proctor, J., filed concurrently
herewith, the entire teachings of which are incorporated herein by reference.
As discussed above, the output of the hypothesis detector 140 is measured by
the state machine 145 to determine whether to change the state of the "
communications system, which is the state of reverse link traffic channels between
25 the field unit 422 and the base station 25, For example, if the hypothesis detector 140
determines that a ‘request to go active’ (i. e., send a data transmission on the reverse
link) is being made by the field unit 42a, then the state machine 145 outputs a signal
to a processor (not shown) in the BTS 25 that is responsible for providing the
portable computer 12 with a traffic channel 55T, In one particular embodiment, the
BTS 25 allocates the traffic channel 55T if the number of consecﬁtivc reguest

33
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signals is determined to be two or more consecutively. Alternative criteria have been

-discussed above.



First, there are two assunptions that have been made for this sinulation.
First, power control is used on a conbination of detected paths or in a
single path. 15 Power control is performed even when a positive detection
is not achi eved. Second, the probability of detection was set to achieve
detection at a high enough rate to ensure that power control is perforned
on the correct signal. To clarify, detection is required to track the

recei ved signal . Table 1 shows the rate of detection required for
a single path channel froma 20vehicle noving away fromthe base station at
60raph. This table requires that there is at | east one detection per slew
of a chip due to novenent. TABLE 1 -8-ew Distance for 1 chip 814 ft Handset

Vel ocity 60 nph Handset Velocity 88 ft/s Chip Slew Rate 9.2

As described in reference to Fig. 3C, the heartbeat channel processor 112,
request channel processor 114, and hypothesis detector 140 may be configured or
designed in a manner that monitors an occupancy of time slots used to indicate the
request to change communications states. In one embodiment, the detecting

5 includes monitoring occupancy of mutually exclusive code channels, such as shown
in Figs. 3B and 3C.

A feedback loop (not shown) may be employed to cause the heartbeat
channel processor 112 and request channel processor 114 to be “adaptive”. For
example, based on the received energy level of the heartbeat channel 55H, the |

10 integration time of the integrators 125, 135 may be adjusted, and the energy level
thresholds used by the hypothesis detector 140 for comparison of the energy levels
of the heartbeat and request signals may also be adjusted by the feedback loop.
Other feedback may cause (i) the number of consecutive pulses required for a
detection to be increased or decreased or (ii) the number of transmitted request

15 signals to be increased or decreased. Such a feedback loop may use a command or
message to transfer information between the BTS 25 and field unit 42a that includes
information regarding the pulse repetitions or power levels of the heartbeat and
heartbeat-with-request signals transmitted by the field unit 42a,

As discussed above, the first communications state may be a standby state

20  and the second communications state may be a payload state. In other systems or
even the same system, the communications states may refer to other communications
states, such as a request to change base stations, power control signaling, and so
forth. The use of different signal repetitions or energy levels in signaling as
described herein is applicable to wireless, wired, or optical communications systems.

25 Ineither case, the communications states may be used in voice or data
communications systems.

As also discussed above, the second energy level may be based on a target
probability of detection, false detection, or combination of both as discussed in
reference te Fig. 4. In other words, the field unit may transmit the request signal at a

30 given power level or a given number of pulses per given time period to achieve a



chips/s Heartbeat Rate 50 H13/s Heartbeats/Td 462 - - 18 - In Tabl e
1, the tine period Td is defined as the period over which a single

heart beat pul se nmust be detected to ensure the signal is tracked as the
time of arrival of the siDaal is skewed due to novenent of the vehicle.
Tabl e 1 shows that one out of every 462 pul ses nust be received with a very
hi gh probability or there is a risk of 5losing the tracking of the signal
Based on this calculation, the threshold g detection was set froma table
of detection/false detection probabilitiés’(e. g., Fig. 4). Wile Table 1
is defined for Additive Wiite Gaussi an Noise (AWEN), it is expected that

the probabilities of detection are not.greatly affected over a.relatively
short amount ofcoﬁcﬁ%o.nq’fﬁis gtofﬂ?éscf&oof"?ﬁéwg? éf?%?fog’é?lﬂfyn‘?féiﬁﬁﬁ%hé@seof t he
fadi ng from headddeeab, opibhes i clwed inhekfenpiloIag. 4, Wi |l e the individual
pul se probabilities pof d tecticghva.ied ignichantké% the overall results
were not seen to var@“?? REE) ?Sﬁéwe EAPTRLFIOP R §F DFPPH Shighl y 50% i n
the | atency of waiseittddandicaboas;iok tedtddpackiherhaniemaigeuded aetve fhylvat ency for
t he request ssage i, AWGN was .1 | nas as .conpared t oughly 15ns for
okt | ToAcRrAS e B Bal RO T ED PaOnPE s LB EE ocass
rather than a nixhevidi §of dsavhivedbemdel at énerryle@badshe Basetbnoackibiez anal ysi s,
a probability of tecti.on of 20% and fal se detecti.on qQf 1% was sel ect ed.
This requires a%rega]%%rfné%eg SEBANG TBPec3E m‘f”ﬁip?vi“gn%ﬁ)ﬁ\ﬁﬁs‘ ﬁd”%ﬁ%ﬁﬁé%@d in
reference to Fidgtecion and false detection parameters.

SIMULATION

10 A simulation for a reverse link was conducted where the reverse link is

assumed to have power control and a heartbeat channel of any of the example types
shown in Figs. 3A-3C or another type of communications link signaling.
First, there are two assumptions that have been made for this simulation.
First, power control is used on a combination of detected paths or in a single path.
15 Power control is performed even vs{hcn & positive detection is not achieved. Second,
the probability of detection was set to achieve deﬁection at a high enough rate to
ensure that power control is performed on the correct signal. To clarify, detection is
required to track the received signal.
Table 1 shows the rate of detection required for a single path channel from 2
20 vehicle moving away from the base station at 60mph. This table requires that there is

at least one detection per slew of a chip due to movement.

TABLE 1
Slew Distance for 1 chip 81j4 ft
Handset Velocity 60 niph
25 Handset Velocity 88 ft/s
Chip Slew Rate 9.2 chips/s !
Heartbeat Rate 50 HB/s
Heartbeats/Td 462 .




20Tabl e 2 shows a calculation of the probability of detection and false
detection during the tine Td defined above. TABLE 2 Target E/lo (entire
energy/interference density) 3dB Probability of detection 0.2 Probability
of false detection 0.01 Probability of detection for 3 Sequential H 3

8. 00E- 03 Nunber of trials in Td 462 Probability of no detection in Td
2,44E-02 Probability of false detection for 3 sequential 1.00E-06

-18-

In Table 1, the time period Td is defined as the period over which a single
heartbeat pulse must be detected to ensure the signal is tracked as the time of arrival
of the signal is skewed due to movement of the vehicle. Table 1 shows that one out
of every 462 pulses must be received wit‘ﬁ a very high probability or there is a nsk of

5  losing the tracking of the signal.

Based on this calenlation, the threshold of detection was set from a table of
detection/false detection probabilities (e. g., Fig. 4). While Table 1 is defined for
Additive White Gaussian Noise (AWGN), it is expected that the probabilities of
detection are not greatly affected over a relatively short amount of time. This is due

10 to the statistical independence of the fading from heartbeat pulse 1o heartbest pulse.

While the individual pulse probabilities of detection varied significantly, the
overall results were not seen to vary significantly by more than a factor of roughly
50% in the latency of detection, Specifically, the average detection latency for the
request message iIn AWGN was 11ms as compared to roughly 15ms for 30km/hr.

15 Again, this result is due to requiring a detection process rather than 2 more difficult

demodulation process.
Based on this analysis, s probability of detection of 20% and false detection

of 1% was selected. This requires an average Eb/No of 3dB. This is shown and

discussed in reference to Fig. 4.
20 Table 2 shows a calculation of the probability of detection and false

detection during the time Td defined above.

TABLE2

Target E/lo (entire energy/interference density) 3dB —]
Probability of detection 0.2

25 Probabulity of false detection 0.01
Probability of detection for 3 Sequential HB 8.00E-03
Number of trials in Td 462
Probability of no detection in T4 2,44F-02 |
Probability of false detection for 3 sequential 1.00E-06

30 Required no false detection trials 462

LProbabﬂity of false detection for Td 4.62E-04




Required no fal se detection trials 462 Probability of false detection for
Td 4. 62E-04 - 19 - To reduce the probability of false detection,
three sequential detections were required to validate a single detection.
Since the probability of false detections is nmultiplicative in this case,
the probability of a single false detection is cubed. Table 3 bel ow
cal cul ates the average Ec/l o (energy-per-chip per the 5interference
density, which is the SNP. integrated over the entire chip) required to
achieve the statistics of Table 2. TABLE”ég“Target Edo 3 dB Processing Gin
256

To reduce the probability of false detection, three sequential detections were
required to validate a single detection. Since the probability of false detections is
multiplicative in this case, the probability of a single false detection is cubed.

Table 3 below calculates the average Ec/lo (energy-per-chip per the

5 interference density, which is the SNR integrated over the entire chip) required to
achieve the statistics of Table 2.

TABLE 3
Target B/lo 3 dB
Processing Gain 256 . ~
10 Burst Ec/Io -21.08 | dB
Average BEe/lo -40.9 dB }

Since the heartbeat channel is time division multiplexed (TDM) in structure,
the imterference 1o all other users due to hesrtbeat nusers increases as follows:
Effective average Ec/lo (all HB users) = 10* logl O(N)-40. 9, where N is the
15  number of users.
Thus, for 96 users of a given base station, the average total interference will
equal the burst Ec/Io or-21.084B.
‘While this invention has been particularly shown and desecribed with
references to preferred embodiments thereof, it will be understood by those skilled
20  in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



Burst Felo -21.08 dB Average Be/lo -40.9 cl B Since the heartbeat
channel is tinme division nultiplexed (TDM in structure, the interference
to all other users due to heartbeat users increases as follows:

Ef fective average Ec/lo (alll. 313 users) = 10* loglQ(N)-40. 9, where Nis
t he 15 nunber of users. Thus, fq 96 users of a given base station
the average total interference wll edqual the burst Echo or-21.08dB. Wile
this invention has been particularly shown and described with references to

pr ef er r edaidradiclmnics ikhereof, it will be understood by those skilled 20 in
the art that various changes in formand details may be made therein
w t hout departing fromthe scope of the invention enconpassed by the

appended cl ai % _Az%oae %is{.o% CIllflﬁitriTpElg iasc:cess (CDMA) subscriber unit
comprising:

circuitry configured to transmit a channel; wherein the channel having

a bit in each slot; wherein the bit having a first value indicating that the

subscriber unit requires additional transmission resources and a second

value indicating that the subscriber unit does not require additional

transmission resources.

2. The CDMA subscriber unit of claim 1 wherein the channel is

associated with an orthogonal code and a pseudo noise code.

3. The CDMA subscriber unit of claim 1 wherein the bit is

associated with a request.

4, The CDMA subscriber unit of claim 1 wherein the channel is not

transmitted in all slots.

5. The CDMA subscriber unit of claim 1 wherein the circuitry is
further configured in response to the bit indicating that the subscriber unit
requires additional transmission resources, to receive information and to

transmit traffic data using resources derived from the received information.

6. A method implemented in a code division multiple access
(CDMA) subscriber unit, the method comprising:

transmitting a channel; wherein the channel having a bit in each slot;
wherein the bit having a first value indicating that the subscriber unit
requires additional transmission resources and a second value indicating that

the subscriber unit does not require additional transmission resources.



1. A code division multiple access (CDVA) subscriber unit conprising:
circuitry configured to transmt a channel; wherein the channel having a
bit in each slot; wherein the bit having a first value indicating that the
subscriber unit requires additional transm ssion resources and a second

val ue indicating that the subscriber unit does not require additional
transm ssi on resources. 2. The ZbwA subscriber unit of claim1
wherein the channel is associated with an orthogonal code and a pseudo

noi se code. 3. The CDMA subscriber unit of claim1 wherein the bit
is associated with a request. 4. The CDVA subscriber unit of claiml
wher ei nt he C.ha’?.nel T}?e %&h\%\g%sﬂlh‘% %dwhgre?le !t]t'lélc?).raﬁn 1is ssoc?ate%%tf?uvp‘.
subscriber unit of claiml erein the circuitry i1s furt Rercon igured in
response tan phogopali crdiecatd agsthdo nofse @dlescri ber unit requires additiona
transm ssion resources, to receive information and to transmt traffic data

usi ng resources derived fromthe received information. 6. A net hod
i npl enented i n & codehdiméthiodnofralatimmpbewhecsds stheChiviys sshaecatedewitbinat, t he
met hod conpri si ng: transmtting a channel; wherein the channel

having a bitUf#each slot; wherein the bit having a first value indicating
that the subscriber unit requires additional transm ssion resources and a
second val ue indi cat,j,ng that .the subscrjber unit. does not require

addi ti onal tran'niséhﬁ%nF%ES%f%é¥?nlg?ﬁh@enlgheCh?pn @’W@iﬁ%ﬂsﬁ¥“ﬁ?ain16
wherein tha ghsivsaegl 1s associated with an orthogonal code and a pseudo

noi se code. 8. The method of claim®6 wherein the bit is associated
with a request. 9. The method of claim®6 wherein the channel is not

transmtted in Bl Sid fethod of clalkfl.6, ThigheEtb@@riding! ai m 6, further
conpri si ng: receiving information and tran nittin%ﬁtraffic data using
resources deri VEASHFISMHAETAEER] Y THIYPIHPB WA ABEHHTRE FESTHE D t

i ndi cati ngdrRRH H8 G1PECEIRRMinWHlatiAM F&Hordeithi Rt lih d&ThEThap
resour ces. 11. A base station conprising:
the subscriber unit requires additional transmission resources.

11. A base station comprising:

circuitry configured to receive a channel; wherein the channel having
a bit in each slot; wherein the bit having a first value indicating that the
subscriber unit requires additional transmission resources and a second
value indicating that the subscriber unit does not require additional

transmission resources.

12. The base station of claim 11 wherein the channel is associated

with an orthogonal code and a pseudo noise code.

13. The base station of claim 11 wherein the bit is associated with

a request.

14. The base station of claim 11 wherein the channel is not

received in all slots.



circuitry configured to receive a channel; wherein the channel having a bit
in each slot; wherein the bit having a first value indicating that the
subscri ber unit requires additional transm ssion resources and a second

val ue indicating that the subscriber unit does not require additional
transm ssi on resources. 12. The base station of claim 11 wherein
the channel is associated with an orthogonal code and a pseudo noi se code.
13. The base station of claim1ll wherein the bit is associated with a
request. 14. The base station of claim 11 wherein the channel is
not received in all_slots - 15. The base station of claim1l wherein

the circuitry 1% f dmi‘%&as%(ﬁ’iﬂl@ﬁr‘gdckﬁnr 15]5 db}h%@ll‘t dhenadrepitryi igdifertheng t hat

t he subsc B8sSkQ sources, to transmt
|nfornat|%%@§%5&?gﬁfg g$§q%92%qhk amB%s % eFHQ“T%’gdﬁgﬁgeagVFéed from
t he transadditiedal nfQisiilski@R. resources, to transmit information and to receive

traffic data based on the resources derived from the transmitted information.



