MULTI - DETECTI ON OF HEARTBEAT TO REDUCE ERROR PROBABI LI TY BACKGROUND OF THE
| NVENTI ON | ncreasi ng use of wireless tel ephones and personal conputers has
led to a corresponding increase in dejand for advanced tel ecommuni cation
services that 5 were once thought practical only for specialized
applications. In the 1980s, wireless voice comunications becane w dely
avai l abl e through cellul ar tel ephone networks. Such services were thought
at first to be for the exclusive province of businessnen because of
expected hi gh subscriber costs. The sane was also true for access to
renotely distributed conputer networks, whereby until very recently, only 10
busi ness people and large institutions could afford the necessary conputers
and wireline access equipnment. As a result of the w despread availability
of affordable new technol ogi es, the general popul ation now increasingly
desires to have not only wireline access to networks such as the |Internet
and private intranets, but also wireless access as well. 15 Wrel ess
technology is particularly useful to users of portable conputers, |aptop
conput ers, hand-held personal digital assistants and the |ike who prefer
access to suchmuet\srs TION MU E DRTHIA T 20 REDEICH ERROR PREWIMIEITY ne. There
still is no wdely avail able satisfactory solution for providing | ow cost,
hi gh speed access to the Internet, private intranets, and ot her networks
using the 20 existing wireless infrastructure. This is nost |ikely an
artifact of several unfortunate circunstances. First, the typical manner of
provi di ng high speed data service in the business environnent over a
wireline netmg%§¥&ﬁ8§@§Dr @%#ﬁggggﬂp le to the voice grade service
available in or . exanpl e, such standard high speed
data services do nptreRRassafwitdest Rrghdnberd gl dompafets ok Rato 4 r ansmi ssi on
over -2 standard cellular wirel ess handsets because w rel ess _networks were

originally d&STERRWIMSARGeason dFBiAdder need telesoppngationseryigea il ¢ | present

day di gital s Wiyl £56tho SRIPMRcEI¥h] yIBSspeN S8 BpRdaBordPln 1k 2 6%bsf Rkl Ce
transm ssi ons, although certain "schenes such as CDVA do provi de sone
measure of asypreeiElicabetidetage Widaly 4vadable through cellular telephone

networks. Such services were thought at first to be for the exclusive province of

businessmen because of expected high subscriber costs. The same was also true for
access to remotely distributed computer networks, whereby until very recently, only

10 business people and large institutions could afford the necessary computers and
wireline access equipment.

As a result of the widespread availability of affordable new technologies, the
general population now increasingly desires to have not only wireline access to
networks such as the Intemet and private intranets, but also wireless access as well,

15  Wireless technology is particularly useful to users of portable computers, laptop
computers, hand-held personal digital assistants and the like who prefer access to
such networks without being tethered to a telephone line.

There still is no widely available satisfactory solution for providing low cost,
high speed access to the Intemet, 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 1s 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



5 accommodati on of data transm ssions. For exanple, the data rate specified
by the Tel ecomrunication Industry Association (TIA) for 1S-95 on the
forward traffic channel is adjustable in increments from1.2 kbps up to 9.6
kbps for so-called Rate Set 1, and increments from 1.8 kbps up to 14.4 kbps
for Rate Set 2. On the reverse |link traffic channel, however, the data rate
is fixed at 4.8 kbps. 10 At best, existing wreless systens therefore
typically provide a radio channel that can accommodate naxi nrum data rate
transfers of 14.4 kilobits per second (kbps) over a forward |ink direction.
Such a | ow data rate channel does nei lend itself directly to transmitting
data at rates of 28.8 or even 56.6 kbps that are now comonly avail abl e

usi ng i nexpensive wireline nodens, not to nention even higher 15 rates such
as the 128 kbp%aqdardtcelhﬂaéwav&rns@b@%ts\hmavf»eNﬂlte@gwmksswrva@aim gital Network
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(kbps) over a forward link direction. Such a low data rate channel does not lend
itself directly to transmitting data at rates of 28.8 or even 56.6 kbps that are now
commonly available using inexpensive wireline modems, not to mention even higher

15 rates such as the 128 kbps that are available with Integrated Services Digital
Network (ISDN) type equipment, Data rates at these levels are rapidly becoming the
minimum acceptable rates for activities 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 tobeshared. This is quite dissimilar to the traditional environment supporting data



O her factors to consider in the design of a wireless systemare the
characteristics of the data itself. For exanple, consider that access to web
pages 5 generally is burst-oriented, with asymetrical data rate

transm ssion requirenents in a reverse and forward direction. In a common
application, a user of a renpte client conputer first specifies the address
of a web page to a browser program The browser programthen sends the web
page address data, which is usually 100 bytes or less in |length, over the
network to a server conputer, The server conputer then 10 responds with the
content of the requested web page, widich may include anywhere from 10

kil obytes to several negabytes of text, image, audio, or even video data.
The user thereafter may spend several seconds or even several mnutes
readi ng the coasenssions intthechphgeirg s scdivatdwi¢l a8 sy MG REnBYHRed 19 page. In an
of fice environ qe nost enpl oyees' conputer work 15 habits
is typically tgﬁgﬁucénﬁmggéﬁagﬁg%ages and then to do sonething el se for an
ext ended period of OiheExcteschcoasdadcibsddsizg of owatleys sgdton ed tibkat a or even
termnating usge of the f@ngute&wgltqget er. Therefore, evgp t hough such
users may remcPARCEEifS of B8 083 e FPHEATRIECOBYIGH Al AL IV FAREE conti nuously
during an ergi rgé‘hcgiﬁ?/is Hek-Bddnted!§8h BymbReichlidan r8peadmision rdguidndns iwsual | y
quite sporadic, 20 If wireless data transfer services supporting Internet
connectivity a®Ré&evese anddeseasd dijgetion. p ¢ eqnuaa applicadon: 8wl Af eEpoltlientt i s

becom ng incr eash ngl Yird GREHEARE addess ORL B Ag: bRSdREr Rbgravairhabl e resources

in wrel ess systens. Frequency re- use and dynam c traffic channel
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performance wirel ess CQQA 0, i i 0 t fthere | still a
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For exanple, a QAR O TF VRGBTSR S OF K B’&aé‘?’é‘u&f’a‘?rﬁ"?f’ W98 s to a field
unit when a reqyeskr hokatler @hf ifendQverhiaBialsor Ras sB@iral REANCIBMIMg 1R M 1 arl y,

t he base station should allocate traffic -4
content of the page before downloading another web page.
In an office environment, the nature of most employees' computer work

15 habits is typically to check a few web pages and then to do something else for an
extended period of time, such as accessing locally stored data or even terminating
use of the computer altogether. Therefore, even though such users may remain
connected to the Internet or private intranet continuously during an entire day, actual
use of the high speed data link is usually quite sporadic.

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 a need 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



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 transni ssion
of a marker in a tine slot over one channel 5 indicates a request by the
corresponding field unit to go active. That is, transmssion of a marker in
an assigned tine slot indicates that the field unit is requesting that
reverse link traffic channels be assigned to the user for transmtting a
data payload fromthe field unit to the base station. This presunes that
the field unit is presently in the -4tandby node. Alternatively, a field
unit transmts a marker over a second 10 channel of the pair of reverse |ink
channel's to indicate that the field unit is not requesting to be placed in
the active npdehanmdy tO@)@iﬁ}If@ wlteh@rerqp@ kps beAnimade eBuchatrequgiftmads by r ansit dat a

on a reverse | lthrglfeﬁl u%ﬂ% LhR%te{a% ’I 1se lofy&oetjﬁ déEPtB sén%%ﬁﬁ:tdatatt?l er emai n

i nactive but sync Foni Zed mnth t e stdtion so that t ld unit can
i medi at el y goreactd ncevagaede. at any nonent 15 In elther case, the present
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change communi cati ons states has been nad In one artlcular enbodi nment ,
the neasur eneft? Pakrigasasgiengddanssiq mwas*sﬁhet ﬂeﬁeﬁqlfa@mlﬁ feausstippliet of the

request in a giNege R tfEcHIRANR be megn&y@ HRMsFRY: thH SRR aldaRY QM@adper f or mance
by applying a difference in power l|'evels for a non-request state (i

steady state ofromgipnfisldinitioliybagtstatien. Trhésrserymes theidepieddd utiapesquilye.
reguest o changes . SRTIMAL CALLANS. 2 Abhni ESHETWshelR o Ltplavde a reduces

nunber of erroneous ions state 8rFoneous] assigned or
al | ocat ed tnnfEmmnﬂhamaﬁMSm%&&mhmmoﬂﬁmnﬁnbnﬂmmamwampﬁnmaMHﬂnwta subscri ber
unit provides a heartb at . c nﬁ u5|g9§§ firsi ﬁgqe in.g CDVA systemin a
heart beat wit h'EGHRSP Eﬁﬁﬁ éPt PG mRYe L BT P 6 Tield W Aot dPhrse ink to a
base station. ¥hg (suhsmltidR@bondMversPhQVhEes!. tRather, HedTef] (rSreqieétiitoa repetition
and, optionally, different power levels in a manner that a base station

enpl oyi ng t he PPlaRdnistEsbysyncheniprdeegyibe hassdaion 5n thabthe ek HBISca® r equest

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 (1.e., steady state or ‘control hold’ state) versus a
request state (i.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,



30 to change communi cations states with a reasonably high probability of .
detection and a reasonably |ow probability of false detection. 5 The
teachi ngs of the present invention are conpatible with 1XEV-DV systens and
| - CDVA systens, but general enough to support systens enploying various

ot her comruni cations protocols used in wired and wirel ess conmuni cati ons
systens. Code Division Miultiple Access (CDVA) systens, such as TS 2000, and
5 Orthogonal Frequency Division Miltiplexing (OFDM systens, such as | EEE
802.11 a wireless local area network (LAN),” may enpl oy an enbodi ment of the
present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The foregoi ng and

ot her objects, featuyres and advygntages of the inventign will_be apparent
fromthe follow ng écifg*ms@é PIERSEL Y BRY B ATe FOBP RS Mad XENYEYI ment s of

the invention, saerht hustcanad éﬁtchﬂ?bﬁ%‘émhggad;ﬂ%%ﬁg cibls VR find | ke

reference characters refer to the sanme parts th e differént” views.
The drawi ngs areowntthaeaessancitions prateallenscdiphasdsni marded chmmgiphesed

upon 15 illustratin rinci s ,of the i ion. Fig, | .l schematic
di agram of a cé%ﬁ?‘c@‘?‘%&ﬁ@%@%%ﬁlﬁmﬁ%ﬁb§§ﬁ%‘ﬁﬁg€fﬁs‘ Rt %ﬁ%?go’parn sent
invention may lenidgphayRdgudnicy Didisioh MetipRREFHOFDM) agtaie, flchasBEEY St em
enpl oyed by a %gie station in the comunpications systemof Fig. 1 used to
det er mi ne whet H&¥- 14 awirelestlopalipgeagiegkonk » TRy FEEYAR TTReR Hf Por a
request to changeesopRuRigati ons states; Fig_ 2B is a flow diagramof a
process executed by a state machine in the subsystemof Fig. 2A; Fig. 3Ais
a signal diagramof a 1xEV-DV signal with a first marker indicating

‘control hol d' ﬁ% 6%&15‘r paelal W’Iﬁ% “request to go active'; 25
Fig. 3Bis a si gnaFajafﬁ‘ggr am @ﬁlogei%ﬁi Si onsarrul tiple access (CDVA) set of
code _channélOs_ hayi ngltse fasmfgo_éargmdmlmab_ﬁcgnmémdﬁdumtagmtoﬁthwimmt'ﬁm t hat
the field unityhs, Sl et kbRdng cRMGE LR SONTH E3LHSNE & RleS

embodiments of the invention, as illustrated in the accompanying drawings in which

4

like 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
embodimeﬁt 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
subsystemn of Fig. 2A,;

Fig. 3A ig a signal diagram of a IxEV-DV signal with 2 first marker
indicating 'control hold’ and a second marker indicating 2 ‘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 feld
unit is requesting 4 change in communications states;

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

signal having the indications; and



Fig. 3Cis a signal diagramof an alternative enbodi mrent of a reverse |ink
signal having the indications; and 6 Fig. 4 is a plot of signal-to-noise
rati o versus probability of detection that nay 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 nents of the
invention follows. The cost of m ssed or erroneous detection of Heartbeat
(TSB) and Heartbeat w th Request to Go Active (HB/ RQST) signals is costly.
If a false detection occurs for HB, power-®ontrol commands and tining
commands used between a base station 10 and field term nal may be generated
based on a received code phase that is not correct. Thus, the power control
can be erroneous andfigot iSbaﬁetbf(ﬁgmah@-acisuedﬁo %mbm@db#ﬁmfddtmmﬂm
termnal. For th e Sf sness res ass| user
when the resour c%sg%g%ﬁﬁ%fmﬁ %ﬂ}?e Olﬁv ??\&%‘%f%&g SOf%’s 15
Traditionally, i4-3&.very | ow probability of faI se detection is i rrportant, a
requi renent of a very high Eb/No (i. ,e_, energy-per-bit per noise density)
threshold at the Base Transceiver Station (BTS) is inposed. As an

al ternatives i fpthaispeesEQtR debRCOFANE SNVESEIONPOrtant, as in the case of

the HB signal, nultiple successive detections nmay be useful . This allows
t he probabili ty of féldsecriptipn of preferrast me@l@a@tﬁyfﬂ@@n‘fﬁ@@%édlomor i nst ance,

i1 the P(fd) = 0.01 fndcdf ofxﬁfsgé‘dl % égﬁ)t%tebgpéet o??ﬂ%z‘ﬂ?e f@-?@( {Aéfl‘-?i an%bgatbe

made before a "Valid Detection erm ne he overa 01) 3
or 0.000001. T\mrlsRlesudtsesvngdemw(%B@%Tbmgmaé&usagsttyh&‘ phabisaliectity oragrsnuch
hi gher to start h Fo |ntanc i f ggtet r t |s
0.9, requiring tiﬁr eépﬂ eﬁé 2 '(j)svverdfs g;}% 3%e%pbreo a aﬁ’%g 'Jt{1

or 0.72, whiCch argl foaid yermimsil ng]yﬁac geﬂekumﬂlb@sbd&m&cﬁeemmcmqﬁassmkmwm in radar
systens, but has not eeqhused in thi licatio ogasagt ectin HB and

ap
HB/ RQST si gnal s*9&f§" r ?:B??ﬁ‘ifrﬁc’tlg?# Bbe e etronedis' and not onthe ac

received power from the terminal. For the request message, resources will be
assigned to a user when the resources are not needed, which results in wasted
capacity.

15 Traditionally, if a very low probability of false detection is important, a
requirement of a very high Eb/No (i. e., energy-per-bit per noise density) threshold
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) = (0.0l)" or
0.000001. This is less costly for detection as the probability is much higher to start
with. For instance, if the single detection probabiiity is 0.9, requiring three

25  detections Jowers 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 commmunications
systermns 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.



systens and applications. It should be understood that the HB and HB/ RQST
'signals are Exanples of signals to which the teachings of the present
invention may be 30 applied and are not intended to be limting in any way.
7 The signals to be detected and counted (i) may be successive-either in
time 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 pulses, bits, or
other indicators in a given time interval, For -a CDVA reverse |ink,

nul tiple serial detections or non 5 serial’detecti ons may be used to qualify
as a system | evel detection. Further, the systemmy set a different power
control target versus a detection target, which neans that for a | ower
transmi ssi on power, Thmiggarlatd tprdetéate arsl Gomoted 41 ekt e Siunetrseia'seiﬂiarieﬁigw for

det ection. For syste sSes slots |
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with antenna t enety 23 derictivRiFes s\siEtehmeha usenime Siotatheaysteln miginoludd each of
a plurality of f'lﬁl d units 42a, 42b, 42b 20 (col.l ec:tlvelb%lIf field unlti‘}42)

as shown. SuchiHFIPEFRSEL0 PIORIEr SHcEessivE QP PPRRRCFERIEHTe i the; Evimeiser

resources of aaf@EYAIHe bisiim dOriaNth SdPMRIRA-dhdisighldet ween the base
station 25 and field units 42. Each ' link 65 or 70, is typically nade up of

several |ogical reVdedserierarocdnegoéihe isarihents isdgayed ag aelpigal d link
channel s 60, r QgRessd Mobim. T Mi8end NRWBendaliCart HHAY Bb&M 1L BB dDHThE ARl Blat

supports wrel ess
pulses being “detected” rather than being demodulated as in the case with the

Dedicated Control Channel (DCCH) and Slotted Control Hold Mode (DCHM) in
15  CDMA technology. | '

Fig. | is a diagram of an example communications system 100, similar to the
system described above, employing an embodiment of the present invention. A base
transceiver station (BTS) 25 with antenna tower 23 maintains wireless
comrmunications links with each of a plurality of field units 42a, 42b, 42b

20 (collcctivcl},', field units 42) as shown. Such wireless links are established based
upon assignment of resources on a forward link 70 and a reverse link 65 between the
base station 25 and field units 42. Each link 65 or 70 is typically made up of several
logical reverse link channels 55 and several logical forward link channels 60,
respectively.

25 As shown, the commmunications 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 unit, 1o

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



conmuni cations between an interface 50 and a network 20. Typically, the
network 20 is a Public Switched Tel ephone Network (PSTN) or conputer
network, such as the Internet or intranet. The interface 50 is preferably
coupled to a digital processing device, such as a portable computer 12,
sonetinmes referred to as an access unit, to 30 provide wreless access to
the network 20, Consequently, the portable -8 conputer 12 has access to the
network 20 based on communications over a conbination of both hard-w red
and wireless data links. In a preferred enbodi nent, the forward |ink
channel s 60 and reverse link channe&d-s 55 are defined in the comunications
system 100 as Code Division 5 Multiple Access (CDMA) channels. That is, each
CDVA channel is preferably defined by encoding and transmitting data over
the channel wicohipeinr Rugseasesedp thpsebuiers 2p Ardden MoRuRi@ENS o¥dde sequence. The

PN coded dat a | matt'?onogga%%g%red%%%{ﬁesg gﬂéﬁ)mjrequency carrier. This

enabl es a recel Vel cip annel from anot her know ng only
t he particul ar augnﬁﬁreférrmnﬂmdhmemsmm@ddﬂmk cl&nﬂdbs@]andmex&ehahxﬂel In
accordance with an each channel occuples a 1.25 MZ
band consi sterfPa‘WFlFﬁsf‘rﬁ i @I‘Sthm“‘é”t‘cé‘mﬁﬂf q%ﬁ:'@ gﬁp“’éﬁ'c’é‘ndard and is
capabl e of §rangipik tacfrgs @m@ﬁ) hat6RRS Thhis efcHaDUIA tinel & provelabiges at | east
four, logical, forward |1 nk channels 60. As shown, this includes a Pilot

Channel 60PL, defipid bpgedoitng anhiagraiisdate prguthe chsmghwignal 2ugmentedhagi ng channel
60PG and mul tbp@éu% bdnih h&g@@g@&'ﬁe@% mq)w SEd 38, !s'tméa nRRiulaRRg! udes at

| east five lo channe I ncl udes a heartbeat standby
channel 55HS, dn@earrtddleﬁtquemqu@sner aﬁmamé)l@hame/brm@mrom,@éhﬁé channel 55A

and nultiple t aff chanpnel s Wi b GENE! channel s 55
are sinilar toﬁ?wg mm?ﬁe?} Egéﬁl an%g%Ya eﬁpj% Eﬁ%%ﬁmggjreverse l'i nk
traffic chamnelivedOaneanInsddppodnte Wik areebrlbedﬂﬂhtaearcmhmnél pmﬁerihlyl kbps to a

et mum of 160, K00 T\ LSS LS Reluneh LG o St el Lqngge and 11 el d
data. Based onuhied ddliO&ahti®8 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 channe] 60PG and multiple traffic channels 60T.

The reverse link 65 includes at least five logical channels 55. As shown, this
includes a heartbeat standby channel 55HS, heartbeat request active channel
55HRA, 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 vanable data rates from 2.4 kbpsto 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 transmit 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 referenice to Figs. 3A-3C.



of multiple traffic channels in the reverse link 65 or forward |ink 70,

hi gher data 25 transfer rates can be achieved in a particular |ink between

t he base station 25 and field unit 42a. However, since the field units 42
conpete for bandwidth allocation, a field unit 42a may have to wait until
resources are free to be assigned traffic channels to transmt a data

payl oad. Before discussing an exanple detector system (Fig. 2) that can be
used to 30 distinguish a heartbeat froma heartbeat-w th-request signal, a
brief discussion of exanple signar%'mjll be discussed in reference to Figs,
3A-3C. Z7 -9 In Fig. 3A, a 1 xEV-DV signal 160 that may be transmtted by
the field un|t is shown havin ee distinct stat ontrol hold'

state 165, a ' redudst s d o’ & ﬁ‘&}‘é{moéllah’f‘%ywnsnaﬁﬁﬁﬁtlbea@eédc‘fnr’d?f| c state

175. I'n the sheOnkd g thed dstinst &t@: 4 @Bntrol h’tﬂd’%ta%nl%B a]-@&lues‘ﬂﬁﬁgﬁ)aﬂl@\xe i nclude a
request to go active' indication. In other V\Cﬁ t he mgnal 160 5 remai ns
in an "idl e S@ ! Ocadrrdgie wbicptaist At B heypenig! b ‘?ilsff‘éet]e@ PasE AR fiel d unit

42a is not doepurskiufga té@bdikEgtRBNN @ldfatichhB otfePRURIS thd Pyr@DI6ACt | vE' state
170 is an indication that the field unit is req uestlnq to transmt data on
§

a traffic cHampBs iIngpeidleaor egruiobold | stal whish indisateyggataise Nigld upih#ans a1 i ¢ state

175, traffi Cno@%fq@esﬂlr% RN I delsethebMqldiBo bb &lide’ st £70tiOantiRBeAREs. Fol | owi ng
transmssion of the traffic data over the reverse Iink, the 10 signal 160

reverts backhatdhetlisld imgorequsringde anset deta on g5affie Fagugl AYFT A 1EEBAS M ssi on of a

“data transnj2si AR BEOPPIIRUR rafrlcale 1(7@q;aff$cmam§tfanemn@@amemqm as a single
signal 160, it should be understood that the may be nultiple

signals, optingralie PTEddaw e tanersive gbta g d%ﬂveémewg@ﬁhvk théodes into

mut ual | y @XCLiSE Y& remglefck%o thE%n@mmi seatetés%n&mfgwdnsmh@ln state 165 15
may be transmtted on a different channel fromthe request to go active'

state 170. ‘Sptpirgngmisgion eqigplete’staf (Botgb@¥g)transnitted in a transmit state 175

nmay be on a Sepa%ﬁh&;gh%l%&“a%'asfné@@?g&h%@‘it@%al&H%n%&x@t%&ﬁth&t@ﬁe 170. An exanple
of nultiple channel i’s discusséd in reference to Figs. 3B and 3C. Fig. 3B

i s an exanplsgnafmaybemitiigrdgnalsorpsionitlyicaded withartkqgprad opraedoganalCDIVA)
codes into mutually exclusive channels. For example, the ‘control hold’ state 165
15  may be transmitted on a different channel from the ‘request to go active’ state 170.
Similarly, the traffic data transmitted in a transmit state 175 may be on a separate
channel from the other two states 165, 170. An example of multiple channel is
discussed in reference to Figs. 3B and 3C,

Fig. 3B is an example of an Internet code division muitiple 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 35R, and traffic channels 55T, Each 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 185ain the request channel S5R in the first epoch 177a, a signal 185b in the request
channel 55R in the second epoch 177b, and possibly additional epochs. In the third



20 signaling diagramthat has assigned tinme slots for users 1, 2, 3, ... , N
repeating in epoch i 177a, epoch i +1 177b, and so forth. The channels ar
conposed of the heartbeat channel 55H, request channel 55R and traffic
channel s 55T. Each of these <channels has an associated code d, C2, C3, (4,
..., CN, which allow signals to be transmtted on nutually exclusive code
channels, Both the transmtting and 25 receiving systens process the
information in the channels by using the codes to separate the infornmation
respectively included therein in a typical CDVA manner. In the exanple
shown, users 1, 2, 4, 5 6, ..., N4dfe 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 transmt data over a reverse link
based on a si gipath 1730 theeBBS 2hhas Heleqtaljirersgucetia HasmitsR bagedioRdieftp st epoch

1778, a si gnal . L83, A dRodaauesl 1SAAHRLBER:R dihp ,S8G0RG-ARRCh 177D, and

possi bly additional epochs. In the epoch € BTS 25 has
det ected t he reeufeisgins® tranams iriffic datt H90haseebsomte¢dtenffiowhanebusemets ve

i ndi cations 18 and 185b, Fol |l ow ng r i-pt__of an _.acknow edgnent, user 3
begins to tr an(lss i P ap f”’léef”f-l?](‘fe %fﬁlfoél”’le@b%ler?e@?sd%a%%qugf gﬁeet(ioﬁi’ef;'iﬁggc hannel using
code GC5. In andiadifosd NBhkiveug@NBRAeiRd deterhthgBlaba ZRuesRis bemg tiatd€aridhr ee
consecutive 5 indications 185a through 185c before determning that a

request is beid§navdeEgiaMe acknow edgi ng sane. Fig. 3Cis a nore detailed
signal diagram of tF&e‘?Qt iY@l Rhal Qfaghattbf tRAXEVIGY s!fg?ag:égﬁg. i indicate a

'request to go acti to the base station 25 fromthe unit 42a. In
t hi s enbodi merthat it ysed loxiElcaBia ‘séqyernio gosctevshioddsoftation 26 ifignghsiighal s 10 on
different |ogical S5 t t nel : channel
55R.  The heaﬁp§é§?h@ﬂ@%ﬁ%?“@%%ﬁg&ﬁ%ﬁgég$ggﬁ?%ﬁﬁoggkﬁpﬁyﬁgﬁgggﬁé%her

i nf or mat i ono ( eangliffererp ozl dhenels; adyamdént cirenad 651 and etequest dhaprd ke fiel d unit

o ke & r oquiteHEeg ShgF ST e it gl SR Par I8 (5 r equost a
traffic channglowepielhayh@vRis8or, bk rbd tedleldhibitap atoshd bdst REtikata. Sanpl i ng
H1ES 1953, LR i snit 42 wacs the soquess hannel SR 10 maake & roquect (e £, rgital 1)
of the base station 25 to request a traffic channel on the reverse link 65 for
15 transmitting data.
Sampling times 195a, 195b, ..., 195f (collectively 195) denoted by arrows
indicate tirnes or intervals at which the BTS 25 samples the time slots of the request
signal 55R and, optionally, the heartbeat channel 55H to determine whether a
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 55H, 55R in all or a subset of time slots. In one particular
embodiment, the base station 25 samples mutuaily exclusive code channels 55H,
25 35R intime slots designated for request indications, such as in time slots at sampling
times 195b, 195d, and 195f. Duning 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

3¢ may be based solely on the respective energy levels of the heartbeat and heartbeat-



indicate tinmes or intervals at which the BTS 25 sanples the tine slots of
‘the request signal 55R and, optionally, the heartbeat channel 55H to
determine whether a request for a traffic channel |1's being nade. It sboul d
be understood that the 20 sanpling may occur over the entire tinme slot or a
subset thereof Also, the heartbeat channel 55H and request channel 55R use
mutual | y excl usive codes, in this particular enbodi nent, so the sanpling is
performed on their nutually exclusive code channels 55H, 55R in all or a
subset of tine slots. In one particular -emnbodi nent, the base station 25
sanpl es mutual | y exclusive code channels 55H, 25 55R in tine slots

desi gnated for request indications, such as in tine slots at sanpling tines

195b, 195d, an@itﬁ%&ues&iéﬁ%ﬁi&{}r}a&ﬁp&g}ﬁ%g%e _%io@.{ %'g{ ?%gvetﬂ‘%%é &%ﬂ%éﬂﬁﬂné SHis

"inactive", but the'requ IS di scussed above, the
signal s in thes¢vard tiwee'mfegcplest ti . ne slots may be nodul ated nessages or
sinply coded pilot signals.wi,th no “bits". Thus tecti .30 may. be based
solely on the _respei’? ?%cep%‘élflaﬂléwn%wgmoﬁhct% REL? b%tﬁ{e ]%Ednﬁg%ltﬁ%héléta -1
Wit h-request sifigiahérel eveE SPE B YEebtTB ¢b laBfive’ GMES 1 7 s \WeRcdrid@etditieveral or
spaiing several time intervals. In one particular enbodirnent~ the 'control
hol d' st at €5 16 The basH Saltonah$ matake af yaniage of dredifferened in nevwer davels ip addiger t o
go active' sta : ﬁgﬁlg : I - may

t ake advant agettoe(;s’hjetZ %%@?P% g?% ce FSME%C%\BJJ?&?%%/% %q%f;r?qg glgtE ﬁ%%%?%hﬁnﬁ § ™
repetition of tiieppuicslesecmbednicot, diningaitiang thertequesds hay goa acttevef For

exanple, in this particular enbodi nent,  disti.nguishing, the t st ates may
bo 8 mat ter of PSRRI EHEP gt T SUBH 3 HLCPT s tat Eferigh i o g
conparing the anRagYbnk@vellnl@adii)dbterBinidgBtita RHcest RRedat dpondlyi a
detenninin thai a request is present, optionally in a 10 nutuall

excl usi ve ggde TRiBHRersCluTEiGrde shanms] it Hlefe wheathereartbest gl et %t a
byt he duty cygre or s R SRS gk & e BicpiH Rl O o TR B oY O e
si gnal s, si gnaldutryeht ofitbe signals,didusneyf afithdrsi giads, poweeoStha nignhisysi giedingner gy
| evel s of the Ssjcrg%e?m? n Ra?'thgsed to inprove
To understand how the energy levels of the signals can be used 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 (iii)
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 (£d)
as a parameter, calculated for a non-flucteating signal. It 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

BHeartbeat standby 55HS and Heartbeat Request Active SSHRA energy levels for the



15 systtm performance, one can refcr to Fig. 4,. which provides a chart for
"selecting signaling requirenents based on the foll 0% i ag paraneters or
factors. (i) probability of detection, P(d) (x-axis), (ii) signal-to-noise
rati'o in decibels (y-axis), and (iii) probability of false detection,

P(fd) (curves in the cbazt). T his chaft shows a reqtiij-ed sigaal-to-noise
ratio at the input termnals of a linear-rectifier detertor as a function 20
of probability of detection for a single qglse, with the false-alarin
probability P (fd) as a paraneter, calcula’ed for a no-n-fluctuating
signal. It sbould be understood that alternative paraneters or factors may
be used to est~blish or define the transmtted power |evels of the

i ndi cations. Axaipée e¢rmupigatenshysteo0L00tHig. §), givatef discussiond apgetessarsndg dB,

P(d) = 20% ~”&iet%§%f‘¥l§tﬁ?yﬂa%¥>éP%d%&gsg%ecrig%g@ p%g@d&{_obabi lity of detection

for the sane pro . al'se ion, “one Sinply nceds to slide the
circled point 200 upMard iakeclgmidiie dkai@n opt eRmbstldetegtionprokedsee] tetsedto on

curve, which suggests that an jncrease in the signal-10- nojs iQ is used
to inprove sy_sii%ﬁmﬂé? FOFORR G Ty i%érﬂaﬂé,req%tpe,emg d@ffeto thy _ﬁléﬁi%h t hat
the requests si gaglek bsbeiliek 8heE sqNvith Ynciktis BRS AhBirddbAY Hahgk138Nvexanpl e
nodel and di scussi on regardi ng exanple Heartbeat standby 55HS and Heart beat

Request Act i vetrsBiqrhagnalei gl acesse pharmel S dearttrabstandiyebeunahiitiEatidons
system 100 (F,grlle re?ué%f b&tlveQhIGILP §51§1§.&9&&?8§9§§%§9{;w@5§1ﬁd dehagkqr that

may be used in the systemis now provi i's"a schemati c di agram of
a request det ebtartheapheosd posceddd 112 edeivos thedpanthranstandbytdhennd] h8HSizalld uni t

42a has requested to.send data t he BTS, 2 he, .5 receiver Rx 35 receives
signa s 56, anlGHeTAERTHLENE Raohal hEERRTLS EimiTat RESHFE! AT HEBRannel <
55T, accessy chasrla. 55A, heartbeat standby channel 55HS, and heart beat
request active chanpel 551 JRA.. The signal 55 is processed such that a

heart beat channel pr8¢bedtheaape FEperewr  he 2pbErAne shadehpr@psssehbinel 55HS
and a request ;NARABE s OB ERMelldn ér¢ i eSpdhQuiieaiidaeatntReI@stusfet i Ve

channel 10 SSHRA. The heartbeat channel processor 112 and request channel
processor 114 ofjustthe heartbeat channel processor 112 will be provided for brevity.

The heartbeat channel processor 112 reccives the heartbeat standby channel
15  55HS. A correlator 115 uses a desﬁreader 120 to despread the heartbeat standby
channel 55HS. An integrator 125 is used to coherently combine the heartbeat signal.
By coherently combining the signal, an integration of I, Q and its phase causes the
phase of the signal to be removed and output the power of the signal.
Following the correlator 115, a rectifier 130 (1. e,, absolute value of the
20 signal squared) rectifies the power of the signal, which is then integrated by a second
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 1s moving too fast, thus causing a cross-over of the 180-
25  degree phase point, which can cause ambignities in determining the energy of the
signal in the absence of the non-coherent combination.
The output from the heartbeat channe] processor 112 is a heartheat energy
level, and the output from the request channel processor 114 is a request energy
level. Each of these energy levels, in this particular embodiment, is fed to a
30 hypothesis detector 140, which determines whether a heartbeat signal, request
signal, or neiﬁaer signal is in the signal 55 received by the base station 25.



i nclude the sane processing elenents, in this particular enbodi nent, so a

di scussion of just the heartbeat channel processor 112 will be provided for
brevity. The heartbeat channel processor 112 receives the heartbeat standby
channel 15 55HS. A correlator 115 uses a despreader 120 to despread the
heart beat standby channel 55HS. An integrator 125 is used to coherently
conbi ne the heartbeat signal. By coherently conbining the signal, an
integration of 1, Qand its phase causes the phase of the signa] to be
removed and output the power of the signal. Following the correlator 115, a
rectifier 130 (i. e,, absolute val ue3of the 20 signal squared) rectifies the
power of the signal, which is then integrated by a second integrator 135 to
cal cul ate the energy of the received heartbeat signal. The second

integrator 135 pr oiihdas;mfrnmnhajo‘p@h@'rstdetwmbli‘lﬂéﬁﬁr@\rideedfto hetagingubihe which is

cal cul at ed over,_.s nt ery n- ¢O ent |nt at| on provides
just magni tugég ?'? S(tar‘l%m?g‘f‘%lsrﬁ‘le %Q}F%WQ%EB&F gg du“{t Sunsmkc sing a
cross-over of Feﬁ@estto%@a&ﬁre%@cﬁ@lﬁg Waag&npmem,,wh\sﬂa; i@lnepaticddse anbiguities in
determ ning the energy. of the c%nal in the a Elsence of the non coher ent
conbi nati on. TREOHHEPu aMeareat Hbf UubiomR e mrathess Jee€¥ar’112 is a

heartbeat energyn, ie%’e%éuren?eﬂg 111ic|ﬂﬁe %ﬂnﬂlﬂx‘% thé hemBek Biecoﬁ&@ﬁ{ﬁétreqﬁ&@ﬁlﬂﬁlls processor
114 is a request energy | evel these energy levels, in this

particul ar ensowdiureae ratxoyfh@abqa@s@d%chayrpféﬁlwﬁ agd Hesribeat SIUUAAEivarhi ch _
det er mi nes "meégﬁ% rgﬁlgthﬁa%t'bgag?éques{ ?cﬂb‘eeﬁénfg% %g!mrthrgé grﬁﬁ'a}lé‘er signal is

in the signal se station _ ut’put fromthe
hypot hesi s defse(fdrmr F]lﬁﬁbmhe }mpoxhesctetdtettor BOshathe diffechenie enﬁtg)EleveTsmf state

machi ne i s use determ ne whet her. t he fii n request to
go active' acd er‘B IR OPS MRS WHCR PREYPF IS %g%rF 8& r‘F%”S%@% ‘%’i’@l ar

enbodi nent ;g i Sn@nfiRAIHE6@EEAIrdsOfhe hidetbeud ktdby Eratiel 5516S aietktesi requéat ect or  140.
5 Exanpl e neasurenents include counting the nunber of consecutive request

signal's, measeiierrherack 3RS By bsomcessekdireidndinstenaaialc 14 fhal s and _
hear t beat T equESlnAskhfer me*mrdnﬁlt 484 g%h&tlng:@gefa&tng. hes dpgat request active

signals in a given tinme span, forth urther, the hypothesis
detector 140 amjnctEhéolwwﬁﬁg@r@methwf@nemww@%ﬂtbe gite machine 145.

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 a request (i.e., ‘request 10 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 counter is compared against a threshold. If the detection counter exceeds the

thresheld, then, i step 250, the state machine 145 reports a detection of a ‘request to .



the indications inproves system performance, but are not required for the
present 10 invention. In other words, the heartbeat standby channel 55HS and
heart beat request active channel 55HRA may be processed directly by the
state machine 145 to determ ne whether the field unit 42a is requesting to
go active. Mirre detail is provided follow ng a description of an enbodi nent
of the state nmachine 145. In this particul ar enbodi nent, the state nachine
145 outputs a Boolean true 15 or false signal, An exanple of a process
executed by the state machine is depicted in Fig. 2B. Fig, 2B is an exanple
fl ow di agram of the state machine 143%: The exanple 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
det ection has grictve dym thafigd ept 42851 thevisteghionceuigidasiot 9dsedtbeei ves t he

output from the PR & ASLEGL ks B LLLPNsUARLa Mo life Slcflp machi ne
nterrup utine™,” begin tep

145 may act as an 1’ t  service ro nfng 1n s 15, upon
recei pt of anyouut frotn thelopothesisaleleytpot4éesi s det ect or 140. The counters are

cleared (i.e., set to.zero on_a . determ i,on of etection or a
non-detection to r QFmWﬁ@%HgggﬁF@ f’EF%%EZ@t%%”ﬁWf@%ﬂ%@mg%?@3boot of the
detection proC&se@k 140 it Qetei@bnddinCid $8 € tedvediQhen Helsla@whAtgine @421 pt of the

out put fromthe hypothesis detector 140 in stei 215, the state nachine 145
det er m nes whefoRBRuSE Kt e puln ssp 2L hdheripiFon #8EF $4BtTemeRss 2 19psdetaction; [ equest

(i.e., 'r equeséouht@r.% Isqt@;gﬁjo\,/gdétermlir{atibfﬁﬁ maﬁg‘ﬁﬂo Rﬁﬁhéﬁ}@tﬁn%ﬁ&ioﬂe 145 conti nues

i i1 step 240 1n whic detection counter is incremented. In step 245, the
detection 30 oountereddsa thospad.eld yesghiemibe state trhasharhidh gontinuestineteplet ect i on

count er excee the .threshol d, ,th in step .2 t he. nachi ne 145
reports a detg%?i%ﬁﬂ%?nﬁaﬂﬁ%gﬁggeq?%mPTEEﬁggé%ggggp??f%%?%ﬁ%gqieId unit 42a.
| f the det €ct i arive byrHediclddm@d2n al the xeeddectibiecouttar éehmdt@xceedhithn t he state

machi ne 145 returns. to step 215 an its to recejve another output from
t he hypothesis&%ﬁW@%FﬁPﬁfi%¢r@ﬁh??ﬂﬁ%%QmPﬁsWé?@ﬁ?%o Fig. 2B, if, in step
220, the output of Foh&vihyRedshes ks 259, tHELLE adhink4Q5 bisard eleRbutider not to be a

“request', then the state machi ne 145 )
step 255, allowing the state machine 145 to detect future ‘requests to go active’ by

the field unit 42a. In step 260, the state machine 145 ends.

15 The detection counter is used by the state machine 145 to determine how
many 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 number of consecutive detections, a given number of detections in
a given time span, or a ratio of detections to non-detections. Alternative non-

20 counting based measurements may be employed to determine whether a request is
being made to go active, such as measuring the phase of the request signals.

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 vanables, 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 channel processor 114.
Further, in an altemative embodiment, the state machine 145 may be included in

combination with the hypothesis detector 140,



continues in step 225. In step 225, the state machine 145 increnents a
non-detection counter. In step 230, a determnation is nmade as to whet her

t he non-detection counter exceeds a threshold. If yes, then the state
machi ne 145 continues in step 235, in which the state nmachine 145 reports a
non-detection of a "request to go 10 active' by the field unit 42a. If the
non-det ection counter does not exceed the y4hreshold, then the state machine
145 continues in step 215, Follow ng steps 235 and 250, the state nachine
145 clears the counters in step 255, allowing the state nachine 145 to

detect future "requests.to go active. by, .the field. unit 42a.. In step 260,
the state machine 1%5.}%?&1%“&?&ﬁﬁtlééfiﬁlﬁﬁné%ﬁﬁ{l%ﬂ‘\ei%atﬁ?é 91’?@@ state
machi ne 145 t 0 ek RifehiBR Wroy By WheheAhk 3k @it 224 & GHEH 2 tQuEA 1@ghi ve'
have been received by the detectlon94grocessor 110 according to a given

criteria. The estiveethehypathesis detecton 49 wralso empleyefdi ng a gi ven number of
consecutive detecti a_aiven r ' | i . 04 ty span,
or aratio of det ect(:% |Bosd‘r"5ftse 0 env?(?rglﬁ-c gg@%t(?gﬁ/sa& eﬁ,&?%%?’ﬁ%??@%%ﬁ%@%éd%@?ng
based neasuf ememthsiestypidae fiengibny ddr bxantisie, dn thin partioelahenbadimenyést is  being
made to go actjve uest als. It

,.. syuch as neasuring t hase of the r i
shoul d be unde ¥PUBErLY drigcton ]t@r"r?é‘iﬂag%” efﬁrlf‘édé?mﬁﬁq?‘ﬂ@g"&?ﬁﬁﬂtc H& or
other criteriacagyy el .gv.?, IarthBa cﬁ%l?ggg%@%ﬁr&@m%ﬂés alselon@eABRY Gevel hE State

machi ne 145 may uSe otr process , _non-counter variabl €S, or other
standard or noithreghodd agaast thetseernd epgrey lpwrl (det evaviestiengraa letebect i on. Furt her,

ather han Tecel i 3,tE ko SAMA R R RS RS R e
processor 142 enenggimrebindthamepicsiunorpydec atciNdB akd i1 8 respertianlyalhber nati ve
crbodh e {34015, RS AR5 UL AELAISTL Do SORBAOELL R
using the stat epmem_ﬁlmei,ﬂdﬁph @s baed eﬂfaaiamsmdtteh_pl&wlh lgrelDRakuhl hiybedepbtal -t he
)00 £ 205 TR, S, SR 0 00, SELLYE, o Hhe RO 5 det ot o
hypot hesi s det ¢gd@ce T Ghe case of the energy level calculation and comparison, the first and
15  second energy levels may be dependent on occupancy of time slots in the signaling
chanmel(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 transmissicn on the reverse
link) is being made by the field unit 424, 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 consecutive reguest

93]
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signals is determined to be twao or more consecutively. Alternative criteria have been

discussed above.



5 includes | ogical functions. For exanple, in this particular enbodi nent,
the hypothesis detector 140 conpares a first energy |evel threshold against
the first energy level (i. e., heartbca t energy l|level) and conpares a
second energy |l cvel threshold against the second energy level (i. e.,
request energy level). Exanple energy |evel thresholds against which to
conpare the heartbtat 10 energy |evel and the request energy level are 9
dB and 11 d13, respcctively. The energy |evel threshol ds maybe
dynarnically selected, predeterm ned, or applied in another manner, such
as based on a transmtted power |evel6: which may b O reported by the field
unit to the base station over the heartbeat standby channel 55HS, for
instance- In the case of the energy |evel calculation and conparison, the
first and 15 second”xse@efn@?yd IngvletescatayishiC, diedenrthspttchemelrmesprahbh?, of ti me
slots in the sign ¢5) ener gy

| evel threshol dﬁg éa Cha%nel 51]394}?0 z?andJﬁ)ngthPsYs C{eggtoglrm b%f%lmtla rrfg% er of "I"
bits used to i ﬂehxgﬁedeaamrnﬁerum&nohmorgm ca;cmpama ofomeﬁbts wsertdbamliceteaher equest to
remain in idle node. Use of the rn rcy Ievelh%ﬂresh s i, discussed in

related U S. BSAehP Chgse Fonpiigrtia A OBy F?t ci¥ear t beat 20
Signal At A slowRhdadhadhitbesy dcbeahc RGBSy excRYivEERE tRinneld -suchfas kiRMvn
concurrently hercwith, the entire teachings of which are incorporated
herein by r ef eitcfigee3B Axd Hi-scussed above, the out put of the hypothesis
dcteotor 140 is nea 1.ne whet her to
change the state Of&g%@ﬂmpy E%?%%%?%ﬁgNﬁ%n%gﬁf%%Qa&gﬂgﬁkgﬁg&state of
reverse |ink tcmmmﬂpnmhmmﬂéﬂsmbemweehmmapuma&hﬂdeJMnMﬂﬂmEé’ind t he base
statlon 25, For ex?ngl & S|sf$ g ) ﬁﬁ%& rn1nes that a
‘request to - 0FHEPIRIN Erece’§ er§y GoF 8T PF AR, §§| O e revtrse
i nk) is beiong: ﬁﬁ@dﬁonbymebhﬂaefmf%hﬁbrumst 1% 2Ray b"e h@nsted)encsmamrgya@ial ne 145
outputs a signal to a rocessaqr (not sho g%ﬁf 25 that is
responsi bl e f ofrERALs larzchgv tpByPe eSIi)%swré‘*O EB‘E?HLPP%WT CRFEYAY Saffl c

channel 55T. Iaft%lﬁeaﬁeerat ma%@@st@@mmagemo belali@sted B B Redback Bbp.ocate-s the
traffic channel 55T if the nunb consecutive request sipals 1is

6et errni nt ed t Othsefeedbagy mawumaéhecwm@@r@nﬁmn&@pyve milseereatiregdoracrittri have
been discuss eS'et@cH&Y fbe increased or decreased or (11) the number of transmitted request

o

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 In either 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 to 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



-16 As described in reference to Fig. 3C, the heartbeat channel processor
-112, request channel processor 114, and hypot hesis detector 140 may be
configured or designed in a manner that nonitors an occupancy of time slots
used to indicate the request to change conmuni cations states. In one

enbodi nent, the detecting 5 includes nonitoring occupancy of nutually

excl usive code channel s, such as shown in4igs. 3B and 3C. A feedback | oop
(not shown) may be enployed to cause the heartbeat channel processor 112
and request channel processor 114 to be "adaptive". For exanple, based on

t he received ener | evel, of the, heartbeat channel 55H...the 10 j.ntegration
Hime of Cthe i et iens Pl G G £ 7 A g Cianaas AR e Sgkston 08
threshol ds usegerytiohher Bupet Besissedigtretdice ItPigf ar conpari son of the energy
| evel s of the heartbeat and request si gnal s may al so be adjusted by the

feedback |oop. O héR analyEip Ay healped tusek the Jansmessiompedier oY DEBPRIGE ut | ve
pul ses requi red,{ofindy indRLEGAL %grhtef?eéh%laél@&reﬁg&% BlsciS&d ﬁ%%@gneagbe(' 1) the

nunber of transmtted request signhals to be I ncreased or eased. Such
a feedback 3 oopmplyed setha commpnitandnsosystemefss agesingihe Nalisfrartoichfmgentst | on
between the BTS.25.and field unit 42a,that jncludes. i.nformati.on regarding
Che bl se. r epeP VSRS 8t Ittt teodre! BRPELI R Pldatioaits kel &

hear t beat - W t hpfedeafraines signal - @atis, thetbroyididpaht dedied paddabAdaof As

di scussed abov ommuni cati ons state may be a standby state 20

t he first
and the secondﬁéﬁmﬁﬁsﬁﬁ?%ﬁ%@rﬂvmﬁe a payl oad state. In other systens

or even the sameEysti©N the conmunications states nmay refer to other
communi cations states, such as a request to change base stations, power

control sigfaling, dntimylptiondesarevare lighaasrorducicdrgire Siegrearse dieti tions or
energy levels LRufiedR8hiRGAvr IR A% BRESE Phinfie adg%b&%@ﬁleeﬁx%%pw 5es€SS,

wi red, or optical comunications systens, 25 Ln either case,
comuni cat i ons sBavat exFigR 3 A 3Ces atother type ebcappmuaicetions dimngisnelimg. ons syst ens.

As al so discussed abgueudge36 Bh0%al EXRIIRKE HARE ANl 2T gt

probability of detection, false detection, or conbihation o as
di scussed in First, power control is used on a combination of detected paths or in a single path.

15  Power control is performed even wﬁllcn a positive detection is not achieved. Second,
the probability of detection was set to achieve detection at a high enough rate to
ensure that power control is performed on the coﬁect 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 a

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 | chip 81,4 ft
Handset Velocity 60 mph
25 Handset Velocity 88 ft/s
Chip Slew Rate 9.2 chips/s L
Heartbeat Rate 50 ' HB/s |
Heartbeats/Td 462 . |




reference to Fig. 4. In other words, the field unit may transmt the request
signal at a 30 given power |evel or a given nunber of pul ses per given tine
period to achieve a 17_ corresponding signal-to-noise ratio for a given
target probability of detection, false detection, or both as discussed in
reference to Fig. 4. An analysis may be used to set the transm ssion power
or nunber of transmitted indications, or_i{fie feedback nmechani sm di scussed
above maybe 5 enployed in the communications systemfor causing the field
unit to change its behavior so as to have the received energy |evels of the

I ndi cati ons achi eve redet erm ned sj.gn to: noise_rati t.hus. provi di ng
t he desired probabi II“?F 9 Sﬁ’ﬁggqlg%:??rboﬁsg%ffaéfg?%dea% 88??%3&551"15%%?%?@?

SI MULATI ON 10 Aegitiait pilsomubihe ditdeedad shsurt the sivatl Rordued ecthehigles ftahtyal
reverse link is _ assuned to have power control and a heartbeat channel of
any of the examffths UGS skeWahALT 19 IRPYEuers Al the vshickn Jehlerl shypya g one ow
comuni cati ons diie Dk 68 Bl rust el SLoivEd Wik 2 3 1P pABIHIER} LORSlihakichaY ©
been nade for this Simufation. First, power cont oP I's used on a _
conbi nat i onSof ldstgthieddiclagied thersigmal.a single path. 15 Power control is

performed even when S td.ve tecti,on,is t ~achi eved. Second he

probability of det ecﬁs[sgcgoz\}vggs aé?ﬁ?%onagfﬁ veéh(gng@?tf’%thona‘?rasaseﬁﬁaﬁ] aétr%%lﬁﬁﬁ rate

to ensure thatdepeven/faanddationpraebiliticstd ¢QFid. 38 Walle dablesli ig definedFor

clarify, detection.is r.egqtiji red to tr %t he received sitgnal . Table 1 shows
|

the rate of det@CHF¥hHMIEGIFIEH Hpisy (g Ne Tis erpectednhal the pehelilitspol eni cl e
movi ng away frofgdchen Baset %E%Py Qffe@bd ?Q%ﬂel_a@bé $ sh&p b oLRBHHRS Thiat dﬁ_@gge

Ly
is at |east one detection™p slew of a chip diue to novenent. TABLE

Sl ew Di st affe ftorthe stetirtpalindspepdongs ef thedhding fpsOmpribertmudetto Yedrdertnpdei t / s
While the individual pulse probabilities of detection varied significantly, the

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

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

Based on this analysis, a 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 m 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 Té 462
Probability of no detection in Td 2.44E-02
Probability of faise detection for 3 sequential 1.00E-0e
30 Required no false detection trials 462
LProbabﬂity of false detection for Td 4.62E-04 |




Chip Slew Rate9.2chi ps/s Heartbeat Rate50 HB/s Heartbeatsi Td 462 -18 In
Table 1, the tinme 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 tine
of arrival of the signal is skewed due to novenent of the vehicle. Table 1
shows that one out of every 462 pul ses nust be received with a very high
probability or there is a risk of 5 Iosigg the tracking of the signal.
Based on this calculation, the threshold of "detection was set froma table
of detection/false detection probabilities (e. g., Fig. 4). Wile Table 1
is defined for Additive Wiite Gaussian Nojse (AWGN), it is expected that
the probabilities of° fe@é?‘é@lelpé‘?baéﬂéy rbtalwrdstretion. ghres seaupnyvledetertipns wetevel vy
short amount [ 1%@ I e of the
fading from hggﬁ{l;éeﬁ:cf pu itgat%o %%%gggtﬁ%g %te:?%%hﬁgﬁﬁe% %g%\q}?%(g pul se
probabilities mﬁlh@bcmlmﬂuvameeﬂtew@abMaﬁz $iggletfhlee demetlcailblce‘@asﬂl ts were

not seen to vary si re _than tor 50%in the
| at ency of det ectloﬁ'ﬂ" %g’gﬁ’fu&lﬁf@ws ?’ﬁé“’%{%“rgﬂi @F’éggtﬁ’%r? ﬁlﬁl for the
request nmessagaterfrahcy@hsigswhiths 8t INUBAsREtel 0véaHg Bhiyre LBIF réddired@Km hr .
15 Again, this result is_due reguiring a detection process rather than a
more difficul tachlféﬁﬁ%?t%fﬁ“ﬁﬁoéfﬁ?}% s. Based on this analysis, a probability
of detection of 20% and fal se detection of 1% was selected. This requires

an average Eb/No of 3 dB. This is shown and discussed in reference to Fig.
4. 20 Table 2 shows a cal cul ation of théASldbhability of detection and fal se

detection during the tWﬁ%@W@ﬁ 30Tigguet| E/ 1o
(entire energy/interferenc ensi ty)3dB
- Processing Gain 256 .
10 Burst Ec/Io -21.08 | ¢B
Average Be/lo -40.9 | dB }

Since the heartbeat channel 1s time division multiplexed (TDM) in structure,
the interference to all other users due to heartbeat users increases as follows:
Effective average Ec/lIo (all HB users) = 10* log1 O(N)-40. S, 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-21,08dB.
‘While this invention has been particularly shown and described 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.



Probability of detection0.2 Probability of false detectionO,01 Probability
of detection for 3 Sequential PCB8. 00E-03 Nunber of trials in Td462
Probability of no detection in Td2,44E-02 Probability of false detection for
3 sequential 1. 00E-06 Required no false detection trial s462 Probability of
fal se detection for Td4.62E-04 _19_ To reduce the probability of false
detection, three sequential detectionS0were required to validate a single
detection. Since the probability of false detections is nultiplicative in
this case, .the probablllty of a single false detection is cubed. Table 3

bel ow cxP¥t dlpigicdigie 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 10 Target E/103dB processing

Gai n256l. Burs&c@nmumc@mmagchmm@m%@@ Be/ | 0- 40. 9dB Si nce the heartbeat charnel

Is time division rrgle Vem‘ gct% Jlswlea%ﬁoé % Hefv?ngr (O%tzf"ﬁrs't {htd%':’ipgﬁ ?f‘e?ﬁ rsf O al |

other users due f0°fear PheT 63 es as ective average
Echo (al | HBowgrm&htienskite,laadi(iO)deedl inicatidnebea Nquest thehanjStonuseberd of
users. Thus, for 96 users of a given base station, the average total
|nterferencéOWFWPwa%ﬂﬁﬁﬁn?he burst Ec/lo or-21.08dB. Vhile this invention

has been particulafhy oﬁ@ﬁiﬁlﬂn@ﬂ@r ARRksimes 1kt dhe Hrﬁfti%ieesﬂ'@t%r a@ed@hgfaeer red
enbodi ments thereof, it wll be understood by those skil
first 1nd1cat10n and at least one second time slot for detecting the second indication;
a counter coupled to said at least one monitor for counting at least one of the
detected first or second indications; and
a logic unit coupled to said counter for determining whether a request to change

communications states has been made based on the counting.

2, The communications unit according to Claim 2 wherein said logic unit compares a
number of counted detected second indications against a threshold of at least two

detected second indications.

3. The communications unit according to Claim 3 wherein said counter resets if non-
consecutively detected first indications or non-consecutively detected second indications

are received in the at least one signal.

4, The communications unit according to Claim 3 wherein said counter resets if the

threshold of at least two detected second indications is not achieved in a given time span,

3. The communications unit according to Claim | wherein said at least one monitor
measures the at least one signal in the at least one first and second time slots, and
compares results thereof to first and second thresholds for detecting the first and second

indications.

6. The communications unit according to Claim | wherein the first and second time slots are

mutually exclusive.



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 clainms. -20 Wat is claimed is: 1. A comrunications unit
conprising: a receiver for receiving at | east one signal having (i) a first
indication of a first communications state, and (ii) a second indication
for a request to change to a second <e€bmrunications state; at |east one
nonitor for nonitoring at |east one first tine slot for detecting the first
i ndi cation, and at |east one second tine slot for detecting the second
indication; a counter coupled to said at |east one nonitor for counting at

| east one ofryt Bemmieic8GsmRdinftiab&drdiab tGEeRANE Wigdie 8dill 0S¢ usindetarmtingithatuni t
coupled to said counter for determ ning whether a request to cha

. . nge
communi cat i drsreaicst oshres WEHMHEENDISETS ReghBadoRindqiFyne z.re?ﬂ%gn of
cormmuni cat i ons, egag'teg\ ﬁ&%ﬂﬁgé%dqﬁd&%tiﬁ)gﬁ%v%%‘f\%'nrt‘hn%ﬁioqid,|aﬁ@b?ecﬂ1@éttn099)”p2[ es a

nunber of coun et ected secon i cations against a threshold of

| east two dkingeiceminsiemations stdésdeat bomsmads. by Theeecongraenet aen offswanthen betbor di ng
to Claim3 erein said gountgn .giets i f non- Egnﬁgﬁgtively detected first
i ndi cati ons "rOeHSHISENABE GEFAP PVL PaztyC A LSRR Cati ons  are recei ved
in the at | east one signal. 4. The conmunications unit according to Caim3
wherein said counter resets if the threshold of at |east two detected
second § ndi daticonmupisations wwiticesrdiagita Clpingil\isrihericampeipigg a stite qghgrol unit

conmuni cat i Qns j t r di al ' I: nmoni t or
measures t hé:mé‘%lg(ﬂé)asggﬁg lecqlg ﬁg%é al%%ﬁ% ﬁ]g#eg%[ml%érg}s@n%%{égqsiasﬁast% ﬁgﬁ%}mggehﬁtgnd tinme
slots, and deerpairgshitabeteysest echaofe tconrhunisttioanstaisebartetet hradehol ds f or
detecting the first and second indications. 6. The comuni cations unit
according to Caim1 wherein the first and second tinme slots are nutually

excl usigre. -1l communications unit according to Claim 1 wherein the first indication has a first
power level and the second indication has a second power level, and wherein said at least
one monitor detects the first and second indications based on the respective first and

second power levels according to alternative criteria.

10.  The communications unit according to Claim 9 wherein detecting the first indication
includes comparing the first energy level to a first power level threshold, and wherein
detecting the second indication includes comparing the second energy level to a second

power level threshold.

f1.  The communications unit according to Claim 9 wherein the at least one signal is received
in a single channel, with the at least one first and second time slots being integrated in the
single channel, and with the first and second power levels being dependent on occupancy

of the respective first and second time slots.

12. The communications unit according to Claim 9 wherein the alternative criteria comprises
at least one of the following: the first power level exceeding the first power level
threshold, the second power level exceeding the second power level threshold, the second

indication occupying the second time slots, the first and second indications occupying



7. The conmuni cations unit according to Claim6 wherein said |logic unit
determ nes that the request to change comuni cati ons states has been nade
by detecting a repetition of the detected first and second indications
above a given threshold, and a request not to change conmunications states
has been nade by detecting a repetition of fewer than both the detected
first and second indications above a g2ven threshold. 8. The communi cati ons
unit according to Claiml further conprising a state control unit coupled
to said logic unit for changing a present, connunicatioqi sgate i,n regponse
to determ firsignd sraend hwe ploduis sruteglycpralvgiae sormianet pehdedirshand sere8d peen
made. 9. The, ¢ ggyp' i 240l i hdibiswherein the first

i ndi cation ﬁg@&h |%%?ﬁyg@ﬁgﬁykgegfgﬁgg{?ﬁg£§g§§ﬁgy%%dication has a second
power |evel, and wherein said at |east one nonitor detects the first and
second i,ndi cati ons based on.the respegti fiLrst | evel s
accordilig t SFWBPHQF?W%EéWPf%?¥%SE%b€b¥ﬁ32ggﬁ%%ﬁ?%g??%ﬁggggfFgﬁﬁéording to
d ai m 9 whepgjufcdBies bhAgargberbbabslity bhditeaiohon i ncl udes conparing the first
energy level to a first power |evel threshold, and wherein detecting the
second i ndication includes conparing the second energy |level to a second
power | gvel I 11 ~ggg@' i ol IoR@r 1eQelGl @2l m 9
mhereiAqthengcﬁéggbg%W%%éngg(ﬁ?g reggﬁbégQﬁ?ﬁﬁgﬂggggﬁgq?ﬁgnﬁgl, with the
at | east onedfusted basaddnseagechrobabalits lbobfadselsleiengori.-nt egrated in the single
channel, and with the first and second power |evels being dependent on
occupancy of the respective first and second tine slots. 12. The
communigat i qmg ckRhfunREGSHsAINRG cEdiak @b Tla9nvhaicedin tHefrsaddnahnatdioas statetier i a
conprises at least one of the following: the first power |evel exceeding
the first p@Wémdbkv@ﬁaﬂ@Hﬁ@@ﬁﬂﬂd?”ﬁﬂ@“@ge%ﬁﬁnﬁ§Wéﬁyk@9éW“éxceeding t he
second power |evel threshold, the second indication occupying the second
time slots, the first and second indications occupying -22 first and second
tinme sligts iThegombmahlcgtiensainitsicweding de Ctlvad vehesgin dredfitstmndfseesd and second

i ndi cations occupy nutually exclusive first d second time slots. 13. The
connunicati8ﬂ@“ﬁﬁ¥?“ﬂ@éﬁ?ﬂ$ﬁ@ ?SC@TEWH$T§”ﬁﬁ§E§in the second power |evel is
adj ust ed based on a target probability of detection.

17.  The communications unit according to Claim | wherein the communications unit is
configured for operating in a code division multiple access (CDMA) or orthogonal

frequency division multiplexing (OFDM) wireless communications system.

18. A communications unit comprising:
a selector to select indications associated with communications states, the
selecting being based on respective power levels of the indications; and
a transmitter coupled to said selector to transmit a signal including at least one of
the selected indications to a receiving system, the at least one selected indication to be
counted by the receiving system for determining whether a request to change

communications states has been made by said selector.

19.  The communications unit according to Claim 18 wherein said selector selects a plurality
of indications, and wherein the plurality of selected indications are transmitted
consecutively in expectation of being counted as consecutive indications by the receiving

system.



14. The communi cations unit according to Caim12 wherein the second power

| evel is adjusted based on a target probability of fal se detection. 15. The
comuni cations unit according to Claim1l wherein the first comrunications
state is a standby state and the second conmunications state is a payl oad
state. 16. The communi cations unit according to Claim1l wherein the first
and second communications states areZdata communi cations states. 17. The
comuni cations unit according to Claim1l1 wherein the communications unit is
configured for operating in a code division nultiple access (CDVA) or

ort hogonal frequency division multiplexing (OFDM w rel ess conmuni cati ons
systempl8. The COMMNICERSHsQMS: ddrling @TOTHiH118Gvhefei 6418 641800t R1c8B!8krality

i ndi cati ons associ ated with communications states, the selecting being
based on respasidayenspankehesipdhe plafalithef sekegicd Aadigthions angdragsmitigd he gpven
coupled to Zﬁkﬂ;ﬁ?'eCtor to transmt a signal including at |east one of the
sel ected indications to a receiving system the at | east one sel ected
indication to be counted by the receiving systemfor determ ning whether a

request_ to change connuni cations. states s .been made by said selector. 19.
The coﬁﬂyniﬁ?ﬁ?gﬁgmﬂﬁ??@ﬁdwgﬁﬁ?ﬁ mﬁ&)%ﬁﬁpngiﬁ“ﬂﬂ%p@ﬁﬁﬁﬁgﬁwe§§F@E or selects
a plurality jn@fatioR8bmatiaf8Bitte@BSPARE 8 pRirAlRG oPS R d ihdliconseArRichRBer
indications are transmtted consecutively 1n expectation of being counted

as consecut ico@piisiag & ailiarexepyourted toseidisoleptgr ansligsaidhtrangigitzg for prdtiplexing
conmmuni cat i Qns i rdjing. | . whereln,said sel ector selects a
plurality o‘”ﬁﬁgpﬁaﬁﬁgﬁéakﬂga}@ é%%kgh%ﬁgﬁgfﬁggﬂ%ty of selected indications
are transmtted in a given tinme span. 21. The conmuni cations unit according
to Claim 18 wherein the at | east one &E&%Cgﬁgl i.n icaﬁion bei n ransmtted
conpri ges a |HF GPAMUPIFAInSIBIACEUHINg f)y ilgpyeer e@&‘?ﬁéWeS@B%ﬁiising a

mul tipl exer ;cauphg@eig n%ﬁérﬁitt%@h@rﬁfé&sres anfiriify %Pﬁéﬂectterdailiﬁi%ﬁ&n‘ﬁf arldQfherein

mul tiplexing the plurality of indications in time slots in a signal
channel . 22 traffvaitiogrthe silecdd iodisatimistis partoomed mept {eastCinaiofntliedfollhemgi n t he at
| east one sel ect ed . . . .
manners: in mutually exclusive code channels, in mutually exclusive time slots, in vacant
time slots, with respective power levels, with a given repetition rate, and as a non-coded

carrier signal.

23, The communications unit according to Claim 18 wherein the communications states

comprise at least one of a standby state and a payload state.

24, The communications unit according to Claim 18 wherein the communications states are

data communications states.

25. The communications unit according to Claim 18 wherein said selector also selects the

indications based on a target probability of detection.

26.  The communications unit according to Claim 18 wherein said selector also selects the

indications based on a target probability of false detection.



i ndication being transmtted conprises a plurality of selected indications,
and wherein transmtting the selected indications is perfornmed in at | east
one of the following manners: in nutually exclusive code channels, in
mutual |y exclusive tinme slots, in vacant tinme slots, with respective power

| evel s, with a given repetition rate, and as a non-coded carrier signal.

23. The conmuni cations unit accordi ng2tto C aim 18 wherein the conmuni cati ons
states conprise at |east one of a standby state and a payload state. 24.
The conmuni cations unit according to C aim 18 wherein the comunications
states Zdre Thatr@m@@mmtmr@a}mt@ﬁ@rgmaf@@lalrz58 WHSESITE PO AN Gab s wivifj 16
according t B%% I g g% Jndi cations
based on a ?ar gggkéypfgjg %nﬁg{&ézs%@ 3'??(1:{&&%[0“ lﬁﬂq'l%%&%g I'tr)nﬁ?‘tl ons unit
accordi ng t ortihginal i@ueher@vinicaandtigletieg { OF DE) soredab eahsiuhieetionsngiteat i ons
based on a target probability of false detection. -24 27. The conmuni cati ons
unit according to Claim 18 wherein the comrunications unit is configured
for operating systemin a code division nmultiple access (CDVA) or

ort hogonal frequency division nultiplexing (OFDM wi rel ess comruni cati ons
system



