-1- TRANSM TTAL OF HEARTBEAT SI GNAL AT A LOVWER LEVEL THAN HEARTBEAT REQUEST
BACKGROUND OF TEE | NVENTI ON | ncreasi ng use of wirel ess tel ephones and
personal conputers has led to a 5 corresponding increase in demand for
advanced tel ecomuni cati on services that were once thought practical only
for specialized applications. In the 1980s, wireless voice conmunications
becane wi dely avail able through cellul ar tel ephone networks. Such services
were thought at first to be for the exclusive province of businessnen
because of expected high subscri ber coSts. The sanme was also true for 10
access to renotely distributed conputer networks, whereby until very
recently, only business people and |arge institutions could afford the
necessary conputers and wreline access equipnent. 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 15
networ ks such as the Internet and private intranets, but also wrel ess
access as well. 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 w thout being tethered to a
tel ephone line. There still is no wdely avail able satisfactory solution for
provi di ng | ow cBRANSMITTAL GF HEARIBEATCHESNALAT Ad OWER LEFEL THAN at e

intranets, and ot her networks %%%ggggggggﬁéﬁﬁ$'ng wirel ess infrastructure.
This is nost likely an artifact rtunate circunstances.
First, the typical manner of providing high speed data service in the

busi ness environnent over a wireline network is not readily adaptable to the
voi ce (grade service available in nost honmes or offices. For exanple, such:

standard higthéK&@%ﬁﬂﬂ?@F%Tﬁgﬁﬁﬁ§ﬁﬁ§@° not necessarily lend thenselves to
efficient transm ssion over -2- standard cellular wreless handsets because
wi rel ess net wor ks Inee¢aging nsegif warkless telephones and personal computers has led to a
5  corresponding increase in demand for advanced telecommunication services that
were once thought practical only for specialized applications. In the 1980s, wireless
voice communications became widely available 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
10  access to remotely distributed computer networks, whereby until very recently, only
business people and large institutions could afford the necessary computers and
wireline access equipment.
As aresult of the widespread availa‘bility of affordable new technologies, the
general population now increasingly desires to have not only wireline access to
15 networks such as the Internet and private infranets, but also wireless access as well.
Wireless technology is particularly usefil 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 satisfactofy solution for providing low cost,
20 high speed access to the Internet, private intranets, and other networks using the
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

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



designed only to provide voice services. As a result, present day digital

W reless conmunications systens are optim zed for voice transm ssions,

al though certain schenmes such as CDVA do provide sone neasure of
asymmetrical behavior for the 5 accommpdati on of data transm ssions. For
exanple, the data rate specified by the Tel econmunication |Industry

Associ ation (TIA) for 1S-95 on the forward traffic channel is adjustable in
increnents from 1.2 kbps up to 9.6 kbps for so-called Rate Set 1, and
increnents 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 mﬁreless systens therdfore typically provide a radi o channel
that can accommodate nmaxi rum data rate transfers of 14.4 kilobits per second
(kbps) over a forward link direction. Such a | ow data rate channel does not

lend itself dlrectly to transmtting data at rates of 28.8 or even 56.6
kbps that are Strdard celiwias wisplesshandsetp pesause wirgletsmeRysakior e odgiiadli ne nodens, not

to nention ev vail able with
| nt egr at ed Se‘rad\ﬂlélslg]ll gyt&?m(]ﬁgﬁ% R’Eb ? Aé%su% e eq&}ytd%&l @E%cast?a rates at

t hese | evels a:omnuamﬁrﬂnysyb&ammemgtmﬂzed fonvmcerttamransmept dthbeghreatias f or
activities such as br tB \A?"el?{g es. Althou % lg netvxﬁ s wer e known
at the time wHEHFEEERIGIEn DY IRk g Ter i CHAFpRyeal BREGCT PHICt he most
part, thereswagdndaiot Sidef namdessfons. FodehmpROtheidae kRSSessd ®Ee t 0 provi de
hi gher speed | SDN- or ADSL-grade data services over cellular network

t opol ogi es. | rife&m@mmwm?énogé@uﬁsysﬁwtlom A efonlSedhenthe frswad paffient i al users

than radio c H@ﬁ TR € access
systemis t he&ggﬁﬁg gsg%?erlgﬁcreig %ﬂ?’rﬁhg&wl tll}s’gzﬁg%-ces?gkigs provi ded by
the traditiondet Eraadjitereagnts Bomils kbps idlib tl it g kbpsAocRats S¢tRDMA)thersverg anal og

nodul ation on a p of di o uenc i S|gnals or by schenes
that permt SH%’P}{% e‘rﬁfa’feesef %?&‘%%’fate lﬁ’é‘% ‘ﬁgéf R¥sing Tinme Division

Mil tiple Aggess (T%st eRibtidgdR 1R é&bt&h@ﬂﬂerew @19&1}? pRERSSadiCEMel ¢ he nature

of the radio spectrumis such t hat i s expected
at can accommodate maximum data rate transfers of 14.4 kilobits per second

(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 rﬁade 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 to be shared. This is quite dissimilar to the traditional environment supporting data



30 to be shared. This is quite dissimlar to the traditional environnment
supporting data -3 _ transmssions in which the wireline nediumis relatively
i nexpensive and is not typically intended to be shared. ther 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 asymmetrical 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
usual ly 100 bytes or less in lengthp-over the network to a server conputer.
The server conputer then 10 responds with the content of the requested web
page, which may include anywhere from 10 kil obytes to several negabytes of
text, inmage, audio, or even video data. The user thereafter may spend
several secondsnwyssonein wedethe irgling aedwinyie etitive]y ingepengivnandninadf t he page
bef ore downl o diicn %?%Egdetg \évent%w@age. In an office environnment, the nature of
nost enpl oyee g’ﬁpuet er V\Brﬁ 5 habits is typically to check a few web
pages and then to Othesfat®ishs sugsietrsetht aésigant a extlendederpearcitied of time, such as

accessing locally stored data or_even termnating use of the conputer
al t oget her. THKBF&twEiIsEcs ok the et psrl HostramPl§sORddshiift ospmsihwebRsssfect ed to the

I nternet orspi ieﬁég}uzié ﬂ&{t—?ggﬁtccf%ﬁ h.sgiﬁlﬁ-}{é%c){l_ ﬂﬂrrétggmﬁgqﬁsgﬁhﬁée{gﬁirélﬂéﬁts jgctual use

of the high spee at a IS us y quite spora If wreless data
transf er ser viacesrss applorwarddirdciene ime tongroemapplidation, ¢ usar of § emoteadixintst wit h

Wi rel ess voice co ication,. it.is becgm ng, increasin Iyportant to
optimze the ﬁ%@%ﬂéﬁ%@f@%@%ﬁﬁ?@&%ﬁ.H%gax" e ﬁs;{g‘?ems. Fr equency
re- use and dyratrorégrah tHes s€ldahe ekb fdgt addésk 81a, atibhassusBoasRect s of
increasing the efficiency of high performance w rel ess COMA communi cation

systens, but Chlefsen jegsthoeyesihe petwarkieatrryeppomayices BigserpRmmPter ez at i on of
avai | abl e {©S 688 with MR GFthd Higud MY T &Y which may include anywhere

from 10 kilobytes to several megabytes of text, image, audio, or even video data.

The user thereafter may spend several seconds or even several minutes reading the
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 aneed for more efficient utilization of available resources.

SUMMARY OF THE INVENTION
In one application, a transmission of a marker in a time slot over one channel
indicates a request by the corresponding field unit to go active, That is, transmission

of a marker in an assigned time slot indicates that the field unit is requesting that



In one application, a transm ssion of a marker in a tinme slot over one
channel 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 -4- 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
standby node. Alternatively, a field unit transmts a narker over a second
channel of the pair of reverse link channels to indicate that the field unit
is not 5 requesting to be placed in the active node. For exanple, the field
unit does not want to transnit data*on a reverse link channel. Rather, the
field unit requests to renmain inactive but synchronized with the base
station so that the field unit can immediately go active again at any
monent. In either ¢case, a wreless,co ni catj ons system enployjng the
principl es of reviréeﬁ raffic:chape Sibi"?\??ﬁﬁ“f“g‘igu e ﬂ‘d?aﬁ%%ﬂ'@rafrgépgﬂeéi of detecting
the markers by.Rawd fgd wlit's the tabebtatbh t Biid framed hat thenaBukes Sradnidi f f er ent
power levels (e.g., 9 dB for one marker and 11 dB for the other narker),
whi ch can i npiohestandby moerep ehlferrativgly e field it trepsfriite p anadker pyer posserd | evel s of the
mar kers allo th se .station,to . tify.t e ers- using
alternative \(I:V?Illa e f)ag\ff\f%lﬁoﬁre c(r)s\%l%l? 8%%%? tf’frgdm(%{g%leart Ehgﬁﬂ,éﬁ et@("?he 15

al ternative Crdghetih@tolBylacdlich tadactenivde.i P ckdngpléytekidunitdotampect i ve ener gy

| evel thresholds, nonitoring occupancy of tinme slots, occupancy of nutually
excl usi ve codenténarseitdatagp ageyise Hak Ghammsl (hagher die figkbinilgsanssif © " i n one

particul ar enmpodi : 0 } i high priority
marker, is tr ansnlﬁﬁ%ggae %&ts{qﬁﬂlﬁlﬁ%%de‘rm{o%%ﬁs? %@gﬁk@%r@g\g}gg%%ﬂé@pr obability of
det ecti on andimmeefiidey g¢ hotivegaprabbgbndnheny of fal se detection of the request
mar ker. I n one par&%i @lrjl ar CDI\/Alsgsterrngcp@I i cagi on, .the field.unit provides a
Heart beat (HB) chafRerer G&Pfg et fOUpmyniaons fysiom atploxing e pingiplesof e " has e
station angh athe Fapaaéﬁt B aitionintal i et foftdRé OBtk ctinp aHeirk /Sy hvigSecond code
in the reverse [ink. In this CDVA application, according to the principles
of the pr es enthe fipldanits {gaasmit e markers at different power levels (e.g., 9 dB for one

marker and 11 dB for the other marker), which can improve system performance.

The difference in power levels of the markers allows the base station to identify the
request markers using altemative criteria with a low probability of error, where the
15 alternative criteria may include comparing the markers to respective energy level
thresholds, monitoring occupancy of time slots, occupancy of mutually exclusive
code channels, or combinations thereof. For example, in one particular embodiment,
a request marker, which is generally a high priority marker, is transmitted with
higher power, which improves the probability of detection and reduces the
20 probability of false detection of the request marker.
In one particular CDMA system application, the field unit provides a
Heartbeat (HB) channel using a first code in a reverse link to the base station and a
heartbeat-with-request (HB/RQST) channe] using a second code in the reverse link.
In this CDMA application, according to the principles of the present invention, the
25 field unit may transmit the HB and HB/RQST channels with a difference in power
levels, preferably giving the HB/RQST the higher power since it is a higher priority
signal,
The teachings of the present invention support -=CDMA and 1XEV-DV
systems, but are general enough to support systems employing various other

30 communications protocols used in wired or wireless communications systems., Code



25 field unit may transmt the BB and HB/ RQST channels with a difference in
power |evels, preferably giving the HB/ RQST the higher power since it is a
hi gher priority signal. The teachings of the present invention support

| -CDVA and | XEV-DV systens, but are general enough to support systens

enpl oyi ng various other 30 communi cations protocols used in wired or

W rel ess communi cations systens. Code -5- Division Miultiple Access (CDWR)
systens, such as |S- 2000, and Orthogonal Frequency Division Miltiplexing
(OFDM systens, such as |IEEE 802.11 a wireless |ocal area network (LAN),
may enpl oy an enbodi nent of the present invention. BRI EF DESCRI PTION OF THE
DRAW NGS 5 The foregoing and ot her objects, features and advant ages of the
invention wll be apparent fromthe follow ng nore particul ar description
of preferred enbodinents of the invention, as illustrated in the

acconpanying drawings in which_|ike referenc racters refer to the sane
parts thr oughBiHisiq uH@F#ﬁF@ﬁHﬂywéggﬁwTﬁéu8H¥§%%ﬁ@%aﬁiémﬁﬁwm ecessarily to

scal e, ermhash%&ﬁ %%%ﬁﬁ%ﬁ!ﬂ%@ii @FDUPHstdfs, loh s tHEH 80014 REelpssi nci pl es of
g.

t he invention. Fi I's a schematic di'agram of a conmunicatjons systemin
which in an é&ciladizmemorlofLAN)angrempoyan cmbedimpe o g prepat BEpNli8)ed; Fig. 2 is
a schematic diagram of a subsystem enpl oyed by a base station in the
comuni cations systemof Fig. 1 used to determ ne whether a reverse |link
signal 15 i ngRUGESESORIPTINN OFITHE DRAWANGEqUest to change conmuni cati ons

states based on an_energy level in the signal; Fig. 3A i.s a_.signal diagram
of a IXEV-DIV si gngiThevff”teﬁo%g Efqdrogier ?Pé?cféeg’atuﬁeg H?%Yﬂﬂ%es %@Fﬁlpmn.ﬁ%I d' and a
i agram of o SUNg GRtEAh ok RANSRE rof AR IoiRipion ST R S4e channel s
havi ng a nmar kembédimants aftlsd igmeation, anlustatet it thabecomginymgdsawingstin which fi el d  uni t
's requesting liﬁe r% e?e% g clialr']act%Psrre erutg ithceasgriqé) Fa%‘ts %t}rg&g?lgﬁt the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon
10 illustrating the principles of the invention. |
Fig. 1 is a schematic di'égram of a communications system in which in an
embodiment of the present invention may be deployed,;
Fig. 2 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
15 includes an indication for a request to change communications states based on an
energy level in the signal;
Fig. 3A is a signal diagram of a 1XEV-DV signal with a first marker
indicating ‘control hold’ and a second marker indicating a ‘request to go active’;
Fig. 3B is a signal diagram of a code division multiple access (CDMA) set of
20 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
Fig. 4 is a plot of signal-to-noise ratio versus probability of detection that
25 maybeused fn determining energy levels of the indications in the signals of Figs.

3A-3C.



Fig. 3Cis a signal diagramof an alternative enbodi mrent of a reverse |ink
signal having the indications; and Fig. 4 is a plot of signal-to-noise ratio
versus probability of detection that 25 nay be used in determ ning energy

| evel s of the indications in the signals of Figs. 3A-3C. -6- DETAILED
DESCRI PTI ON OF THE | NVENTI ON A description of preferred enbodi nents of the
invention follows. In a wireless comruni cati ons system an enbodi nent of the
present invention applies to the power that is transmtted from a handset
(or the target 5 received power at a base termnal station (BTS)) for a
Heart beat signal (BB) versus a Heartbeat-w th-Request signal (HBR, HB/ RQST,
or just the "request" signal). The -$B and HB/ RQST signals nmaybe transmitted
on a nai ntenance channel, which, as disclosed in U S. Serial No.

09/ 775,305, is a single code channel (out of many) on a reverse link of a
CDMA conmuni cati ons system The mai ntenance channel is time 10 slotted and
di ff erent useDETAMEERDESGREGION OFTHEINVENIION A field unit in that wreless

communi cations system sends_a heartheat sjgnal . to.nmaintain tining and/ or
power control as méﬂP“ﬁ@“ﬁﬁfWﬁgpﬁéﬂgﬁﬁmﬁphg?@@8ﬁ@@“ggéﬂﬁg' BTS. Wen a
termnal needs an gSSiANEd.duaMEEEEork stent heaRRIimdnher thefsennl t hen

transmts at |east one request signal. The signal (s) may be nodul ated
messages or iBesionapylies tedtheipqyer tiet is frepsaitted omts hapdset px ige targehe r equi renent s

channel s are ERPVENRI Bresar CRgpRBETALY) ty Rl aGim AT R, (T "or
HB is relative Héaﬂt&&t—wilt}i-Ré?Mst eighal (MIBR,GB/RQBE, cdiseint Gdqust” aignd).eTehat s fast
enough to track the slew of the timng of the ¢code channe ue to physi cal
20 novenent ofBrapd HE/REP R sigha s hedraemfigeon gaimieanes Pﬁﬁiﬁgﬁgﬁﬁr in the
ot ecti on or FAZNRLFOR bl N GI7S3675A SRR Bl OftERENdent o
reverse link of a CDMA communications system. The maintenance channel is time
10 slotted and different users are assigned different slots.
A field unit in that wireless communications system sends a heartbeat signal
to maintain timing and/or power control as well as an indication of presence to the
BTS. When a terminal needs an assigned reverse link channel, the terminal then
transmits at least one request signal. The signal(s) may be modulated messages or
15 simply coded pilot signals with no “bits™.
The requirements for probability of detection and probability of false
detection for these channels are quite different. For instance, the detection
requirement for HB is relatively low. It may only need to be detected at a rate that is
fast enough to track the slew of the timing of the code channel due to physical
20 movement of multi-path structure change resulting from Doppler in the channel.
The power control in this case continues to work independent of detection or lack of
detection. 7
For instance, if the signal is not “detected” because the received power is not
above a predetermined threshold but the correlation is aligned, the power command
25 indicates that the power was too low and that the terminal should “power up”. One
requirement, in this particular embodiment, is that the detection occur often enough
to allow the detector to be aligned in time to the received signal.
On the other hand, the probability of detection for the request signal is
preferably very high as a request signal is considered a high priority signal since a

30 requestis an urgent event. Therefore, the request signal may be sent with higher



For instance, if the signal is not "detected" because the received power is
not above a predeterm ned threshold but the correlation is aligned, the
power comand 25 indicates that the power was too | ow and that the term nal
shoul d "power up”. One requirenent, in this particular enbodi nent, is that

t he detection occur often enough to allow the detector to be aligned in
time to the received signal. On the other hand, the probability of detection
for the request signal is preferably very high as a request signal is
considered a high priority signal since a 30 request is an urgent event.
Therefore, the request signal maybe sent with higher -7- power, and the
threshold at the BTS nmaybe set differently. This results in a better
probability of detection as well as a |ow probability of false detection.
Thus, according to the principles of the present invention, a different

probabi ity Ok \Qé?t i Mol R1HRRARI th gﬁfdlffe nﬁf BEL RGHs §a b Qfer € e

heart beat signa reques si gnal, sl gna 8 nessage can be
enpl oyed. Baspﬂ)bamhtybédaecgmais Weylpealcarprahzbﬂ@soﬂfﬂsaﬂemﬂloman transmt the

signals with diff ent wers. Various rlterla can be. used by the BTS for
det ecting indicati 8§885PéBU§?FPE %ﬁﬁ$ﬂgn§?5ﬂ595ﬁ% exanple, in

time slotted %@m%gf@ertecﬂwéaﬁlpkdsablﬁey%mfsbu&e&@gﬁr@m@ﬂ%e& sighgl’e slots are
occupi ed when" a request is being made 10 versus when a request is not being

made. | n suchrequestsgnal,or @ItYextheaﬁma@H@ieSW be elpple}s@nce or both maybe used
as det eCtI on Crl teéas?d OI'{tEGeggnsa% e af? %Iesgge Hapa %Qns%l%ﬂ?ﬁl%la?swnl Catl ons

system 100, simlar escCri ove yi'ng an enbodi nent

of the presentiffetuEitiieasn Vaﬁoxﬁ&ﬁ&rlasinaielu@dﬂb&ﬁld@l&flfoﬁﬁﬁt@ﬂﬁgamﬁmmm 23 nmi ntains
wi rel ess comuni cations |inks with each 15 of a Eﬁurallty of field units

42a, 42b, 42cofzEmieseRtpg|e sianple| Forgrnle, apymegdotied shmelsiRURH el ess | i nks
are establi ,She;@hﬁ%%shetbﬂ%eﬁss%ﬁ@%ﬁ@%e o@éug?}e@%xgﬁg g%ﬁyggﬁsgelﬁ%&%d link 70 and

a reverse link 65 between t base stati Its 42. Each 1link
65 or 70 i®t ygi;usawhlelya requiest iapotdfeing enade. ah smomgticeal eithenecrigher powde, channel s 55
and  several %ngealor ‘t];o% %’nv%c‘t()je ds!ecpaks d%thah%n%h ena , respectively.
Fig. 1 is a diagram of an example communications system 100, similar to the
system described above, employing an embodiment of the present invention. A base
station 25 with antenna tower 23 maintains wireless communications links with each
15 of aplurality of field units 42a, 42b, 42c (collectively, 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 chanmels 55 and
several logical forward link channels 60, respectively.
20 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, in'ternet, or infranet. The interface 50 is preferably coupled to a digital
processing device, such as a portable computer 12, sometimes referred to as an
25 access unit, to provide wireless access to the network 20. Consequently, the portable
computer 12 has access to the network 20 based on communications over a
combination of both hard-wired and wireless data links,
In a preferred embodiment, the forward link channels 60 and reverse link

channels 535 are defined in the communications system 100 as Code Division

30 Multiple Access (CDMA) channels. That is, each CDMA channel is preferably



20 As shown, the comunications system 100 supports w rel ess conmunications
between an interface 50 and a network 20. Typically, the network 20 is a
Public Swi tched Tel ephone Network (PSTN) or conputer network, such as the
Internet, intemet, or intranet. The interface 50 is preferably coupled to a
digital processing device, such as a portable conputer 12, sonetines
referred to as an 25 access unit, to provide wireless access to the network
20. Consequently, the portable conputer 12 has access to the network 20
based on conmmuni cati ons over a conbination of both hard-wired and wreless
data links. In a preferred enbodi nent, the forward Iink channels 60 and
reverse link channels 55 are defln@d in the comuni cations system 100 as
Code Division 30 Multiple Access (CDVA) channels. That is, each CDVA channel
is preferably -8 defined by encoding and transmtting data over the channel
wi th an augnented pseudo random noi se (PN) code sequence. The PN coded data

is then nndul@ﬁ%ﬂﬁlbmmoémﬁaﬁch@%mu&ﬂﬁ@rﬂ?? efemne} Wit @285 es a recei ver
to decipher o g (f’?fgc&fe‘% RARL ﬁ‘ﬁé%ﬁ@@d@ﬁ'&&a%%lﬁ&ﬁld@eﬁ”' cul ar
e aSS|gned

augnent ed PN*CO glven channel . I n accordance with an
enbodi nent, emeis radiafinglencpeopriee clipyenmblis 2Bceit-D dseipbercon€P¥ent with t he

IS-QSCDI\/Astanda and 1x dard and is beof tr smttlng at
38. 4 kbps. %nmoﬁl?rl%w%qnﬂyatggpﬁc aégggimepgg? Q5 %58 of?ICvard i nk
channel s 69 ncﬁeﬁﬁ&”&niclabraaﬂcE‘GJﬁtH@&&nlﬁ)dl?hénﬂteaﬂ&ﬁﬁtﬁteﬂ mBUbupylailds Qual ity
Managenent (L 10 channel 60L, pagi ng channel 60PG__and nultlple traffic

channel s 60T. MAZ benderossistert with 8 15196 | standardeand L XBY Y stepgiaedand fsever se 1 nk

channel s 55. As es a heartbeat standby channel 55HS,
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A reverse link 65 includes at least five logical reverse link channels 55. As
shown, this includes a heartbeat standby channel 55HS, heartbeat request active
channel S5HRA, access channel 55A and multiple traffic channels 55T. Generally,
the reverse link channels 55 are similar to the forward link channels 60 except that

15 each 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
consist of 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,

20  higher data transfer rates can be achieved in a particular link between the base
station 25 and field unit 42a. However, since multiple 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

25  distinguish a heartbeat from a heartbeat-with-request signal, a brief discussion of
example signals will be discussed in reference to Figs. 3A-3C.

InFig. 3A, a 1xXEV-DV signal 160 that may be transmitted by the field unit is
shown having three distinct states: a ‘control hold’ state 165, a ‘request to go active’
state 170, and a data traffic state 175. In the ‘control hold’ state 165, the signal 160

30 does not include a ‘request to go active’ indication. In other words, the signal 160



Data transmtted between the base station 25 and field unit 42a typically
consi st of encoded digital information, such as web page data. Based on the
allocation of nultiple traffic channels in the reverse link 65 or forward
link 70, 20 higher data transfer rates can be achieved in a particular |ink
bet ween the base station 25 and field unit 42a. However, since nmultiple
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 exanpl e detector system (Fig.
2) that can be used to 25 distinguish a heartbeat froma

heart beat-wi t h-request signal, a bri@f discussion of exanple signals will
be di scussed in reference to Figs. 3A-3C. In Fig. 3A a |xEV-DV signal 160
that may be transmtted by the field unit is shown having three distinct
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transm ssi on Q{ataauansrﬂiag@l&oﬁg,m@&l(msmml ete' state (not shown). Although
shown as a single S|gnal 16 it. shoul d_be understood that the signal may
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Similarly, the traffic data transmitted in a traffic 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.

15 Fig. 3B is an example of an Internet code division multiple access I-CDMA)
signaling diagram that has assigned time slots for users 1, 2, 3, ... , N repeating in
epoch i 177a, epoch i+ 177b, and so forth. The channels are composed of the
heartbeat channel 55H, request channel 55R, and traffic channels 55T. Each of these
channels has an associated code C1, C2, C3, C4, ..., CN, which allow signals to be

20  transmitted on mutually exclusive code channels. Both the transmitting and

- 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.

25 User 3, however, is requesting to transmit data over a reverse link based on a signal
185 in the request channel 55R in the first epoch 177a. In the second epoch 177b,
user 3 begins to transmit traffic data 190 in an associated traffic channel using code
Cs. _

Fig. 3C is a more detailed signal diagram of the 1xXEV-DV signal of Fig. 3A

30  that is used to indicate a ‘request to go active’ to the base station 25 from the field



di scussed in reference to Figs. 3B and 3C. 15 Fig. 3B is an exanple of an
Internet code division nultiple access (1-CDMA) signaling diagramthat has
assigned time slots for users 1, 2, 3, ... , Nrepeating in epoch i 177a,
epoch i+1 177b, and so forth. The channels are conposed of the heartbeat
channel 55H, request channel 55R, and traffic channels 55T. Each of these
channel s has an associated code O, C, C3, 4, ..., CN, which allow signals
to be 20 transmtted on nmutual ly exclusive code channels. Both the
transmtting and receiving systens process the information in the channels
by using the codes to separate the information respectively included
therein in a typical CDVA manner. |0t he exanple shown, users 1, 2, 4, 5, 6,
..., Nare requesting to remain in an idle state, indicated by the presence
of a signal 180 in the heartbeat channel 55H. 25 User 3, however, is

requesting to transmt data over a reverse |link based on a signal 185 in
the request charilel igBRemhoditientsthe HEVeRYsignal seemppspdofaukiplesidlgpoch 1770,
user 3 begins t r mt .t | [ 253041 aled sg@f fi ¢ channel
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signal of Fi gThe3Aarti#At dhbx@ie] § 551 preddestcontinnalis diating aad othexjufeshation (g, active' to
the base station 25 fromthe field . 10-_ upit 42a. . | hi s di ment, the
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channel 55H provides continuous timng and other information (e.g., power
| evel , synchr ofithelse gatjondb do Jeqiesiontraffieechiing] eh thevieversedinki6 fethe base station
25. 5 The field unj.t 42a uses the request channel 55R to nmake a request
(e.g., digitalPPYNEGH t he base station 25 to request a traffic channel on
the reverse |ink ﬁﬁgt_hhé?aiﬁ&ﬂé 1954,1954) a1, 295f Gaitptivelg 199) dengpeliyods  195a,
195b, ..., 195f (collectively 195) denoted by arrom% i,ndicate tinmes or
intervals at mwnn@w&e%%@%&@%@%sﬁé sapRJpsthe,me plats o @‘_erequest
signal 55Rgangd,, QptL AN ¥, dpEndl§ahd REReaRAMBEISEDS Hetbohifel Riig: ne whet her

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

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

15 code channels 55H, 55R in all or a subset of time slots. In one particular
embodiment, the base station 25 samples mutually exclusive code channels 55H,
55R in time slots designated for request indications, such as in timé slots at sampling
times 195b, 195d, and 195f. During these time slots, the heartbeat channel 55H is
“inactive,” but the request channel 55R is “active”.

20 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
may be based solely on the respective energy levels of the heartbeat and heartbeat-
with-request signals in respective time slots over a given time interval or spanning
several time intervals. In one particular embodiment, the ‘control hold’ state 165

25 indication has a first energy level, and the ‘request to go active’ state 170 has a
second energy level.

In this particular embodiment, distinguishing the two states may be a matter
of measuring energy levels of the signals(s) and (i) comparing the energy levels
against at least one threshold or (ii) determining that a request is present, optionally

30 in amutually exclusive code channel in time slots when the heartbeat signal is at a



a request for a traffic channel is being made. It shoul d be understood that
the sanpling nmay occur over the entire tinme slot or a subset thereof. Also,
t he heartbeat channel 55H and request channel 55R use nutually excl usive
codes, in this particular enbodinent, so the sanpling is performed on their
nmut ual Iy excl usive 15 code channels 55H, 55R in all or a subset of tine
slots. In one particular enbodinent, the base station 25 sanples nutually
excl usi ve code channels 55H, 55R in tinme slots designated for request

i ndications, such as in time slots at sanpling tinmes 195b, 195d, and 195f.
During these time slots, the heartbeat channel 55H is "inactive," but the
request channel 55R is "active". 20-lAs discussed above, the signals in the
"active" request tine slots may be nodul ated nessages or sinply coded pil ot
signals with no "bits". Thus, detection may be based solely on the

respective energy |levels of the heartbeat and heartbeat- w th-request
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the energy | eybsily of faBe sétepiiah, P(fdpudves ititedhdrt). Thipclmresho®s syst em
performance, one can refer to Fig. 4, which proyides a cgart'for sel ecting
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probability P(fd) as a parameter, calculated for a non fluctuating 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
15 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.
20 Before prox}iding an example model and discussion regarding example
Heartbeat standby 55HS and Heartbeat Request Active SSHRA energy levels for the
example communications system 100 (Fig. 1), a brief discussion of a processor and
detector that may be used in the system is now provided.
Fig. 2 is a schematic diagram of a request detection processor 110 used to
25 determine whether the field unit 42a has requested to send data to the BTS 25. The
receiver Rx 35 receives signals 55, which includes the maintenance channel 55N,
traffic channels 55T, access channel 55A, heartbeat standby channel 55HS, and
heartbeat request active channel SSHRA. The reverse link channels 55 are

processed such that a heartbeat channel processor 112 receives the heartbeat standby



probability of false detection, P(fd) (curves in the chart). This chart
shows a required signal-to-noise ratio at the input termnals of a
linear-rectifier detector as a 10 function of probability of detection for a
single pulse, with the false-alarm probability P(fd) as a paraneter,
calculated for a non fluctuating signal. It should be wunderstood that
alternative paraneters or factors nmay be used to establish or define the
transmtted power levels of the indications. At the circled point 200, the
signal-to-noise ratio is 3 dB, P(d) = 20% and 15 P(fd) =1 % To increase
the probability of detection for the_same probability of false detection,
one sinply needs to slide the C|rcléa‘p0|nt 200 upward al ong the sane
probability of false detection curve, which suggests that an increase in the
signal -to- noise ratio is used to inprove systenlperfornance and, thus,

inmproving the  likelihood that the . request,.si aé% ted qui ckly
20 Before prothadiehe® }é%:%ﬁ%e%} &@B%llpf Fﬁaord]@é%gg?s tﬁn Jflg Faéﬁ%]%éu exanpl e
Heart beat st apdhy hals Bagsteart beat Request Actl ve 55HRA energy l|evels for

the exanple conmunications system 100 él , . a brief discussion of a
processor and detﬁl@ﬂl@ﬁ»‘l’fb@ﬁ&b&nﬂdwmess@slé an eﬁ%@@%@ﬁ?‘ie?’oﬁ% provi ded. Fig.
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recei ves the eat standby channel 55HS and a request channel
processor 1l4chaewdbiEs Mmtmtl%amsﬂe‘qwsﬁnﬂymbw tarheamterbig@A. The
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Following the correlator 115, a rectifier 130 (i.e., absolute value of the 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 non-coherent combination of the signal, which is calculated
15 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-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
20  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
hypothesis detector 140, which determines whether a heartbeat signal, request signal,
- orneither signal is in the reverse link channels 55 received by the base station 25.
To determine which signal(s) is/are present, the hypothesis detector 140
25  includes logical functions. For example, in this particular embodiment, the
hypothesis detector 140 compares a first energy level threshold against the first
energy level (i.e., heartbeat energy level) and compares a second energy level
threshold against the second energy level (i.e., request energy level).
An example energy level threshold to compare the heartbeat energy level
30 against is 9 dB and the request energy level threshold is 11 dB. The energy level



The heartbeat channel processor 112 receives the heartbeat -standby channel
55HS. 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 I,
Q and its phase causes the 10 phase of the signal to be renobved and out put
the power of the signal. Following the correlator 115, a rectifier 130
(i.e., absolute value of the signal squared) rectifies the power of the
signal, which is then integrated by a second integrator 135 to calculate

t he energy of the received heartbeat signal. The second integrator 135
provi des non-coherent conbi nation ofl3dhe signal, which is calculated 15 over
short tinme intervals. The non-coherent integration provides just nmagnitudes
if the termnal is noving too fast, thus causing a cross-over of the

180- degree phase point, which can cause anbiguities in determ ning the
energy of t he tigésholds manbe dmamighityeniceted predeierminsd.- & Gplicd it an08¥¥bi nat i on. The
out put fromthe heartbeat cha : r nergy 20
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(i.e., ares®a second energy leve t hreshol d
agai nst the segphdindaiengdel evel (i.e., request energy level). An exanple

energy level threshold to conpare the heartbeat energy |evel  30_against is

9 dB and the reque@hemgﬁﬂhg&(}’éﬂmﬁ%&@ﬁﬁbi rf‘@’bfi‘_sedlégchﬂ%e@ﬁéﬁa_ Wi evel -13-
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manner, suc on a transmtted power 1evel, which nmay be reported by
t he that a ‘request to go active’ (i.e., send a data transmission on the reverse hnlcg/ls

being made by the field unit, then the hypothesis detector 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 embodiment, the BTS 25 allocates

15 the traffic channel 55T if the dc;tected energy level of the signal is determined to be
above the second energy level threshold. Alternatively, the BTS allocates the traffic
channel 55T if the hypothesis detector 140 determines that the detected energy level
is below the second energy level threshold.

As described in reference to Fig. 3C, the heartbeat channel processor 112,

20 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
includes monitoring occupancy of mutually exclusive code channels, such as shown
in Figs. 3B and 3C.

25 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
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

30 of the heartbeat and request signals may also be adjusted by the feedback loop. Such



field unit to the base station over the heartbeat channel 55H, for instance.
In the case of the energy |evel calculation and conparison, the first and

. second energy levels 5 nay be dependent on occupancy of tinme slots in the
signaling channel (s) used by the signal 55, so the energy |level thresholds
can be based on an expected or specified nunber of 'T" bits used to
indicate a'request to go active' or to indicate a request to renmain in idle
node. The output of the hypothesis detector 140 nmaybe used to change the
state of 10 the communicati ons system For exanple, if the hypothesis
detector 140 determ nes that a ‘re_ugst to go active' (i,e., send a data
transm ssion on the reverse link) is being nade by the field unit, then the
hypot hesi s detector outputs a signal to a processor (not shown in the BTS
25) that is responsible for providing the portable conputer 12 with a

traffic Chann?kete 5‘13-1{ lot)}g8‘{32gse%@ﬁﬂiaﬂ?&%nﬁsgaggtoﬁﬁgsfgﬁnﬁg{n%gE%@eé‘rﬁh& he traffic

channel 55T i e det energy [ eve sign etermned to be
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the traffic hapnel 55T if the hypothesis detector. 140.determ nes that the
det ect ed eperé?ﬁ&?%@ﬂm J?MQQWﬂWW% 1@%@%?@“@%@%@@9Q§hﬂmﬁhreshold. As

described in refergnf®uised fHode, 1RGirstichambfadioReddte Mg eitan@ppcessor 112, 20
request channel processor 114, and hypot hesis detector 140 may be confi gured

or designéd fammaunietiersrstaterad thesatond penmricet s shtsymerderipgrdord ot s used to

i ndicate the rgggﬁ . C IRNS I n one enbodi nent,
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channel s, suctonasumsdacions stated nfaly gefer 13 BhandmBfinicZbndstites silvh aka tequgst (Not shown)

may be enpl oyed to cause .the heartbeat channel progessor and. request
channel pr oce®@<brues pasesitipns. PoygheAnYlsignaling, anqé% &,ﬁe ng%éfféﬁq he recei ved

energy |evel gfodhg eatiLhsal achanBel nats sbitRabid ALEMIA, waa e of the
integrators 125,7135 may be adjusted, and the energy level thresholds used

by the hypdt hemicsl wmdion&%tem@r h@ﬁh@&aﬁedbﬁcomﬁllmﬁ@mehg@ magbel s 30 of the
gﬁth beat andusregﬁluv%?cte Sl Q?Arﬁmurﬁ?éétigﬁsss%te?ﬁ. adj usted by the feedback | oop.
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
15 given power level or a given number of pulses per given time period to achieve a
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 transmission power or number of
transmitted indications, or a feedback mechanism may be employed in the
20 communications system for causiné the field unit to change its behavior so as to
have the received energy levels of the indications achieve a predetermined signal-to-
noise ratio, thus providing the desired probability of detection and false detection

parameters.

SIMULATION:

25 A simulation is now presented that discusses the trades effecting the
probabilities of detection and false detection for the heartbeat (HB) and heartbeat-
with-request (HB/RQST) channels. Recommended SNR targets for HB and
HB/RQST channels are provided. Further, an analytical calculation ié made to



-14- a feedback | oop may use a command or nessage to transfer information
between the BTS and field unit that includes information regarding the
power |levels of the heartbeat or heartbeat-w th-request signals transmtted
by the field unit. As discussed above, the first conmunications state may be
a standby 5 communications state and the second communi cations state may be
a payload communications state. In other systens or even the sanme system
the comunications states may refer to other comruni cations states, such as
a request to change base stations, power control signaling, and so forth.
The use of different energy levels in signaling as described herein is
applicable to wireless, wired, or X05-optical comunications systens. In

ei ther case, the communications states may be used in voice or data

conmuni cations systens. As al so di scussed above, the second energy |evel may

be based on a target probability of detection, false detection, or
conbi nati on odeteink a zesortinseded sart Fo foF arf aceainbls nrepaligy ofetestiongpfier wor ds,

the field unit VA ifl..£he request signal at a 15 given power |evel or
a given nunbéfdgg%ﬂbﬁgégﬂ%%?ﬂ%%ven time period to achieve a corresponding

si gnal -t 0- noi se r gbiatloW eeadas Pibdeling the gjmblaporotehbivd to 132030 meteect i on, fal se
detection, or both as discussed in reference to Fig..4,.An analysis may be
used to set tcf?étf?lr@ﬁéelarfl'?ﬁ%ﬁfbﬁ(?meﬂE?rtthﬁG%]gaglo?)FmplP?sé‘H?FﬁllW% i ndi cations, or
a feedbackSnE¢§?m§§§1nay be enpl oyed in the 20 comuni cations system for

causing thé field unit to change its behavior so as to have the received
energy |levels of the iBfifzatoserisorgehieespatrel; pr edet er mi ned si gnal -t o- noi se

rati o, thus providing i, L1y ~_deheet i false
det ection paraneters.g@fﬁfﬁ%ﬁﬁﬁgﬁﬁg%%%%hgféﬁwgﬁrgﬁbig“%%@%%@%%ented t hat
di scusses the tragesesingehin 1y, there P dnetfakick(i}is e otadtecdetdinterforenand f al se

detection for the heartbeat (HB and heartheat- W th-r ( HB/ RQST)
channel s. Reconmmerieider iSRmser grdpaicalafed ps ¥ jmgerigrepce() ‘Zbrio% ?&&’(ﬁﬁﬁjﬁ

10 (10°P()/20)+107(Py,/20)), where P(i) is the power received from the i’th
user and P, is thermal noise floor and is arbitrarily set to 120 dBm;
processing gain is 10log64;
fading model is Jakes;
Er = a Normal distributed random variable with 1 sigma = 0.67 dB
15 error in SNR estimation at the BTS; and
power control bit (PCB) errors = 3%.

In this particular simulation, a choice of a target SNR for the HB channel
was chosen first. Based on a 9 dB E/lo, where E is the entire energy in the heartbeat
message and a 95% probability of detection with a 0.1% false detection rate in

20 Additive White Gaussian Noise (AWG) is achieved (see Viterbi, A. , CDMA.:
Principles of Spread Spectrum Communication, Addison Wesley, 1995, p113.)

Increasing the probability of detection to 99% yields significantly higher
false detection rate of 1% in AWGN. This false detection rate is of interest as it
should be low enough that non—détection will ocour for arelatively long duration

25 when the terminal has dropped the communications link with the base station.

Typically, the duration is defined by a timer having a duration of 500ms to 2

sec or 25 to 100 sequential non-detections. For reference, in a single path fading

environment with 9 db E/lo, a 90% detection probability and a 1% false detection



HB/ RQST channel s are provided. Further, an analytical calculation is nmade to
-15- determne a recommended target E/lo for an acceptable probability of
detection and probability of false detection. To allow readers to baseline
the sinulation relative to |1 S-2000 power control, the reader should be
aware that the sinulation enploys the followwing 5 paraneters: 800Hz cl osed
| oop power control; SNR of the i'th user is calculated as SNR(i)= P(i) -

P interference + processing Gain + Er, where P_interference(i) is a total
received interference for the i'th user and calculated as P_
interference(i) =20*log 10(10)"E,; 10 (10”P(j)/20)+10"(PTH 20)), where P(i)
is the power received fromthe i ' thio-user and PTE, is thernal noise floor
and is arbitrarily set to 120 dBm processing gain is 10log64; fadi ng nodel
is Jakes; Er = a Normal distributed randomvariable with 1 sigma = 0.67 dB

15 error in SNR. est) mati at .t he.BTS;  and .power. contral bit.(PCB) errors =
3% ST ntht o SR kRt mof fis iR nf RSB i e dRlebic e 1B
channel  was phyasigfy if the HdingBaseenht e dnslBeréd ihthe fMEHiRs Bsdussibhe entire

energy in the heartbeat ness?%e and a 95% probability of detection with a
0.1 %fal se det ecPelgetionaf thehpprtpeat sgerl with 80 W ppwercanfzsd vermsMisldwii AWG) i s

achi eved (see_Viterbi . S:Df@ : i NGl S. Qf e Jum
Comuni cat i oﬁ.eloﬂ(%’gls SO ERES rgy', ﬁ%ﬁgt%ﬁ%b%e% Oln%cfPlggaiei rﬁgde Z‘ﬁ%éhobabi lity of
det ecti on § o iXIMcpiicls G@rexhgiv isidhalean the yohérgetrol {Fl) 3ate e Eltandstandiye of 1 % in

AWGN. This fal se detectign rate is of interest as it should be | ow enough
that non- det SEFTSH & trpe Pettedr1oNGVelgPPiB at i vel y | ong duration 25 when the

term nal has dr opRgde iHiGp&A APHB RhIQR Srelel A ab¥vE BhduPErBRSs8d-RopON-
Typically, the duration is defined by a tiner having a duration of 500ms to
2 power control is seen as useful in allowing the fading to vary around the mean path

loss. It is noted that the results are relatively insensitive to a Power Control Bit

10 (PCB) error réte up to about 40%. Beyond that, the system performed poorly,
demonstrating that some form of closed-loop control is needed to maintain the mean
path loss. It is therefore useful that some form of closed-loop power control be
performed to bring the transmitter (Tx) power of the field unit to the average
appropriate for the field unit to achieve the mean path loss to the base station.

15 Simulation using the above parameters shows that if the base station detects
the ‘request to go active’ indication 2 dB below the target SNR (as defined above),
then the average time of detection is about 16 ms, with standard deviation at about
14 ms. From the simulation, to achievé a low latency in HB/RQST detection, the
following equat'ion has been determined:

20 Target SNR(RQST) = Target SNR(HB)+2dB (1)

Based on the required detecting/false detection rates in AWGN, a
Target SNR of 9 dB for the Heartbeat message and 11 dB for the heartbeat-with-
request (HB/RQST) message were chosen. These parameters yield a 15 ms '
detection latency on average at 20 mph with low probability of false detection,

25 In terms of false assignment probability, while the false detection rate is not
explicitly calculated in the simulation, a pessimistic bound is given as follows:

Pfd(RQST) = (1 - PA(HIB)) * Pfd(HB) @
| = 5% *0.1% = SE-5,
where Pfd is the probability of false detection and Pd is the probability of detection.



sec or 25 to 100 sequential non-detections. For reference, in a single path
fading environment with 9 db E/l o, a 90% detection probability and a 1%
fal se detection -16- rate is predicted by theory. For this case, the details
associated with the detection probability in the fading environnment are
considered in the foll ow ng discussion. Detection of the heartbeat signal
with 50 Hz power control versus field unit velocity is now considered. The
sinmulation is based on a full rate nodel in which 5 nodifications were nmade
such that the power control (PC) rate is 50 Hz and standby termnals are
time slotted, non-overlapping. Wiile the speed of the termnal is irrel evant
above about 2 nph, closed-l1oop powd?-control is seen as useful in allow ng
the fading to vary around the nean path loss. It is noted that the results
are relatively insensitive to a Power Control Bit 10 (PCB) error rate up to
about 40% Beyond that, the system ?erfor med poorly, deponstrating that
sone form of cl osekdhe|abeys caephion and railtiserradnct of tyareiddions:(heotrean path | oss.
It is therefo | rm ™ trol be
performed to E&?Cﬁgﬁbﬁgm%@%s??ngﬁe‘%ﬁf%? IB%&%?&@ fiﬂﬁegy(%iqel %gﬁﬁlﬁt to the
average appr epen ibts@of mesehth @hisiied pbssimistic bandsihéesheadiftena@ai® ¢gfat h 1 oss to the

base station. 15 §nulatio i t he ove r ters shows that if the
base station H@F@&e po‘fv?fefor‘r}'rug@igg Vo 1s§8{$€183eg?%§3e@5§¥sbsn 2 dB bel ow the
target SNRjs(as defAmess aloyre) Hz, hlieuldigeldy flse dfidnine®: M6 ond 6 ion is about
16 nms, with standard deviation at about 14 ins. Fromthe simulation, to

achi eve a | owsienevsricdPOiseronils cr@sTagse Fech hesbeat nesrs, the probeliilify iclingat i on has been
determ ned: 20 T 4 =T, NRER) 1o Based on the
requi red det e%{lﬁeﬁ%%%g?tg %&%&%nﬁ%&%@ rn ‘E&dﬂ?deé Sg%b&éu)se?r_SNR of 9 dB for

t he Heart beat pipaisiagef srior alpartithilaf base ftitnhdastegatasaatsipnmenires s ( HB/ RQST)

nessage were chosen. These paraneters i(fl d a 15 ns detection |latency on
average at 20%%PFHe lbﬁrquﬁwyﬁP?)WéﬁﬁfP‘i‘rts?% S fal se detection. 25 In terns of

fal se assi @nment eBioh ot ¥ falsbhislBmbi@ad @ 8@ veled 86hARIVER RickS aBOt
the false assignment can be detected quickly. When a false assignment occurs, three

conditions are typically present. First, no traffic shows up on the assigned reverse
channel. Second, the heartbeat- with-request signal is not present. If a missed
channel assignment has occurred, the HB/RQST continues to be present. Third, the
15 heartbeat message will likely be present. The probability of not detecting this
condition in one frame is PfA(RQST) = 5E-3%. This should be detected within one
or two frames before the channel can be re-assigned to a legitimate user. Ifitis
assumed that detection takes two frames, the reverse capacity would be reduced by
no more than 1% and is likely less as the probability of false detection for the
20 HB/RQST is targeted at 11 dB E/lo.
For a signal with no offset between the Target SNR and the detection

threshold, the delay to detection is 35 ms on the average between the simulation with

a remote subscriber unit moving at 1 mph and at 20 mph. For the heartbeat-with-

request (HB/RQST) signal, the average delay to detection is less than 20ms, with a
25  detection threshold of 2 dB below the target SNR of 11 dB. This is possible since .

the transmit (Tx) power is increased by 2 dB for the HB/RQST relative to the HB

signal.

The simulation shows that the minimum average, given 96 users in a 20 ms

power control (PC) period is close to 10ms. The delay is éxpected ;co be better than

30 75ms 99% of the time.



explicitly calculated in the sinulation, a pessimstic bound is given as
follows: Pfd(RQST) = (1 - Pd(HB)) * Pfd(IM (2) = 5%*0. 1% = 5E-5, where
Pfd is the probability of false detection and Pd is the probability of
detection. -17- The above equation and result is a product of two
conditions: (i) not detecting the existence of a EDwhile it is present and
(ii1) falsely detecting a HB when it is not present. This is a pessimstic
bound since the additional 2 dB of transmtted power for HB/ RQST versus BB
is not included in the analysis. 5 At a HB rate of 50 Hz, this would yield a
fal se assignment for one standby user every 400 seconds on average. For N
heartbeat users, the probability isinear "since the events are

i ndependent . Therefore for a fully | oaded standby user popul ation of 96
for a particul ar base station, the average fal se assignnent rate is
expected to be rou one every four seconds. 10 A condition of a false

assi gnment can be éwért@aab?&?ﬂ%&ﬁé&?@@@ﬂ@ﬁﬂéﬁrﬂfﬁ%ﬁowﬁew se assi gnnment
can be det ect gol, Qul, QIQIXBF[R\r@?%ésagQLéI% §ﬁbﬁ&é@ﬁ@ﬁ Bﬁ%‘itﬁm&r@ﬁlﬁ:@sth@ond' tions

are typically present no traf ows u on the assigned reverse
channel . Secoddgctibh&tdneniotlbmada awetgbr Aeeﬁtiaf@te oiﬂgmeﬂchanselnmal present. If a

m ssed channel Aassi rred nues..to be
present. Thi rBlte FF&C%WL}’%’%%& g@gagha%? fsqef‘Ynggd% CSHPBLERS: The
probabi I i t 5 0boonGtnddt@etdnidhel (D6GH ﬁ@RQ@ksE'IWﬁd Oh£608 (RITOM, 9680 B« ( RQAST) =
5E-3% This should be detected within one or two frames before the channel

can be re- assRgyeesg Dedicated opirol panael (BE1CCHY. i t |s assurred that detection
takes two frames no nore than 1%
and is likely Iesswgg ﬂti]fﬁé\éﬁ%{r‘)ar %%P?&%g fg@ ﬁg%dq%l%hr the 20 HB/ RQST
i s targeted atefétdncelBo Bfelfamred Embochm&ntghabofyrt twhil medérﬁts@:tbyttEcEsmlened he Tar get

SNR and t he det ctr&g1 t.hr eshol d, the to detgﬁ&llon i 35 s on the
aver age betwe VAP %‘ﬁeWthna& t‘]@yé’ﬁ% ¢ hEral WitkeEt moving at 1

nmph and atj¢2 Odé}SBxl‘Brng B thd\RopraridchRahtion &ébmpassed by the appended claims.




request (HB/RQS T) signal, the average delay to detection is |ess than 20ns,
wth a 25 detection threshold of 2 dB below the target SNR of 11 dB. This is
possi ble since. the transmt (Tx) power is increased by 2 dB for the

HB/ RQST relative to the RB signal. The sinulation shows that the m ni num
average, given 96 users in a 20 ns power control (PC) period is close to

| Ors. The delay is expected to be bettgr. than 30 75nms 99% of the tine. -18-
The sinul ation al so shows that the addition of 2 dB of additional transmt
power for the HB/ RQST nmessage increases the detection probability and
reduces the detection |latency to 15ns on average. An estinmate of the
co-channel total interference of ac¥w1%§@sloaded mai nt enance channel is
between 6 dB Il ess than an 1S 5 2000 fundanental channel (9600 bps Reverse

Traffi annel. (R-TCH), 9600 bps Reverse Dedicated Control Channel
(e Doa e TR A

i nvention has been particularly shown and descri bed
wth references to preferred enbodinents thereof, it will be understood by
those skilled in the art that various changes in formand details nay be

made therei . W t Aatelde divdépamultigld aeesd (GDMYYnsedldevite doaymidingn
enconpassed by the appended clains. -19- CLAIMS Wiat is clainmed is: 1. A
code divisi 88 aRIPRRY] e access (CDMA) user device conprising: an antenna; a

controller configure cont r.ol CiDM& ranscei ver suc hat a connection
with a net Wt?jlrclzﬁllhg)lillemsr g Bﬁﬁ%ﬁ%‘fa?" (éor{%r? He éﬁol\r@‘r %PP@?GIY?H ?lﬁc@r h?:%n? CYRestion,
cont r okyitine dfovbrk iestaBlivesd;taad ransnit  a signal of a first type fromthe
CDVA user device over a reverse link to indicate the presence of the CDVA
user devi cethapehtroldersfurthert candigsired e centynbtheo€ DMAdcansteiwgreto transmit

a signal of a first type from the CDMA user device over a reverse link to indicate the

presence of the CDMA user device, and transmit at least one signal of a second type

in a subframe from the CDMA user device over the reverse link requesting that a

base station reserve at least one reverse link traffic channel, the reverse link traffic

channel includes a plurality of channels that are divided in time by radio frames,

wherein the radio frames are subdivided in subframes.

2. The CDMA user device according to claim 1 wherein the CDMA
transceiver is configured to transmit the signal of the first type and the at least one

signal of the second type at different power levels.

3. The CDMA user device according to claim 1 wherein the subframes

include at least one time slot.

4, The CDMA user device according to claim 1 wherein each channel

occupies a 1.25 MHz band.

5. The CDMA user device according to claim 1 wherein the signal of the
first type indicating the presence of the CDMA user device is transmitted over a

maintenance channel in the reverse link.



in a subframe fromthe CDVA user device over the reverse |link requesting
that a base station reserve at |east one reverse |link traffic channel, the
reverse link traffic channel includes a plurality of channels that are
divided in tinme by radio frames, wherein the radio frames are subdivided in
subfranmes. 2. The CDMA user device according to claim1 wherein the CDVA
transceiver is configured to transmigophe signal of the first type and the
at | east one signal of the second type at different power |levels. 3. The
CDMVA user device according to claiml wherein the subfranmes include at

| east one tine slot. 4. The CDVA user device according to claim1l wherein
each channel occupies a 1.25 Mz band. 5. The CDMA user device according to
claiml1 wherein the signal of the first type indicating the presence of the

CDIVA devi i itted. ..maj nter h | inth
k. o206, THaS CERA B G8u Stadtanitih sRIE S RufHeR he stimal A aBE, gnal
of_thefifil1§he htiif 4Rk tiRinlobivioATBIMEED ubBed GEMaa the Bk et e base

station. user device according to claimb5 wherein the signal of
the first type maintains power control between the CDVA user device and the

b tation. T devi i N | ai wh [
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reversgakionk traffic channel supports variable data rates from 2.4 kbps to
160 kbps. 10. The CDMA user device according to claim1l wherein the CDVA
transceiver is configured to operate over a plurality of allocatable radio

frequency ghﬁqg @I?MA user device according to claim 1 wherein an energy level of the
at least one signal of the second type requesting at least one reverse link traffic

channel is compared with a predetermined energy threshold.

9. The CDMA user device according to claim 8 wherein each reverse link

traffic channel supports variable data rates from 2.4 kbps to 160 kbps.

10. The CDMA user device according to claim 1 wherein the CDMA
transceiver is configured to operate over a plurality of allocatable radio frequency

channels.





