TRANSM TTAL OF HEARTBEAT SI GNAL AT A LONER LEVEL THAN HEARTBEAT REQUEST
BACKGROUND OF THE | 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 ecommuni 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 subscriber costs. The sane 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 wthout being tethered to a
t el ephone |ine. i@g& 1 Ldel i '@{ solution for
provi di ng | ow cost’, §¥@ﬁ%¥©gﬁg%%ggﬁggggﬁgﬁ%@Aﬁﬁ%i@ﬁ?@%%eIﬁ?%ﬁ%%ate
intranets, and ot her networks uSiBXRTEEATREGIESTY W rel ess infrastructure.
This is nost likely an artifact of several unfortunate 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 hones or offices. For exanple, such
standard hi gh BACKEROUNPPR THEAVYENSI not necessarily | end thenselves to

efficient transm sgonsQyal o 7iabanancheoald kil Wi plosns handpet s because

Wi rel ess networks were orfi gina signed‘only to ‘provide voice services.
As a resultj; proesgntdisaiycreisgirtdeinand foeddegsed 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 a result 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 intranets, but also wireless access as well.
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 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



communi cations systens are optim zed for voice transm ssions, although
certain schenes such as CDVA do provide sone neasure of asymretrica
behavi or for the 5 accommodati on of data transm ssions. For exanple, the
data rate specified by the Tel econmunication Industry Association (TIA) for
| S-95 on the forward traffic channel is adjustable in increments from1l.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 wreless
systems therefore typically provide a radio channel that can accommpdate
maxi mum data rate transfers of 14.4 Kilobits per second (cbps) over a
forward link direction. Such a |ow data rate charnel does not lend itself
directly to transmtting data at rates of 28.8 or even 56.6 kbps that are

now comonly auadakPRlifatieidigs hiﬁ@é&&%@&hé’eﬂm%és@ﬁét@@rkm@l@ﬂﬁ indlQt 1O mention
even higher 15 rates such as the 8 kbps that are avail a Ie with Integrated
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group of radio ffequency carrier I's, o y schenes that permt sharing
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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 to be shared. This is quite dissimilar to the traditional environment supporting data



-3 transm ssions in which the wireline nediumis relatively inexpensive and
is not typically intended to be shaxed. Ot her factors to consider in the
design of a wireless systemare the, characteristics of the data itself.
For exanpl e, 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 reniote
client conputer first specifies the address of a web page to a browser
program The browKr 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, which inay include anywhere from 10 kil obytes to several negabytes of
text, inmage, audio, or even video data, The user thereafter may spend

several Seconds, Qb @ats SEWAR vk Esuh kNG e RRLAN ol [ he page

bef ore downl oadi nhg anot her web page. In an o environnent, the nature of
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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 emplovees' 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 sorme 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
I 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, fransmission

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



i ndi cates 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 marker 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 transmit data on a jeverse |ink channel. Rather, the field
unit requests to remain inactive but synchronized wth the base station so
that the field unit can immediately go active again at any nonent. In
either case, a wireless comunications system enpl oying the principles of

10 the present .dQVeitid AP SBRYnrkIBE B4Rndlas (e LR NG eranidial 86dth pidahe markers by
having the field units transmt the markers at different power |evels
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i nprove system r . o | ' f sthe markers
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noni t ori ng 3ccﬁﬁ%ﬁ@%ﬂﬁ ePV%%1%&%?§W€5@@%g?ﬁ?vmgkj ﬁ%éPP§&§§BWusive code
channel's, or cemRiRnkARYath BEE RYErse IERIhOXANMREMer, h8 fiGAQNP AhdsaUb ar _
enbodi nent, a request nmarker, which is generalfy a h priority marker, is

. i ch . hi
transnitted wi teHannaghEs by sRelronizgdivalh Rehspeiation shibatgh Wiy of detection
and reduces th : bld 4% sgpdetection of the request marker. In
e R

one particul ar ication, the field unit provides a Heartbeat
(HB) channel usi ng laciflier sise, e vdlebsrommuaivgivsesybtemlemplyying éhelpaiseplst &t i on and a

near  beat -yt o d el LB PP SISICL ), B0 245 0B PR 08 Ll e eVl o
i nvention, then2Belfugtrashit tha&iarktefsaﬂ@ﬁ@rbutbh@ermeam@lg.m&@ hannels with a
difference in 1?18‘1(\A§rrand 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 alternative 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 CDOMA 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) channel using a second code in the reverse Hnk.
In this CDMA application, according to the principles of the present invention, the
25  field unit may transmit the B 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 1XxEV-DV
systems, but are general enough to support systems employing various other

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



| evel s, preferably giving the HB/ RQST the higher power since it is a higher
priority signal. The teachings of the present invention support |-CDVA and
1XEV-DV systens, but are general enough to support systens enpl oyi ng

vari ous other 30 conmunications protocols used in wired or wirel ess

comuni cations systens. Code -5 Division Miultiple Access (CDVMA) systens,
such as | S-2000, and Othogonal Frequency D vision Miltiplexing (OFDM
systens, such as |EEE 8021 la wireless 4:1 |local area network (LAN), may
enpl oy an enbodi nent of the present invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS 5 The foregoing and other oRjects, features and advantages of the

invention wll be apparent fromthe follow ng nore particular description
of preferred enbodinments of the invention, as illustrated in the
acconpanyi ng drawings in which |ike reference characters refer to the sane

parts thr OUQhQD'iR/isfoHMﬂfcijﬂlé BERR (COMEYSystehibesuckl helgiznoE aad Orthgbnalecessarily to
scal e, enphasis instead being placed upon 10 illustrating the principles of
t he i nventi on.FrEiugneyDiyigion Eﬁ*ﬁ?ﬁi(@FlaMéWtémﬁ spfh ag EIgRAmi B 3UFGHs system in

whi ch in an  eghodi g orﬁengmegsﬁﬁwadeﬂ}seame%mm%%%med; Fig. 2is

a schematic diagramof a subsystem enpl oyed by a base station in the
conu-nuni cations systemof Fig. 1 used to deten-nine whether a reverse |ink

States based o PGBy ORE e BRENGRTET F o  SAT s a 5l gnal df agram
of a IXEV-DY sig nalrhw:t‘drﬁomglaﬁd ¢thdr objestk édaturdsrand mltai_ltm@_s oftbeitawaltiomol d° and a
i agram of & CBAG: GRAST B AT KB HEE BUHEAROTeBeHEESH coge. channel s
having a mar kegjofindhts 38 Hk dRedioh] ABShdd ih halacdoRphsdoasaviiRatn khienfiel d unit
IS requesting a change I n comuni cati ons states-,
like reference characters refer to the same parts throughout 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 diégram 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 |XEV-DV signal with a first marker
indicating ‘controf 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 siot 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
signa! having the indications; and
Fig. 4 is a plot of signal-to-noise ratio versus probability of detection that
25 may be used in determining energy tevels of the indications in the signals of Figs.

3A-3C.



Fig. 3 Cis a signal diagramof an alternative enbodi nent 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 nmay bc used in determ ning energy

| evel s of the indications in the signals of Figs. 3A-3C. -b DETAILED
DESCRI PTI ON OF THE | NVENTI ON A description of preferred enbodi nents of the
invention follows, In a wireless communi 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 (HB) versus a Heartbeat-w th-Request signal (HBR, HB/ RQST,
or just the "request" signal). The and HB/ RQST signals may be
transmtted on a mai 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 CDlVIA CO"““BE%%hﬁﬁPBE§@§&§ﬂh@6@%?§§$g%$ﬂgﬂge channel is tinme 10 slotted

and different usérs are assigned di ts. Afield unit in that
W rel ess communi catA aasriips bepreBeatsnbaditeat b DRainvaitign&lllows.o mai ntain tim ng
and/ or power contral as |1 as an.indication_ of presence to the BTS, Wen

a term nal needs an™&sdi° ﬁ%H”W%W@WEESWFW?*%H?WH@F@”F% PEFH nal t hen

transnits at | gashion RshliceRBURSIowst GRA randhRediER @ hirkket (@ YL@ ger0dul at ed
messages or 15 sinply coded pilot signals with no "bits". The requirenents

f or probabi |5 t jceFeddhetvacat ip Gpee dgraingt iiam (BTSp\fors Heagbeps sigmbtlEDVESHS f or t hese
channel s are quisteqsdifi.gr i : W oTa B ui ement for
B s el at i yar i ke SRl (TP, MRS, QTR AR AT 1S
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ohye cal 20 oyeleal. o UL PaUl L bUgL Ut ENRNgE EsuLh 08 L om CoPPl e
i ndependent of rcdl@tEadd OB COMA agkm@ficatiflRts@edn. Ohe 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,

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 request is 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 may be.;sent with higher -7 power, and the
threshold at the BTS may be 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 of p@et eed inefransldprabBbS by be sf diffabsly. deesticnabetert he

heartbeat signal, 5 request signal, or .ot i gnal ed nessage can be
enpl oyed. BasedfoBRIEH dsicgiitaies 1y @ﬁﬂ&ﬁnggégﬁoggﬁﬁﬁﬁgwo%an transnit the
signals with diffefenteRRMEMS the YRhdiAsSr MeipkRirt Aveddnbeliigad by the BTS for

detecting indications of aTequest sent on the signals. For exanple, in
time slotted chrarabditsolsieicptipnand prybabdiceefifalpadstesmpdocthaliggbet sigdhe sl ots are

occupi ed when a reguest is i a request is not being
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system 100, simlar to the ,system describged. a empl oyi ng..an enbodi nent
of the presentmﬁﬁﬁﬁﬁ?Wﬁﬁ:gﬂuﬁgggmﬂgﬁﬁg?EﬁgggmﬁﬁﬁﬁigﬁggﬁﬁﬁﬁF% %23 mai nt ai ns
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42a, 42b, 42c (collectively, fi units 4é£ as shown. Such wireless |inks
are establ i sheekchisiseepdaplmnels Sopmilenire BFCupIESHNEEIUSH P8 wdfd  1ink 70 and

55 or 701 8 typrsr o Ee e e AP R B e PR e Bk SRl 55 |
and several |pgicoal orftottwaaydbelipadles détectinedrger®0, respectivel y.

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 a plurality of field units 42a, 42b, 42¢ (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, infernet, or intranet. 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 55 are defined in the communications system 100 as Code Division

30 Multiple Access (CDMA) channels. That 1s, each CDMA channel 1s 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 Switched Tel ephone Network (PSTN) or computer network, such as the
Internet, internet, 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 enbodinen%l the forward |ink channels 60 and
reverse link channels 55 are defined in the conununications 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
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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 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

15 eachreverse 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.

In Fig. 3A, a IxEV-DV signal 160 that may be transmitted by the field unit s
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 163, 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 nultiple
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 distinguigh a heartbeat froma

heart beat-w t h-request signal, a brief discussion of exanple signals wll
be discussed in reference to Figs. 3A-3C. In Fig. 3A, a 1xEV-DV signal 160
that maybe transmtted by the field unit is shown having three distinct

states: a °conthahs Aok Gaiesiat@ud BRI Balel GHUERLICHE B0 tRGiMeit 428Fat e 170, and
a data traffic state 175. In the control hold' state 165, the signal 160 30

does not i ncl udérequestiegfeedtic chernclfo Tag irpaest RNEFEEt sen 7R &’E)icnﬁ'@?t_l%r ds, the
signal 160 -9 gl f{ézdzdnﬂ.i%quésﬂgetlo - smitA2A bh Qbra RO L Rhinn 8 oG revtfib Ch i ndi cat es

that the field unit a I's “not Tequesting traffic channels. The "request to
go active' st dink tdT0 BTS 24nTn thelirddit stan 175 hraffic ddieistiandndttedivithd #eld¢ equesting to

transmt data on a.t fic,,channel over rever | t S 25. In
the trafficSerdid @%ﬁfst PRI R ‘Ef?lée&@(nct‘ﬁgac?vﬁljfﬂﬁ?ggﬁei%%& unit to
the BTS. Fol | aydnAg 6hh@RaabsE iR @bntdiBolt rsafd ics fdpivngomensthibgor eaer se | i nk,

the signal 160 reverts back to the “control hold state 165 following a
transmi ssi on ofatatransgasion epapieta; sEds G SEEWPI et e’ state (not shown). Al though

shown as a single %lﬁ&%ﬂ_smasiatsinéﬁg 4 16€ iunsies 5 eadsbithatdhe  Signal nmay
be multiple signals, optionally coded with orthogonal or non-orthogonal 10
codes into nutsigkl yayheohulgily seralrasmionally ceisd with arfimgenal pheon*asdagqmal  hol d'

State 105 9y SestLaTAL B0, Ryl o Bonglom b e jimaest Lo a0
state 175 maybgaydi ransapat @t aliffebaoinahel fivanhd ‘tguet toeo attive’ sitaf®s 165, 170.
An exanpl e of Squflllilgrily?!ch% trg 1% rglgtea ltrafm?nitted in a traffic state 175 may be on a separate
channel from the other two states 163, 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 thatis 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 nmanner. | ii¢he exanpl e 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, dat ver I e |link bas n Li 185 in

t he request chﬁWﬁ@PnggﬁFFWgFﬁaa%ﬂ&%VﬁﬁggzHgf@§§9mP%S$%§m§%%§%%&%%och 177b,
user 3 begi ns - §ifréran sapidal dhamdelst @ heaibaat 1BEndl BSH M sQeitahaneltssaf fi ¢ channel
using code C5. Fig. 3Cis a nore detailed signal d%g%n of, the | xEV-DV

g .
signal of Fig. TipAcartmatchanel 3o H paevides gontipupus ditwe gnd 9 Ay §$-act i ve' to
the base stat iﬁ%@ve?évél,rsgﬁ@h}é?&aﬁ&rf?k@g frléhQ hbHeld 2322 bolihd BESstRBROSI ment, the
s

| XEV-DV signal” is conposed of nultiple signals on different |ogica
channel s: a5She8rtisdamicRanethe 58pesaehdrns! § Folo awke erramntle-g59Rital “The hear t beat

channel 55H proyvj des nt i,puo i, r Led fon (e.g., power
| evel , synchnai%é&?% %mgrg%y%iFgﬁﬁ?ﬁgC&%gﬂghﬁﬁka%gg to % e base station
25. 5 The fi el ghnenitingd2a. uses the request channel 55R to make a request

(e.g., digital "1") of the bas ation 2 eques tratfic channel on
the reverse link 6§_"=“F1811mg ttni’*eé??gﬂ‘fst@%%ébsgat'al.%sé@??%ﬁ%f‘?éf ]Egisﬁ‘%en téﬁ’%ds 195a,

195b, 195f (cold.ectidv@letindedd) indRRREENiBY e BTS OMGniphd kieaiR sldidersheor intervals
at which the BTS 25 s%ggles the tine slots of the 10 request signal 55R

and, opti ordl | ypguestisignpleiRiabé aptiecaln thehomibpat elamprd 6 &I #4 drécrmiine hether

a request for a traffic channel is being made. It should be understoed that the
sampling may occur over the entire time slot or a subset thercof. Also, the heartbeat
channel 55H and request channel 55R use mutually exclusive codes, 1n this
particular emabodiment, so the sampling is performed on their mutually exclusive

15  code channels 55H, S5R 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 time slots at sampling
times 195, 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 & 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 a mutually 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 usive 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 heartbegt channel 55H is "inactive," but the
request channel 55R is "active". 2075 di scussed 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

[eSpective englaw 1eyol BB s LERGRY: AMLARERLP Sl equest

signals in respectivé time slots ®Bver a given tinme 1nterval or spanning
several tine idatyeyMabsthe ignatnBeqarcy bt dgnabnivedt ofthd sigtalvesigrabmg r ol hol d'
state 165 25 indicatign has a first energy level, and the "request to go

active' state STYRFEI30 °88cond energy level. In this particul ar enbodi nent,

di stingui shing t heT} weietAl sy MRYnbE, [BclRk tHekignf campastttingnener gy | evel s of
the signal s(s) and (i) comparing the energy levels against at |east one

threshol d ob (shitgm prsfoapericaiongcantiefer taFiged prayidss eehsfitior selsetignal Iy 30 in a
mut ual Iy excl usj gﬁgg I td : when : & signal is
at a -11 |ogi§§FM§§?%ﬂg?ﬁe |%¥é&gﬁgmgﬁ%§%$&§gVelsﬂ% %H@ﬁﬁggﬁggtions may be
provi ded by t hédetebtitty, PC)Od-axif(iit dmmalstogniat stio frdecjbednyaxeh, andh@iilsi gnal s, power

of the signals, signalin stru and .so. faorth. To understand how the
ener gy Ievels3%@”#@%"%ﬁﬁ%gﬁgagﬁﬁ%gggﬁggﬁnﬁgcﬁﬁﬁrgglCh%“%?%%%n1perfornance,
one can refer ikl Ggnaftio-Wibe dtioRr AY ingd@SermimaRar & lihdarresgfi®déteadg as si gnal i ng

requi renents based on the follow ng paraneters gﬁﬂ%?ctors: (i) probability

_  foll _
of detecti &, PrHyY XrohERliy Lisoleh HraFrglpPHE: ¥ 35-314mdeci bel s (y-axis),
and (iii) 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 providing an example model and discussion regarding example
Heartbeat standby 55HS and Heartbeat Request Active S5SHRA 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 chammel 55N,
traffic channels 55T, access channel 55A, heartbeat standby channel 55HS, and
heartbeat request active channel 55HRA. 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 thq&iane probability of false detection,
one sinply needs to slide the circled point 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 system performance and, thus,

[ MBrovi ng ¢ he olbkel ol b0k et BUESE 151 90RloidhlbRadRliect od qui okl y.

20 Before provi g an exanpl e nodel “and di scussi on regar exanpl e
Heart beat st andibive BodS:IandRMear t beat Request Active 55HRA energy |levels for

the exanple communicati.ons system 100 ig. 1 a _brief di ssion of a
processor and detg@?%?ﬂgﬁiﬁwﬁﬁép%gﬂﬁgégf%ﬁr?%Eﬁ@?%?%ﬁ???“ﬁé&#provided. Fig.

2 i s a schematineudditB@damfpefcesing eguess, el patitda cpbodiessiolh dAdifuiskad to 25
determ ne whether the field unit 42a has requested.to send data to the BTS
25. The recei Vet i1 hawtbpy changed srogssgiidl S WB e DigRdeA ' REVifdes t he mai nt enance

channel 55N, traf fichLhBanelaind5ilecsf EESScHRAMIBLBOAslBEARAt St andby

channel 55HS, and heartbeat request active channel 55HRA. "The reverse |ink
channel s 55 ar¥HSproweskied 1 Eusks a dsareadeaf i dyermeaddheeadieatmtandlss sor 112

recei ves the heart ﬁ@& st.an - : el .channe
processor 114 &%%%Fves'fﬁ%n%§%?{%%éfmﬁggﬁgggghiéﬁﬁggﬁgh%%ﬁgé&g . The,
heart beat chanbelohfitnesmbininklit stond, aeqagstionelianeld ippbsessand 114 i ncl ude

i Scussi on 176 T G HaRTEE FHER “BhARGReBr U SCLErEM2 w || be pr ovi ded
for brevity. 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 sscond
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 tetminal 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. l
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,
or neither 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 againstis 9 dB and the request encrgy 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 th~-, received heartbe?t signal, The second integrator 135
provi des non-coherent conbi nati on of” the S|gnal which is calculated 15 over
short tinme intervals, The non-coherent integration provides just nmagnitudes
if the termnal is nb ving too fast, thus causing a cro s s-over of the 18
O -degree phas whi ch ami qui t.] i.n determning the
energg of ltohe ﬂsnlesghr?zlismal)ftbFH ammﬁl %geégg’f %et%ﬁemlﬁ%% ¢oR @Fegﬁ rrgl nation. The
out put fTorn tlh@nlstearchbewse&mbmmed);m&smel Sli2ch rﬁaya)ehqmﬁt'cble}athe energy 20

| evel, and the fromthe reque nel cessor 4 is a request
energy | evel . E%@HP ﬁFﬁ@?@“@ﬁ%PﬁﬁﬂFEW@% qi ‘%E§ ﬁﬁ???%ﬁ*@ theiffodi ment, is
fed to a  hypairheshsedalacterikhlng Whizahsofahensl Mescsheihay 1achear t beat
signal, request signal, neither signal is in the reverse |ink channels

55 recei vedS bymaths depasden piamceswn%of timg sieéstie theisigealif chaaneisyusi bythei s/ are
present, the hy, Qltﬁe&{rﬁe%% év%f g&%lds%%dﬁ%ﬁéeﬁg %]xg) LAl s %é&ﬂ%td' ons. For
ypot hesi's

exanple, in th| pafticula rent ector 140
conpares a fi rstnberer’ @'ybltsemﬁﬂto {ridicets laaieqileagcagmtwet hetofindiste a eqestgy | evel
(i.e., heartbeat .ener | evel ) and conpares a second energy |level threshold
agai nst the setUHAEY % 3 evel (i.e., request energy level), An exanpl e

energy |evel threshrat 6htﬁuﬂ omﬁnﬂfo&lehhwe{a@aMdaﬁ@tbee@@lrtlyhdnﬁaaﬁb statd@f agai nst i s
9 dB and the request energy |level threshald is | e energy level -13

t hr eshol ds ey oe@maguraFienssyyens dfos exaagle. i fhedspathesss AeectordAl dUpMiEs i n anot her

[nra]tgner , Such 3g,RasGdsA0 g adif @S A ELIROMRIMIL SN thNMU £ 1#7RY;sPe reported by
being made by the field unit, then the hypothesis detector outputs a signal to a

processor (not shown in the BTS 23) that is responsible for providing the portable
computer 12 with a traffic chammel 55T. In one embodiment, the BTS 25 allocates

15 the fraffic channel 55T if the detected 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 occupaney 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 tine slots in the
signaling channel (s) used by the signal 55, so the energy |evel thresholds
can be based on an expected or specified nunber of"I" bits used to indicate
a request to go active' or to indicate a request to renmain in idle node.
The out put of the hypothesis detector 140 maybe used to change the state of
10 the conmuni cations system For exanple, if the hypothesis detector 140
determnes that a "request to go ac{j.ve' (i.e., send a data transm ssion on
the reverse link) is being nmade by the field unit, then the hypothesis
detector outputs a signal to a processor (not shown in the BTS 25) that is
responsi ble for providing the portable conputer 12 with a traffic channel
55T, In one erdedibamnbop hvasBd Sndhandlot fewieso itdmsteh@fdmatichibetwebratheel 55T i f
the detected energy level of the signal is determned to b above the

second ener gy FEVEH feliuad H8f geluges ipnationsasaiing tie peses leypls 8@3? es the traffic

channel 55T i frlhgahypotbesisndahestiefaskdldadetefhagdd hbat the detected
energy level is belowthe second energy |evel threshold. As described in

reference to Fig. 3cdiseusesdtiberiet tbefist cmannisktiops gelesupbe agadby 20 request
channel proge%%g&m&%ﬁ{ ggﬁeg¥ﬂﬁégﬁ§h§mgﬁﬁﬁgﬁﬁﬁs&%?m Iégﬁgﬁggi'gured or

desi gned i n"a nanner noni tors an occupancy s used to
i ndi cate the wefguestichestethahgeheeonaemnboatl hasangtsaitas,.thd n one enbodi nent,
the detecting includes nmonitorin of .mut ual | y excl usi ve code

|
channel s, sucﬁoﬁgmgﬁﬂﬁﬁsmﬁﬁ”ﬁﬁﬁg.ré%ﬁ%ﬁ%géépmfgmﬂﬁﬁgéa%aéﬁaﬁﬁﬁﬁt(riot shown)

nmaybe enpl oyedo biongsisestitdes, Bead theal sighabad) Bel sol¥69C €95 Qs ok idfeand r equest
channel processor 114 to be "adaptive'. For exanpl based on the received

€,
energy |evel ORerghEvHeRSIBEEE 2 farel hagpls applicablp iy wiples Maivdid e of the
'ntegratOr%01%@?&&%%?5%%%§m%%%ﬁg%?%1dﬁ&qﬂ%bﬁeéﬁﬁ& mﬁ&%%h&shpg@§h°|ds used

by the hypoth S or conparison of the energy vel s 30 of the
heart beat and welquesite gidgnabsmmeyatiahsystles. adj ust ed by t he feedback | oop.
Such 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 nsed to set the {ransmission power or number of
transmitted indications, or a feedback mechanism may be employed in the
20 communications system for causing the field unit to change its behavior so as to
have the received energy levels of the indications achieve a predetermined signal-to-

noise rafio, thus providing the desired probability of detection and false detection

parameters.

SIMULATION:

25 A stmulation 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 infonnation 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 maybe
a standby 5 communications state and the second communi cati ons state maybe
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 | evel s |n signaling as described herein is
applicable to wireless, wired, or 107 optical communi cations systens. In

ei ther case, the comuni cati ons states may be wused in voice or data

communi cat i ons systens As al so di scussed above, the second energy | evel
maybe based on_a t.ar on, or

co?/mi nation otra CHTHR 5 rec s%:nﬁgse ﬂé/]}éf?% g%ﬁﬁﬁlbﬁ%bﬁﬁlﬂﬁﬁde@%ﬁ%@lﬁer wor ds,
the field uni@uﬁ@Mh@hﬁﬂﬁﬁﬂ&mﬁhﬁ request signal at a 15 gi ven power |evel or

a given nunber of es per n tine erlo correspondi ng
si gnal -t 0- noi se ra ?QﬁW’ Mﬁmdgbﬁﬁ”FgFﬁg? gﬁWF %§Q%§aﬂﬁvﬁct.on fal se
detection, or Bl i@SetHcBGnIE 86 ak e fh@tftEd’eﬁ&ﬁ@l@ndannﬁlcgs thé folwirgnal ysi s maybe
used to set the transm ssion power or nunber of ‘transmtted indications, or

a feedback hechameisii naybe enpl oyed in the 20 conmuni cations system for
causing the field “”itéﬁﬁHfaﬂﬁﬂﬁmg%ﬁwégaﬁ%lor so as to have the received
n

energy levels of the indications I eve a predeterm ned signal-to- noise
rati o, thus providing tS}ﬁ{axfebﬁiiftbdsepisablatﬁatbd ttsySI‘Bf(l)fIB@)edumfeéﬁmdefal se

detection paraneters. gﬁ% atl ted that
I SCUSSES e tlra n I on an a
di the t d%rgceéil?% #1 é Tt re&’zﬁg%eé Tepss mr t(())tr!l e ve p{té?fe?e%géd] fals
detection for the f&»@ﬁ{eﬁ lﬁe@ster e(nBBamamﬁ d@@aifn’fel’:‘i&aﬁce(1w=20h}0geq(l]9)§‘ i HBY RQST)
channel s. Reconnen ed for and
(IOAP(_;)/ZG)HO"( TH/ZO)) where P(l) 18 the power received from the 1'th
user and Py is thermal noise floor and is arbitrarily set to 120 dBm;
processing gain is 10log64,
fading model is Jakes;
Er = a Normal distributed random vartable with 1 sigma = 0.67 dB
15 error in SNR estimation at the BTS; and

power confrol bit (PCB) ervors = 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 occur for a relatively 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/To, a 90% detection probability and a 1% false detection



BB/ RQST channels are provided. Further, an analytical calculation is nmade to
-15 determ ne 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 cal culated as P_

interference(i) =20*1og 10(10)"E1,,1%0 (1OAP(1)/20)+10A(PTa/20)) where P(i)
is the power received fromthe i'th user and Pi,, is thermal noise floor
and is arbitrarily set to 120 dBm processing gain is 10log64; fadi ng nodel
is lakes; Er = a Normal distributed randomvariable with 1 signa = 0.67 dB

15 error in SNR igplchioRY bpﬁhe@ﬁj FheniBlas, tRNeakOMWRIciatd Hith@he dRiektidhPCB) errors =
3% In this particular sinmulation, a choice of a target SNR for the HB

channel was plebabdiy fii thefdnganyignment are gonggerEd }Ddhe WH@W@% Bisgussitthe entire

energy in the hearﬁé?e%ﬁ&n o R RANE %ggg.am%%‘% dr&ereﬁﬁy\%l &4 Gt | on W: tsh a

0.1 %fal se detection ra rtive It u55|an se (AVWG)
achi eved ( seevddteisiow,cobsiderd8DNRe simBlaiiorcis bise[komef fubpate mddeéSpeeticlum

det oot on o BeRARTIRErg prEdn s Pngero A LR R DA P B e o o6 n

AWGN. Thi s fa{eﬁﬁngehegme@mtg@h@l b@ﬂgp‘pmgnt erest as it should be | ow enough
that non-detection will occur for a relativel &SP | ong duration 25 when the
term nal has dr opp8bilathesreeshahii teatnabis dreisvaKR aDpveRPH & MpAsdossd-3aopon.

Typi cal 1y, thg, dEakP8sich (IRLRDRGURNiRBebiiiRly (DaK) A8ufh Hibell 4 Of S00Ms to

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 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 achieve 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:

PfA(RQST) = (1 - PA(HBY)) * Pfd(HB) 2)
=5% *0.1% = 5B-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/1o, 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
simulation is based on a full rate nodel in which 5 nodifications were nade
such that the power control (PC) rate is 50 Hz and standby termnals are
time slotted, non-overlapping. Wil e7the speed of the termnal is irrelevant
above about 2 nph, closed-1oo0p povvé]r ‘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 Egagbbvéemgats%%%g%tﬁﬁgLg{ogﬁgomgﬁélﬁdtiong?ﬁﬂwtrat' ng that
sone formof closed-100p C Atrol 1S needed to maintaln the mean path | oss.
It is theref ordetettagftid extsteate @B #hiterit io bresdnome dii)l falsgy paeveng eBBt r ol be

performed to bring.the transm.tter (.Tx). power. of .the.field it to the
average appr OpFP ﬂsenoFBrﬁseflhgﬂﬁléFBes H’i‘%‘cg%“\é\lﬁé’ﬂfce@%acﬁ%onagadrﬁ%ath | oss to the
base station. yhinSheifodlet RPHBAORT +diRs BBV Rt PRlasEh eleSnaitgns that if the
base station detects the "request to (go, active' .indication 2_dB bel ow the

target SNR fas def AheHBapee)) He triewouhieldy &lwgesi ey felfonéé_laé‘?,b[yi on i s about
16 ms, with S%gé}%@grﬁ'wtﬁs\é&@g% %&V%}ag@%yﬁhe%e{tﬁgers, %@Fabtamy% fthation, to

achieve a lowlTatenty In etection, ow ng equation has been
det er mi ned: 2GirfathgetenBNR(IRGBHF)dent. Taergfote, BNRuHBjoadedXtadbyutyr Based on t he

requi red detecting/fal detection rates n AVWGN,. .a Targe NR of 9 dB for
e Hear t boat HEAER0" Sn L RS UE R DPeeREh U (KA e ETRELEd. (Hel ROBT)
nmessage were GResRR o hesd ek} Pusseydngt.d a 15 ms  detection latency on

average at 20 nph with _|ow probability of false detection, 25 In terns of
fal se assi ghment pheBabianafy fRlfgmsemeReean by weovarst Sepirgaleh@ickly a ot

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. Ifit is
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 to be better than

30 75ms 99% of the time.



explicitly calculated in the sinulation, a pessimstic bound is given as
follows: Pfd(RQT) = (1 - Pd(HB)) * Pfd(BB) (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 HB while it is present and (ii)

fal sely detecting a HB when it is not present. This is a pessimstic bound
since the additional 2 dB of transmtted power for BB/ RQST versus HB is not
included in the analysis. 5 At a HB rate of 50 Hz, this would yield a fal se
assi gnnent for one standby user evefy 400 seconds on average. For N

heart beat users, the probability is linear since the events are

i ndependent . Therefore for a fully | oaded standby user popul ati on of 96
for a particular base station, the average fal se assignnent rate is
expected to be rOugﬁgstQlQ@onedYs%rsﬂowtthh%%@cQM%fZ%@ AafiidhldAnp! a fal se
assi gnnent can be recovered fromrelatively quickly as the fal se assignnent
can be det ect edwepdbctke SiB/RNﬁéﬁmeSSﬁgahrsm@s@pgﬁmnnp@bmts and thduses the ondi t i ons
are typically sen f h ssi gned reverse
channel . Secongte%oﬁ lgtef%lc‘é G eﬂasltozlgve&afgﬁ Irs‘regsﬁ%s%m?ﬂ%%c’alghmégﬁ&? present. If a

m ssod char neﬂlterfeaﬁm mmlomnmmaacedl;m&mwmmmﬂmm to be,

HEIR T AR NS TECTRTEENACS T

5E-3% This sh@uglgmwg@g@gg@gm@(gm)%or two franmes before the channel
can be re-assigned to a legitimate user. I'f it is assunmed that detection

takes two franes, Whde fesiavesionchepbeeh pytigulydheye snddessabedsyith no nore than 1%

and is likely é@afc 68 %}&n@r RERInL ¢t geerg(g it A1 @[ﬁ&&%ﬁg db%%&ggmfgge 20 HB/ RQST

is targeted at or a si
t he' Tar get - SN thmettthlae\fadememangenn fdnhrméhﬂht&,matyherrﬂéd tagreinovidkettecti on is 35 s
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request (HB/ RQST) 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 mni'num
average, given 96 users in a 20 ns power control (PC) period is close to |
Ors, The delay is expected to be better thHan 30 75ns 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 nessage increases the get ection probability and
reduces the detection latency to 15ns R\ rage. An estimate of the
co-channel total interference of a fully |oaded nai ntenance channel is

bet ween 6 dB | : | 1S 5 2000 fundanental channel (9600 bps Reverse
Traffic Channewlﬁﬁ%h%a%a}e,%q%oo bps Reverse Dedi cated Control Channel
(R-DCCH)). Wile tg{s inventti on hgs ber?l’iln articularly shown and descri bed
with referendes t¢ PYEPEPFERSHBOSTRENYE t hereof, it will be understood by

those skilled in the agtredehat to@tdious lehangdist sigrfabhaniang ficketralidasomaly be
made therein without 10 departing fromthe scope of the inventi t)n
enconpassed by t he adpeREEyNEFasPREstate 8 PISRgNoRENARXED and 18 repeive @t feast ope

conmuni cati ons uni tsec{o%?ﬁgnﬂ nGin %eg&gli i}ﬁ%@at%o?h %P&Féq.ﬁ@st%cﬂaﬁg@fo Peodd I st

signal having a firs cationm o Irst conmunications state at a first
energy |evel, and tomnem&atiensataté etesteconienegiydevedt ailgnal havi ng a second

indication for a request to chan 0.a secon co n.cations state at a
second energy |evel; and dﬁteag’fé%'ﬁji?ét86@%pﬁe§%v$rcd§° fi'ﬁg%ecﬁfs\%l}doi%o%iet ect the
first and second iipdlifRhl @MBcAHsARMIhSEBMBnitdr T8 BbtoriRAh botupatdy of
nonitoring an occupancy of o o

time slots used to indicate the request to change communications states,

2. The communications unit according to Claim 1 wherein the detector applies

independent thresholds for detection to the time slots.

3. The communications unit according to Claim 1 wherein the time slots are

mutually exclusive.

4, The communications unit according to Claim [ wherein the detector causes a
request to change communications states in response to detecting energy levels
above respective thresholds in both mutually exclusive time slots, and the
detector does not cause a request to change communications states in response
to detecting energy levels above respective thresholds in fewer than both

mutually exclusive time slots.

5. The communications unit according to Claim | wherein the detector includes a
code channel monitor to monitor the occupancy of mutually exclusive code

channels.

6. The communications unit according to Claim 1 wherein the detector (i)
includes at least one integration unit having respective selectable integration
times and (i1) sets an energy level threshold based on the energy level of the

first energy level.



time slots used to indicate the request to change conmuni cations states. 2.
The communi cations unit according to Caim1 wherein the detector applies

i ndependent thresholds for detection to the time slots. 3. The

comuni cations unit according to Claim1l1 wherein the tinme slots are
mutual |y exclusive. 4. The communications unit according to Claim| wherein
the detector causes a request to change-2Zbmuni cations states in response
to detecting energy levels above respective thresholds in both nutually
exclusive tine slots, and the detector does not cause a request to change
communi cations states in response to detecting energy |evels above
respective thﬁéshoﬂ@gCmﬁﬂméméﬁmﬁh@ﬁaﬁ@ﬁﬁngMDQEWPHVV@X@P@§NV@X$Fﬁé slots. 5.

The communt cati ons e A SRLALNG, L LA ARt Sk ol e dRd RALES ahncl udes a

code channel nonito o noni e occu ancy u5|ve code
channels. 6. The c @rm’gyn lcvat thenBold bhtedaadiy wlamqittal fOwar fnav&l tvih;erdeit featthome
detector (i) includes at |east gne integration unit having respective

sel ect abl e i nt egr at A" £S5 Sﬁﬂa S(ii) sets an energy |level threshold based
on the energy level of the first energy level. -20 7. The comuni cati ons

unit according to Eﬁh@'cﬁﬂnf‘nu%@ﬁ@dsrhn‘itr&@ccﬁi@ﬂh % Elhirhi Dwhdr&fkiOgSse an integration
unit having a fixed integration time and i) sets an energy |evel

t hreshol d based on Colmelumrcah@m stated aptandby $tetv@hd tfe sseind camnivszostionsrsgate fsi r st
and second signals onnunlcatgfns unit according to aim1l wherein

the first connunl35?V@ﬂ%c@?gT8wW¥H§ “andby state and the second
communi cations state is a payload communi cations state. 9. The

comuni cat i ong) uni trhacERRMNGHER &t MrdingheCRIM 1tWIRr&f BYnGAldi@lidns UNi t S
configured to operate in a code division nultiple access (CDVA) or

unit is configured to operate in a code division multiple access (CDMA) or

orthogonal frequency division multiplexing (OFDM) wireless communications

system.

10.  The communications unit according to Claim 1 wherein the communications

states are data communications states.

1. The communications unit according to Claim 1 further including adjusting the
second energy level of said at least one second signal based on a target

probability of detection.

12. The communications unit according to Claim | further including adjusting the
second energy level of said at least one second signal based on a target

probability of false detection.

13. A communications unit comprising:

a selector to select a first indication to be transmitted in at least one first
signal and to select a second indication to be transmitted in at least one second
signal, the first and second indications having respective energy levels
associated with communications states and detectable according to alternative

criteria;



ort hogonal frequency division nultiplexing (OFDM w rel ess comruni cati ons
system 10. The communications unit according to Claiml wherein the
comuni cations states are data conmunications states. 1 [ . The

communi cations unit according to Caiml further including adjusting the
second energy |evel of said at | east one second signal based on a target
probability of detection. 12. The communi-Zkti ons unit according to C aim!l
further including adjusting the second energy |evel of said at |east one

second signal based on a target robablllt% of fal se detection. %@. A
conmuni cations unit compBriaBRer eouplsrde thsrselesiok o tpsmyf thg atdeast o frstangn t o

be transmtted in @Ecolng‘g%{n g%lﬁdlﬁgﬁw ﬁétgﬂékecﬁﬂ&jmﬁ%aﬁ@ﬂls‘aﬁﬁda second

indication to be transmt in at ast one second ignal, the first and
second i ndications haV|ngmﬂQMpEnmpméﬂbwéhgyﬂMEV@héHﬂ&%@@@ﬁ@ﬁ@ﬂhMbQﬁmt

conmuni cations states and,detect abl in tive criteria; -21
a transmtter Coupﬁggs?BH?thchgng g%%%%#ﬁmECB%{gﬁleast one first and
second signals including the first and second i ndi cations; and a mnultipl exer

coupl ed to thgssel ggtomandichfianSiHitdcedrding tdPRlix 1BRehekdin Ble enang 16@e05Td
indications in tinme slots in a 5|%nallng channel . 14. The conmuni cati ons

uni t according to Grefis aBl sgprsiddpdicatings aseeigyted dyemanyF COPHderfigr st and
second i ndi cati ons ?%@35&m%§5§9'haﬂénﬁﬁp&ﬁﬁh&9§é§gﬁﬁﬁﬂggﬁﬁﬁﬁﬁﬁr'Son agai nst

i ndependent t hr eshd a-recelving syst nications unit
according to Caim13 mhereln the tinme slots are nutually exclusive. 16.
The conmmuni catlispns Tweichmat@tndomginitactirdingntd @lavdBeitreran thertdhe dotsascond

i ndi cation provided in pboth nutually exclusive tine slots indicates a

request to mutually exclusive.

16.  The communications unit according to Claim 14 wherein a first or second
indication provided in both mutually exclusive time slots indicates a request to
change communications states, and a first or second indication provided in
fewer than both mutually exclusive time slots indicates a request to remain in

the same communications state.

17. The communications unit according to Claim 13 wherein the selector applies

the first and second indications in mutually exclusive code channels.

18.  The communications unit according to Claim 13 wherein the criteria includes
at least one of the following: code channel time slot occupancy, associated

energy level, indication duration, and indication repetition,

19.  The communications unit according to Claim 13 wherein the communications

states include a standby state and a payload communications state.

20. The communications unit according to Claim [3 wherein the communications
unit 1s configured to operate in a code division multiple access (CDMA) or
orthogonal frequency division multiplexing (OFDM) wireless communications

system.



change conmmuni cations states, and a first or second indication provided in
fewer than both nmutually exclusive tinme slots indicates a request to remain
in the same communi cations state. 17. The comrunications unit according to
Claim 13 wherein the selector applies the first and second indications in
mut ual Iy excl usive code channels. 18. The conmunications unit according to
Claim 13 wherein the criteria includes a?2-east one of the follow ng: code
channel tine slot occupancy, associated energy |level, indication duration,
and indication repetition. 19. The conmuni cations uni t according to C aim 13
wher ei n t he cédmuniTdacp@ryinicatigseditiapedrdige taCliaddpyhestiathe copuRigHTOad
communi cati ons Sta%ﬁws%ﬂnﬁ%b&nﬁﬂﬂﬁyﬂkﬁgghggs uni t accordlng to Caim13
wherein the communications unit IS con ured to operate in a code division
nmul ti pl e access (CDMA) or orthogonal frequency di vi sion mul ti pl exi ng (OFDV
wirel ess commii catlihersmnsyifhgdns umd2celding heCamrawiradin dRselsdiot agtieor di ng

to Caim1l3 wherein the communi cations states are data conmuni cati ons

states. 22. The cofffiscandsserndindications iy G Agers oey Hishrndssehpist 88y he

sel ector applies theqfdnrsSty 58603 rhadigations to the at | east one first
and second signals ﬁaseéﬁoﬁéggpargm? probability of detection. 23. The
communi cations unit according to Caim13 wherein the selector applies the
first and seca@dd i r’fdiiecemhmn'szatimstdmﬁ aad:orﬁiegm Cane 18iwlstciarie sskcongpiegnal s

based on a target propabil. f. se detecti
9 ph fb rst and seXon% in 1cat10ns to the at ]east one first and second signals

based on a target probability of false detection,



