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, w reless 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 w thout being tethered to a

tel ephone line. There still is no w dely_avail abl e satisfactory solution for
provi ding | ow JEFANS I\WA&W&E@E%'ES,@W , vat e

i ntranets, and ot her networks i R]?I%?Uﬁ ng w reI ess infrastructure.
This is nost likely an arti fac?ﬁ'@ severa F[l 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 hones or offices. For exanple, such

standard hi ghg £k GROENDI BHE BNVENE®NIO not necessarily I end thenselves to
efficient transm ssion over 1 -2- standard cellul ar w rel ess handsets

because wirel ess MWWC%W@I@PW@?@H@ persenabppepuistalps ked 19% ovi de voi ce
services. s %u&%é&&ﬁgm&éﬁéﬁﬁkm%%o%%kéi' tel¥ohfihfififtion services that

were once thought practical only for specialized applications. In the 1980s, wircless
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 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
systens therefore typically provide a radio channel that can accommodate
maxi mum ddta rate transfers of 14.4%kilobits per second (kbps) over a
forward |ink direction, Such a |ow data rate channel does not lend itself
directly to transmtting data at rates of 28.8 or even 56.6 kbps that are

now comonly avai| allfl e usi ngqi nexgensi veew reline nodens, not to nention
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are rapidly becomng t m ni mum acceptable rates for activities such as
browsi ng web pampeenicativnsisyategts ayd aptimized fon seippiransmissions, dhovgh csttainhe ti me when
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that 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 moderns, 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 ﬁlade for such

20 wireless systems to provide higher speed ISDN- or ADSL-~grade data services over
cellular network topologies.

In most wireless systems, there are many more potential users than radio
channel resources. Some type of demand-based multiple access system is therefore
required.

25 Whether the multiple access is provided by the traditional Frequency
Division Multiple Access (FDMA) using analog modulation on a group of radio
frequency carrier signals, or by schemes that permit sharing of a radio carrier
frequency using Time Division Multiple Access (TDMA), or Code Division
Multiple Access (CDMA), the nature of the radio spectrum is such that it is expected

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




-3- transmssions in which the wireline nediumis relatively inexpensive and
Is not typically intended to be shared. O 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 transnission requirenents in a reverse and
forward direction. Ina common application, a user of a renote client'’
conputer first specifies the address of a web page to a browser program The
browser programthen sends the web page address data, which is usually 100
bytes or less in length, over the network to a server conmputer. The server
conputer then 10 responds with the-3ontent of the requested web page, which
may include anywhere from 10 kil obytes to several negabytes of text, imge,
audi o, or even video data. The user thereafter may spend several seconds or
even several mnutes reading the content of the page before downl oadi ng
anot her web [ragmnissions iwhielf the wireling medinmeselativelpingxnepsive a9 15895t enpl oyees’
conput er V\Dr%icjagylg"f‘éﬁidédstoib% gically to check a few web pages and then to
do sonet hi ng S or an extended period of time, such as accessing locally
stored data or evethet factoisnatansider inthe designtofi@ wirelagssystam ate theget her . Ther ef or e,

even though such users y, I enmaj connected,t he Internet or private
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ef ficiency ofbrdvsetproginh diemaemde theiwer bags addriobMats; ovhaivhris wsasllydd0 bytst ens, but
there is 25 stil|l _a need for nore efficient Utjpleei zation of §vai | abl e

resour ces. SWIWWWFW%W%I SEVGPOmRUEE B i ssion of a
marker in,g %ﬁ@h@&r&%ﬁwﬂ%@m@%ﬁ&% web DsHeCkiBISmAY mEIASSIwikte t he

correspondl ng d unit to go active. That 1s, transm ssion
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
optirnize the use of available resources in wireless CDMA systems. Frequency re-
use and dynamic traffic channel allocation address some aspects of increasing the
efficiency of high performance wireless CDMA communication systems, but there is

25 still a need for more efficient utilization of available resources.

SUMMARY OF THE INVENTION

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




of a marker in an assigned tinme 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 transmt data on a reverse |link channel. Rather, the field unit
requests to remain inactive but synchronized with the base station so that
the field unit can immediately go #etive again at any nonent. In either
case, a wireless comrunications system enploying the principles of 10 the
present invention nmay inprove perfornmance of detecting the markers by having:
the field units_tr.ansm he rkers .at .differen wer .levels.(e.g., 9 dB
for one mar k%eya%er{ﬁ:ﬂ%hwﬁ?%gslgﬁqg?thg&?e};%f%aﬁsﬁtﬁg#ga%pﬁ ove system
performance. fdihi¢hediefd 1@iites the bhse sREVKS Thisrlrbesaiat the dieldrinit &y fFesehtlyows t he base
station to identify the raﬂuest mar kers using, alternative criteria with a

| ow probabi | i infhestandpy wede. inemativelyea fleld it teanprails amarkeriovena ssamdy i ncl ude
conparing the H&Hﬂeﬁ{tﬁeé&Jﬁ&@ﬁ&ﬁﬂy&d@@ﬁ&c&ﬁmﬁéfﬁhm faeaiekds, nonitoring
occupancy of fi'e s1'ot , occupancy of nutually exclusive code channels, or
conbi nat i orfs tehemstingfto bé-placed tmthp hative nndeo Fer xampliectht feld embduwts neint , a r equest
mar ker, which_i eneral ly a high lority rker. Jd.s transmtted with
hi gher pomr,wﬁf%wm%&afﬂgsﬂ%ﬁgﬁwi B%E?Tft‘ﬁﬁgtﬂg(‘:'ﬁ&f?ﬂuﬁﬁdoredyces the 20
probabi ity OfembidliSRti¢hiue Sxintiabnifdd wWith ehe'tasHs6:5bn SPthi ®ie fildur@t@n par ti cul ar CDVA
system application, the field unit provides a Heartbeat (HE) channel using
a first code inpmesdiatelygq astive agak at @ym9@eBase station and a
heartbeat-wth-re /%él . LS| ' he reverse
link. In this 8§%b§$%§t | o-r%Js cgléﬁ%@ Eﬁgéur?g %y%%%gﬁ%&ﬁﬁ%e%ﬁggpfggofi he present
i nventi on,10t hthe pifsseht ibehtiommby iimpyove perfrtibrice bidsteBhgthelmbiRé@phavidgannel s with a
difference in r . levels refera Iving t HB T the hi gher power
since it is athgggﬁ@pltsﬁqnm{hﬁgmgﬁeaﬁtazgl‘féag power%veﬂ?e.g., dRBQ%r one g P
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 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,
arequest 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 (HHB/RQST) channel 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 I-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




The teachings of the present invention support |I-CDVA and 1xEV-DV systens,
but are general enough to support systens enpl oying various ot her 30
comuni cations protocols used in wired or wireless comuni cati ons systens.
Code -5- Division Multiple Access (CDVA) systens, such as |IS-2000, and

Ot hogonal Frequency Division Miltiplexing (OFDM systens, such as | EEE
802. 11a wireless local area network (LAN), may enpl oy an enbodi nent of the
present invention. BRI EF DESCRI PTION OF THE DRAW NGS 5 The foregoi ng and
ot her objects, features and advantages of the invention wll be apparent
fromthe follow ng nore particular description of preferred enbodinents of
the invention, as illustrated in tHe acconpanying drawings in which |ike
ref erence characters refer to the sanme parts throughout the different views.
The drawi ngs are not necessarily to scale, enphasis instead being placed

upon 10 il lustrati t he, pri ngd s.of the i | on, ~Ei is a schematic
di agr am of aﬁmm@?éﬁ’ SE@Q&@FF&%@E as{iﬁﬁ@@ld,g.%dngg%q%ﬁ%a%t of the present
i nventi on nayFrégettyDiayesMuftpixing (DEDM) Setbasabdnces HRR802D] oiviralessubsy st em

enpl oyed by a base station in the conmunications systemof, Fig. 1 used to
det er ni ne whdeqgbsreanetwerk (lAN), mayenanlop pi embediment of the PEeset IVERKCRAt i on for a
request to change communi cations states based on an energy level in the
signal; Fig. 3Ais a signal diagramof a 1xXxEV-DV signal with a first marker
i ndi cati ng = BRIEF DESCRIRTIONOF BHEBPRAMANGSr ker i ndicating a “request to go

active'; ig. 3Bjs.a sign di agr of a code division nmul.tiple access
(CDMA) set”of 20 '{hﬁg’r‘?{éﬂ’&gﬁa@%g@%}%{'ﬁﬂ‘g}%ﬁﬂ‘%d}&?&%ﬂnt! me slot that
i ndi cat es t hajinbhpapgatent fom th ifllowing s SEHduRE dRciiiidl @ Lpreferré®NMTUNI cat i ons
states; Fig. 3Cis a sugnal di agram of an alternative enbodi nent of a

reverse |ink embodimants Rbte inyenties a5 Hipteatadiio s accamganying drawings imwhiclt  of

Getorm ni ng. REFageied oo B BNt b o WAL Bl s Py %0 11

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

LET.

10 illustrating the principles of the invention.
Fig. 1 is a schematic di:algxam 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. 4vis a plot of signal-to-noise ratio versus probability of detection that
25 may be used in determining energy levels of the indications in the signals of Figs.
3A-3C.




3A-3C. | 6 DETAILED DESCRI PTI ON OF THE | NVENTI ON A description of preferred
enbodi nents of the invention follows. In a wirel ess comruni cati ons system
an enbodi ment of the present invention applies to the power that is
transmtted froma handset (or the target 5 received power at a base
termnal station (BTS)) for a Heartbeat signal (HB) versus a

Heart beat - wi t h- Request signal (HBR, B BIRQST, or just the "request" signal).
The HE and HB/ RQST signals maybe transmitted on a naintenance 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 CDVMA communi cations system The

mai nt enance channel is time 10 slofted and different users are assigned
different slots. Afield unit in that wirel ess conmuni cati ons system sends a
heart beat signal to maintain timng and/ or power control as well as an

I ndi cation of presence to the BTS. Wien a term nal needs an assi gned

reverse |ink BDDEWHPM%WWNTIp%sm ts at |east one request
signal. The si gna ( Bﬁéﬂ i nply coded pil ot
[ éot%;qn e reqw rerrents foaﬁqﬁvegljio m 55 fov

signals with no r probability of detection and
probability of falmzewudasemnmmncahmssydnmancmbadmmofétheprqmt e different. For

I nstance, the detecti for. S v It may only
need to be ddRVRHREPR °Sé°{hﬁg%wetr 18, @%‘éﬁd%é’ﬁbi@ﬁ‘%ﬁ ﬁa}éﬁé he slew of the
timng of she.Gade @dﬂ@@ﬂ@&wéﬁmgs@ﬁaﬁqms» for 2 MeRrEBsaERMA (BIB) Methsi - pat h _
structure change resultl ng from DOEE in the channel . The s)ower control in

this case comHmb@t-wﬁh-\R@ﬂu@StiS /REPTaestest the o Q‘éﬂf’f IS%% ofle det ect i on.
For instance,f ved power is
not above a Iﬁ’?ﬁf ﬁg/}lﬁsﬁr}?ﬂﬁ ?%&nh{?&%%eaghaé%?%g at ron’ hﬁgﬁsgned t he

power conmandijscised i @. $8&ﬁﬂNoh(m/7751365 Mglmdecthamal@mdmny}mn t he terminal

tsﬂguljgt eg?ﬁ%ewamkoégq Legu reaoérﬁmnen}catlolngs;stgllns 'Igglgng.llngegalm%g channe ?gsltlr{n?nt I's that

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




to allow the detector to be aligned in tine to the received signal. On the
ot her 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 probability of detection and probability of
fal se detection for the heartbeat signal, 5 request signal, or any other

si gnal ed nessage can be enpl oyed. Bdsed on the signal type, an access
termnal can transmt the signals with different powers. Various criteria
can be used by the BTS for detecting indications of a request sent on the
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presence, or both nay be used as detection criteria. Fig. 1 is a diagram of
an exanpl e conmunil&ss, pesaxdingfe the principdes of theipregent ipyentins, 2 diffe®m descri bed
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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, 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. Bach
link 65 or 70 is typically made up of several logical reverse link channels 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, inltemet, 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 Cod;s Division

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




25 access unit, to provide wireless access to the network 20. Consequently,
the portable conputer 12 has access to the network 20 based on

conmuni cations over a conbination of both hard-wired and wirel ess data
links. In a preferred enbodi nent, the forward |ink channels 60 and reverse
link channels 55 are defined in the comuni cati ons system 100 as Code
Division 30 Multiple Access (CDVA) channels. That is, each CDVA channel is
preferably I -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
I's then nodul ated onto a radio frequency carrier. This enables a receiver
to deci pher one CDVA channel f r om-&mnot her know ng only the particul ar

augnented PN code assigned for a 5 given channel. In accordance with an
enbodi nment , each channel may occupy a 1.25 WMHZ band consistent with the
IS—95CDIVAsta rd an DVsIa dard and is pable of transmtting at
38. 4 kbps. Yﬁ‘ 1H$< 8‘(3’&‘6&%55‘“?167}?%3?‘655‘%% et orward |ink
channel s 60 pée%do 2ARMIoideTPR) éoﬁ@kédd&fée arflﬂmdéam&n@{he@%&mmbd nk Quality
Managenent 10 channel 60L, pagi ng channel 60PG and nul t| ple traffic

channel s 60Tontqarrgh<efrwencvn«n@5 Tihts@n@épégr@quzréaéwnhmv@e@% reverse |ink

channel s 55. h | 55HS,
heart beat reques?l%gg}vg\t}thgr%ﬁ E%Pyggﬁ@fnﬁg%éess éih goreaggégg%ganggnultmle
traffic chanpbesclabiel. nateidihdewith dnbmbodimertSdact dhaknmelansehpy Hh2sre sim | ar
to the forward |ink channels 60 excest that 15 each reverse link traffic

channel 60T @@#E@Sﬁ%“@hﬂ%‘@?@ e dard ang JxEVADY 1§ $and4s paxi mum of

160 kbps. & ﬁu&&\% the base station 25 and field unit 42a
typically a?st‘aflé enc o?ed didgital information, such as web page dat a.

Based on t he aI I Acﬁca'WaxdrimbﬂO mqlutiersput least fomf Togical déravardgink chaunels 60.r dver se |ink 65
or 1 orEr 1 o B 5 05 UL BT b R RBPGATHBF0L L e
si nce nul 10 plcBanhé1BOT), pdging chadrdl mmaﬁcanﬁm;sle traffic channels 60T.
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 S5A and mulﬁple; traffic channels S5T. 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 1XEV-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




bandw dth 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

di scussi ng an exanpl e detector system (Fig. 2) that can be used-'to 25

di stingui sh a heartbeat froma heartbeat-w th-request signal, a brief

di scussion of exanple signals will be discussed in reference to Figs.
3A-3C. In Fig. 3A, a 1xEV-DV signal 160 that may be transmtted 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 -9- renmains in an
‘idle' or “control hold state, which indicates that the field unit 42a is
not requesting traffic channels. The 'request to go active' state 170 is an

i ndication that., the field unit,ls,reqguesting to transmi a.on a traffic
channel over rﬁ%@r?emﬁl Ph ﬁm{ﬁc?l ]?qi% SE%S“@%@ m&‘ﬁat%téatt%eaﬁ%‘* @?tg?g{se 175,
traffic data Adbrdghétingirdfiechatnelst The froqikd] tdgoltidtivie’ btatetl N@iskEd didatidd oW Ng
transm ssion of the traffic data over ,the reverse |link, the signal 160

reverts back e the-field wstis regnesting tg transmitidata pp 8 trllic|chARRALPVEr ATPYFHSMm ssi on of a

"data transm sl et.e) R tl‘%.lléﬂ?] as a single
signal 160, iltﬁﬁtstﬁglgl be5' %%?@%%gétlﬁéﬁﬁwgi gha Rbn%%@%l tiple

si gnal s, opt i witdd the BTSd #Fdllawibgiransmissigmoefdte teaffioriate- avet theopuersd link]fle codes i nto
mut ual Iy excl usi ve .channel or _ex l.e, t ‘control hold' state 165 may
be transmi tteSéSDGhNQTWHT@EF&tE%HM?ZFB? S ]{%ﬁ@lﬁ’?@?ﬁfewmﬁrb&é‘ctive' state
170. Siml ar‘hﬁauhﬁgjgsfoﬁﬁ;&hﬂetd’agt@eﬁb@ﬁ&ﬁﬂ)fited in atraffic state 175 maybe
on a separate channel fromthe other two states 165, 170. An exanpl e of

nul ti pl e channel iAdthowghshoyssas@ singlesignd l6h desheudd s ypderstopd thaldh®C. 15 Fig. 3B
I s an exanpl e af-Rel: d LS | 1 S - )
i gnal i ng di SpariR b ELeRR it R i BEEEEGubEEN
repeati ng 10n codgsdnto mutially exchusjve clmnneldl Fby edamplentile Sonttalhold; staftbé65channel s are
conposed of the . heartbeat channel 55H, reguest channel 55R, _and traffic
channel s S5 TRetegiffEiaes LR AuRee et Ty st ecier gt . 2 Co,
G4, ..., ON viiin@hviytHe @R idai dbhSsndi®ed®a traffic state 175 may be on a separate

channe] 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+1 177b, and so forth. The channels are composed of the
heartbeat channel 55H, request channel 55R, and traffic channels 55T. Bach of these
channels has an associated code Cl, 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. | f
’ Fig. 3C is amore detailed signal diagram of the 1XEV-DV signal of Fig. 3A

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




20 transmtted on nutually 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 thereinin a

typi cal CDVA manner. In the 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 transnmit data over a reverse |ink based on a signal 185 in the request
channel 55R in the first epoch 177a. In the second epoch 177b, user 3
begins to transmt traffic data 190 in an associated traffic channel using
code C5. Fig. 3Cis a nore det ai |8 signal diagram of the 1xEV-DV signal of
Fig. 3A 30 that is used to indicate a 'request to go active' to the base
station 25 fromthe field I 10 wunit 42a. In this enbodi ment, the 1xEV-DV

signal is conposed_of,. multjple si on different_ |agical channels: a
hear t beat ch¥HiE- .35%0%8%&5%&%@61?&5%‘11I@Qﬁ?“%ﬂ%mﬁgglff channel 55H
provi des CORb MEeis: 164i66 Bl adedtbeat cRinfié] SBH il feGueft chanrBISFRL | evel
synchroni zation, etc.) fromthe field unit 42a to the base station 25. 5 The

field unit 4Zsehearbeat dhanncbfkprovidds sentiapous mingandipiker inforealige &8+ e. g., digi t al
"1 ") of the base ,staljion 25 to.r, Ay i n the reverse
link 65 for POYERRYEh W%fﬁﬁ%ﬁg%i.ﬁégﬁ%qif%ﬁgd@#éé@%%ﬁ?%%?@%%,29-195b, ..., 1095f
(col | ecti el Fhelfdid udesratued thaytequest cleinsel §5Rltocadke a rdqnest (eqy, digitakititlal s at whi ch
the BTS 25 sanples the tinme slots of the . 10 request, signal 55R and,
optional |y, ?é}gebﬁéﬁftﬁtb’éz%t%ﬁﬁ‘i?ﬁtélua%%‘ﬁ‘?‘@el&é‘t%’rﬂ%i%g%?Pér a request for a
traffic chan%m&ﬁngg&wg made. It should be understood that the sanpling
may occur over the entire time slot or a subset thereof. Al so, the heartbeat

channel 55H and rSaopbisg tintpeniodd 1958 R9%ks e, A (calldclivedy EAShdenpteddBdes, in this

ticul mbodi., .so th Ling.i f t hej tual |
PRl st ve 15RO AR of Bier B it e BB 35 b U A bl (B 1Y
one part i @ul fkueseyiRaNSIREMH, optibellp abehesttaitichanaS SHaspdtemintvhetet y excl usi ve

code channel s 55H,
arequest 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 time slots at sampling
times 195b, 195d, and 195f. During these time slots, th¢ 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 ina mutnally exclusive code channel in time slots when the heartbeat signal is at a




55R in time slots designated for request indications, such as in tine slots
at sanpling tinmes 195b, 195d, and 195f During these tine slots, the

heart beat channel 55H is “lnactive," but the request channel 55R is
"active", 20 As discussed above, the signals in the "active" request tine

sl ots maybe nodul ated nessages or sinply coded pilot signals with no
"bits". Thus, detection nay be based solely on the respective energy |evels
of the heartbeat and heartbeat- with-request signals in respective tine
slots over a given tine interval or spanning several tine intervals. In one
particul ar enbodi nent, the ‘controLHboId' 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 enbodi nent, distinguishing the two states
may be a matter of neasuring energy levels of the signals(s) and (i)
conparing hayanesgy TR\ elent By 10kIsBf b BRRMIAIBa b ASWBLERe (1)

det er m ni ng t% t a request 1s présent, optionally in a mitually exclusive
code channel dutyayclmafthbmgm]s;\ﬁeqnenchefﬂleagnabemwesoﬁhamgdab gignaling - 11- | ogi cal
zero. The different ene | evel s of the indications may be provided by the
duty cycle oﬁ“ﬁﬁ@egpgﬁ%fg% frequency of the signals, power of the signals,

signaling struct g @adefiiild h6w tHRiehdigy 18RI\ R cighANchn b Wsddheingiievegy | evel s of
the signals can be used to inprove _5 system performance, one can refer to

Fig. 4, whpchysieropsrianange cmaean referto Eig ’éd‘thiqli@m‘%qe@ﬁ%haﬂrf@‘ seleEiingr ement s based
t he foll t

L) (o oot & APRALRIERBIPoslla b Ofind dabubf DRI ) bl 00T 0N,

pL obability Qi_‘fdétedtmﬁ', M@ (entis) i) sifpf u%no(seunvaﬁdem_hels (yenxaﬂ),and Iul)I Thi fs chart
ows a required,, ratio u ninals of a

isi near - r ect ?fﬂr@}"g‘é} %Eﬁﬁlﬂtet§§t‘°3’€f§i)fcﬁﬁ'8ﬂnghf Mphﬁﬁﬁgﬁﬁ?‘?v 8f detection for a

single pul se, eifireisibAde td-MiReatR| 2hBnpRitaRAAlsl of b Yinddf-tedlifid Ietectadsanet er
calculated for a non fluctuating signal. It should be understood t hat

al t emat i va0pafimstion ef prohsbilityaf detection oy a siagle pelee, #ish theifalsstal&m or define the
transmtted p rgg%i;lh{yeﬁfﬁB 3s O;taraﬂyteer, Rt PR Son 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 pro(liding 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 channel 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




At the circled point 200, the signal-to-noise ratiois 3 dB, P(d) = 20% and
15 P(fd) = 1% To increase the probability of detection for the sone
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 perfornmance and, thus, inproving the |I|ikelihood that the request
signal will be detected quickly. 20 Before providing an exanpl e nodel and

di scussi on regardi ng exanple Heartbeat standby 55HS and Heartbeat Request
Active 55HRA energy levels for the lj,zrexarrple conmmuni cations system 100 (Fig.
1), a brief discussion of a processtf and detector that maybe used in the
systemis now provided. Fig. 2 is a schematic diagram of a request detection
processor 110 used to 25 determ ne whether the field unit 42a has requested

to send data t 1S .25, Th r Lver [ Lves si s 55, which
i ncl udes the c??%ﬁmﬁfisﬁi n éiag%qg%ﬁgqmgg&sce\éPFéﬁﬁe%\ri’%eﬁg%ﬁ%ﬁbeg?ﬁm%gcess channel
55A, heart beaictivt ctpgihel SSHRANel 55HS, and heartbeat request active channel
55HRA. The reverse |jnk channels 55 are processed such that a heartbeat

channel processor T@&FW%P@B@P‘H@W&H%%%“@* progessordid e ' 55HS and a
request channgly, QrRe %Eoc&liﬂ%rélgxggdstés,’ gf&u%?%ﬁkﬁ&remﬁﬁheﬁ?é&%&ussﬁﬁt ive channel

S5HRA. The heartbeat channel 12 and request channel processor 114
i ncl ude thé sefust the beartbedt nanndl proessses 113 willttsipsovised fardeavity. enbodi nent, so a

di scussion 5 of just the heartbeat c nel gcessor. 11 V\1'II be provided
for brevity. The hﬁ'ﬁ#‘?aﬁtg?ﬂ ‘%ﬂ?ﬁ]?fg?ess& g@grgcsebvrepéxf%eqﬁﬁ% is\%%‘éytc ?11eart beat

st andby channssis. Aoddfrelafdr ¢ 05 used sdeSirealldr 20 S tespeddabytieadlbiar stahd®y t 0 despr ead

t he heartbeat standby channel 55HS. An integrator 125 is used to coherently

conbi ne the HaamehERS. Anjatgerator B ivuspdiospharantly sombing thgheartheat signadl | an

I ntegration [ WC | gnal to be
renoved and ?&Jﬁﬁ?&% e Bﬂgé\%g of ﬁé&gﬁgégtf&%ﬁ%ﬁ%ﬁghtahg&%ﬁr@el ator 115, a
rectifier 103Cphpse.of the stgnaldd e removed und @ftput the pewervdithe siggalar ed) rectifies the
power of the si gn%l’lovymé&xg cér?ela&o@?%,%rrgcggérqt:l& 8.e9¥1bs%lu%eevc ug%f 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. A
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. Bach 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 energy level threshold is 11 dB. The energy level




i ntegrator 135 to calculate the energy of the received heartbeat signal The
second integrator 135 provides non-coherent conbination of the signal,

which is calculated 15 over short time intervals. The non-coherent

i ntegration provides just magnitudes if the termnal is noving too fast,

t hus causing a cross-over of the 180-degree phase point, which can cause
anbiguities in determning the energy of the signal in the absence of the
non- coherent conbi nati on. The output fromthe heartbeat channel processor
112 is a heartbeat energy 20 level, and the output fromthe request channel
processor 114 is a request energy level. Each of these energy levels, in
this particular enbodinent, is fed-133 a hypothesis detector 140, which
determ nes whet her a heartbeat signal, request signal, or neither signal is
in the reverse Iink channels 55 received by the base station 25. To
determ ne which signal (s) is/are present, the hypothesis detector 140 25

i ncl udes | og|t1ueﬂholrds:nleyb®¢b@ammdiya9£@tpqap@dct¢rmmﬁlog aprdied incanpther enbodi nent, t he
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detector 140 may ange the st e conmuni cations
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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 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 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




that a 'request to go active' (i.e., send a data transm ssion on the reverse
link) is 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 conmputer 12 with a traffic channel 55T. In one
enbodi nent, the BTS 25 allocates 15 the traffic channel 55T if the detected
energy level of the signal is determined to be above the second energy

| evel threshold. Alternatively, the BTS allocates the traffic channel 55T
if the hypothesis detector 140 determnes that the detected energy level is
bel ow the second energy level thregfold. As described in reference to Fig.
3C, the heartbeat channel processor 112, 20 request channel processor 114,
and hypot hesi s detector 140 maybe configured or designed in a nanner that
nonitors an occupancy of tinme slots used to indicate the request to change

conmuni cat i 0RSecdbadk fdp nlah u HcoRIHARE biRddiage foltan G iffeinhdlon bétWeen4BES NoONI toring
occupancy of mutual Iy exclusive code channels, such as showmn in Figs. 3B

and 3C. 25 ABTScubEelit uhibtpt iteledes sifsmptionmegarding thapoiweylevels of thtause t he
heart beat chanpel pro r. 112 and e n tg,ocessor 114 to be
"adaptive". E%@Bwégmeﬁéﬁl%éeﬂmgﬁs@ﬁ%%@2&3\9%&%%gidg@nl evel of the

heart beat channel AS&kusdel) bove, Mhefiyitabininitdtions shdte fkebd dxtagbyat ors 125, 135 may

be adjusted, and the energy |level _thresholds used hy the hypothesis
det ect or 140 coBRURiEAERY TtaloEd the se¢ad goramupicatiensstate may bsp pefeadhear t beat and

request st 90 im{EYariBh il On B Sl Byt b RRA 00, Such 1 -14- 2

f eedback | oop nay use a conman r message to transftfer information between
t he BTS and cémmimicationg stat¢samayirefer to diber communinationostatespspeh a gwgquelte power | evel s

of the hearthbeat or heartbeat-w th-reguest .signal s.transpitted by the field
ni 4 As di s LGRS Phtsc Aoy R (el LBt g 3t s Tho ESPGRE 2ot anaby 5
comuni cat i ORger)igveh iﬁ@@nﬂi&lﬁaﬁﬁﬁ@i&édh‘e@éﬁﬂd@pﬁi@iﬂl@tﬂ%ﬁle@é re@yr be a payl oad

communi cations state. In other syst ens or even the sane syst em t he

conmuni call onrpticst epmanpnieatjons systemst b eitherspse dbmepmmnunications statgs merbe such as a

request used in voice or data communications systems.

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

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.

S TION:
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 is made to




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 10 optical conmunications systens. In either case, the
comuni cations states maybe wused in voice or data communi cations systens.
As al so di scussed above, the second energy | evel nmay be based on a target
probability of detection, fal se detection, or conbination of both as

di scussed in reference to Fig. 4. In other words, the field unit my
transmt the request signal at a 15 given power |evel or a given nunber of
pul ses per given time period to achieve a correspondi ng signal -to-noi se
ratio for a given target probabili-tsy of detection, false detection, or both
as discussed in reference to Fig. 4. An analysis naybe used to set the
transm ssi on power or nunber of transmtted indications, or a feedback

mechani sm may be enpl oyed in the 20 communications system for causing the
field unit tdsteshinegeecommendsd tapgebP/losfor apsaceqptablepyebabilily of detestige@adner gy | evel s

of the indicati Le predeterm ned signal-to- noise ratio, thus
g A ee

provi di ng t e proba ity of detection and fal se detection
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SNR t ar getss IE fmerizs:and  HB/ RQST channel s are provided. Further, an

anal ytical calculation is nmade to 1 -15- determi ne a recomended target FJlo
for an acceptabl e proBR0iziclossd lodp powerconirdn and probability of false

detction, 10,1 o [ Selae [ METELIA iR A Epkpka e (o L5 2000
fol lowing 5 par aRbRmg GaBOOky whireB dterfi@ampe()ds\etotat reotivedl interference
for the i‘th user and calculated as P_jnterference(i) =20*log 10(10)*Z,,;
10 (107P(§)/20)+10(P1,/20)), where P(i) is the power received from the i'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 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/Io, 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. ’I_'his false detection rate is of interest as it
should be low enough that non-détection will occur 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




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*| og
10(10)"E .1 10 (10"P(j)/20)+107(P420)), Wiere P(i) is the power received
fromthe i'"th wuser and Py. is thermal noise floor and is arbitrarily set to
120 dBm  processing gain is 10l1og64; fading nodel is |akes; Er = a Nornal
distributed randomvariable with 1 sigma = 0.67 dB 15 error in SNR
estimation at the BTS; and power control bit (PCB) errors = 3% In this
particul ar simulation, a choice of g target SNR for the HB channel was
chosen first. Based on a 9 dB E/| cl%where Eis the entire energy in the
heart beat nessage and a 95% probability of detection with a 0.1 %false
detection rate in 20 Additive Wite Gaussi an Noise (AWG is achieved (see

Viterbi, . . r' C s of ect.r ni cati on. Addi son
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significantl oﬁhbﬂl'%elhtﬁe%cﬁﬁgéi@ir@xﬁﬁdn@ﬁe&ﬁs&l@er&fmlﬂéfbﬂbvﬁﬂwscﬂﬁélﬁ fal se

detection rate is of interest as it should be | ow enough that non-detection
wi Il occur for aDetektianof deheartbag signal atith §A Hz pewenteeniral Mesusdield wnitl has dr opped
t he communi c Ca duration is
defi ned by a\?eﬁ ﬁggnﬁa%nn%&eregdﬁpe u?@%t?o&ﬁé%%f)&ﬁatflﬁ'%'te slédeey%lr ]g%to 100

sequent i als naodifiatiaetweps@adefsath tha tRpewerontiad (RC) $ite1i3 50 Hraihd stadbyng

envi r onnent W|th 9 dh E/lo,, a 90% detection probability and a 1% fal se

det ection | terpEn sragf'g,mpglotfﬁde@ﬂncqvgéapwgt heory. For this case, the details
associated with EWE?] 0P the tenRRRL el dvint bdvh BRouf RRLR SIRELIbeNTENt are
considered in th {a‘l?etﬁn 1 escu53| one Det ectvl onuo 1E’e cﬁeart eat signal
with 50 Hz nmmrcomoim@lenwamsmbnﬁllwmemqfadmgmqunditbmwp@ﬂmsi dered. The
sinmulation is based ul | ratem) i n.which 5 difjgations were nmade
Such ¢hat t HEsh Suio G istreseist b ety weisgeyEte dRavet Cimpp 5%

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 equaéion 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 - P(HB)) * PR(HB) @)
| = 5% *0.1% = 5B-5,
where Pfd is the probability of false detection and Pd is the probability of detection.




termnals are time slotted, non-overlapping. Wile the speed of the term nal
Is irrelevant above about 2 nph, closed-loop power control is seen as
useful in allowing 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 perforned poorly,
denonstrating that sonme form of closed-l1oop control is needed to maintain
the mean path loss. It is therefore useful that sone form of closed-I|oop
power control be performed to bring the transmtter (Tx) power of the field
unit to the average appropriate for the field unit to achieve the nean path
| oss to the base station. 15 Sinul i on using the above parameters shows
that if the base station detects the "request to go active' indication 2 dB
bel ow the target SNR (as defined above), then the average time of detection
Is about 16 ns, with standard deviation at about 14 ns, Fromthe

simul ation, to achicabavesqnasipn pad iefiktyjs 3 producy ehtrarconditions: (yAOt the fol | owi ng
ti h f ) : : = : HB) +2dB (1
Based on t no EARe SERREATE EbRIGE b i R b TR 2 e Gl SR

Based on the requfre ectl rat’es 1 n AL\,
of 9 dB for when itisawot jresht. (Thsdagpessmnitid BoudBsificerthd ddditiopa 2 tdBedt - Wi t h r equest

(HB/ RQST) nessage re cho . ese [ anet er ield 15 nms detection
| at ency on a\t}'él?%ﬁ%ﬁ_ %W?ﬁh@%%ﬂ%ﬁ%%%&ﬁﬁn&a@ﬂse detection. 25 In
terms of false asgi OAEeAd ofH0BAMslWIuK yieMh fafie hidRninentF6 odekakdbiyon rate is not
explicitly calculated in the sinulation, a pessimstic bound is given as

fol | ows:  Pf 8§eREST) 409 seconds qucivemge) For Wheprtbesy uger) the b apilitydsl@e’,  where Pfd
is the probabili fal. Ch Pdyd ’ ility of

det ecti on. I%ﬁ%gﬁ%&w g%é\ﬁ/%p%%ngt ?%eg&%lﬁ’ggrrae@uu* {%a#eg %tgﬂé[obggg%ct of two

condi tions: pépulatioh ofi®d fori particulanbase stativhehe sverge falsklBssignimkt ratk isi's present and
(ii1) falsely detecting a, HB when_ it is_not present. This is a pessimstic
bound since P’H’é"tﬁ‘fj@iqeir Y ope ggryfpur seconds.

10 A condition of a false assignment can be recovered from relatively quickly as

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 Pfd(RQST) = 5E-3%. This should be detected within one
or two frames before the channe] 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 io be better than
30  75ms 99% of the time.




pansmtted power for HB/ RQST versus HB is not included in the analysis. 5 At
a BBrate of 50 Hz, this would yield a fal se assi gnnment for one standby

user every 400 seconds on average. For N heartbeat users, the probability is
| inear since the events are independent. Therefore, for a fully | oaded
standby user population of 96 for a particular base station, the average
fal se assignnent rate is " expected to be roughly one every four seconds.
10 A condition of a fal se assignnment can be recovered fromrelatively

qui ckly as the fal se assignnment can be detected quickly. Wen a fal se
assignment occurs, three conditions are typically present. First, no
traffic shows up on the assigned rel®rse channel. Second, the heartbeat -
Wit h-request signal is not present. If a mssed channel assignnment has
occurred, the HB/ RQST continues to be present. Third, the 15 heartbeat

message W || |ikely be present. The probability of not detecting this
condi tion in one flngfaw|agorrglypshowvthatthesddigon of fiBsofahditipnal seusmit ect ed wi t hin

one or two f ‘ - i ) itimte
aser. 1 it 1 EVER BEERROST AN M ol R B (e BT
capaci ty woul dbteotiorr letentyeal 1 Sms onraverager Anteltinmtel Sftlted-channel tstal y | ess as t he
probability of fal se detecti for the 20 HB/ T is targeted_at 11 dB E/ lo.
For a signal WicEFeREs °g?%@¥§°ag“rebt%ﬁ“{‘??é’ Hd%&%ﬁﬁ%ﬁdeﬁs%@naﬁ sction
threshol d, st hgyg Qln@¥mdral dehfd (9600 bpsR eI sd Fraffib ChitheRET ofteipeen the

! {9600'p se/Fraffi RRETCHE 9600 HHE

simulation with a renote subscriber unit noving at 1 nph and at 20 nph. For
t he hear t beatRexemshDediesipdeontrgligdameSR-DECHNal , t he average del ay to detection

is less than 20ns i th a 25 detection. theeshold 2..d | ow t he target
SNR of 11 dB. Thi wg%ﬁgg?ngfnéﬁ%si%ﬁe@é{a%p A ’é‘/%%?‘gﬂ&%f){“‘("l’@"ﬁ@w ‘i's increased
by 2 dB for trefrettds R§dfefral aiboliench® tHeftof, il bé @idedstood bthderslilled i on shows
that the m nijmum average, given,96 users jn a 20 nms _power control (PC)

period is cl da&eaEs hataiongthangss fnform anddeislomegtberends epdt VoWt han 30 75ns
99% of thqot'déﬁagtrir]ﬁ%ﬁ&nm%co%bH%@fn‘véhﬁo@én%&nﬁﬁ&%ym%bpénﬁﬁ@gﬂk.t' on of 2 dB of

additional tran




power for the HB/ RQST nmessage increases the detection probability and
reduces the detection |latency to 15ns on average. An estimate of the
co-channel total interference of a fully |oaded mai ntenance channel is
between 6 dB Il ess than an 1S 5 2000 fundanental channel (9600 bps Reverse
Traffic Channel (R-TCH), 9600 bps Reverse Dedi cated Control Channel
(R-DCCH)). Wiile this invention has beel-particul arly shown and descri bed
with references to preferred enbodi nents thereof, it will be understood by
those skilled in the art that variogﬁ#cﬁggges in formand details nay be
made therein without 10 departing fr 2 scope of the invention
enconpassed by the appended clains. 1 -19- CLAIMS What is clained is: 1. A
cpnnunicat!qﬁﬁqu&Bn%ﬁmprising: a receiver to receive at |east one first
signal havingatirs

[ indication of a first comunications state at a first
energy | evel,, anq\to receive at. | east .one second signal having a second
a

| ]
i ndi cation for CQIRURICAUONS HOuk EQMPISINE- S0 cond  communi cati ons state at a

second energy |evel; aneefefRire6divd attétsPdiRTirbtdignaBhdvineh fifek iddicaden 6t t he
first and second indications and conprising a tinme slot nonitor for

noni toring an ocadpsstreeynamicatippsestale af asfingkengrgydeyaAnddp secevs af kgst@se t o

[ uherein the derbarnseupEY e serl ERETNR B KBS MR KU ELBR O, 1T

time slots. 3. ThemaRmivdfibatdtOns setdrd eneggeieitgndo Claim 1 wherein the tine
slots are mutually exclusive. 4. The conmuni cations_unit according to Caim
| wherein the detect op deigaior coupledita thesgeeyes t Aetpctdhe frshand ©591%ns states in

response to detecfi:ng: ; NNl Tl WIRVI T ol %ﬁr&%gﬁn& foot h
mut ual 'y excl usi \q/%dlﬁhr?ggs %%Géﬁgﬁlésdtth@pgg@?%cﬁgr cfgéés no? caus ayrrbequest to
change communi cattinensots useddse iridicatecthp cegmest 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 1 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 1 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 (ii) sets an energy level threshold based on the energy level of the

first energy level.




to detecting energy |evels above respective thresholds in fewer than both
mutual |y exclusive tine slots. 5. The comuni cations unit according to Claim
| wherein the detector includes a code channel nonitor to nonitor the
occupancy of nutually exclusive code channels. 6. The comruni cations unit
according to Claiml wherein the detector (i) includes at |east one
integration unit having respective sel ee2®ble integration tines and (ii)
sets an energy level threshold based on the energy level of the first
energy level. 1 -20- 7. The comrunications unit according to Caim1l wherein
the detector (i) includes an integration unit having a fixed integration
time and (ii Y. set Thapommueicgyons auit laceonding hoClklirh d ydwrain thehdeteatern(dnmi t t ed power

| evel of the at t, one, first and seco iLgnals. 8. Th ni cations
unit according to"’éf“élfsm“\’ﬂ%”rt@in Ving 2 egb‘ﬂ?ﬁ?ﬁ?ﬁ”c‘é‘?‘ ‘i(lgtggu@nl s a
standby state andejdigy ROEIGRFEsKATBANRH oA iheBrmsmitldDoiner levePetythead least one
comruni cations state.” 9. The conmuni cations unit according to daim1l

wher ei n t he commufirstaed speend signals.i s configured to operate in a code division
mul ti ple access (CDMA) or orthogonal frequency di VI sion mul tipl exi ng (OFDV

w rel ess co nlc i ons stem 10. o) ni. c |on upi f according to
Claim1 wher eﬁ‘b‘ﬂWBﬂ Etéﬁqsb‘ﬁé ac@?&f‘%i"gﬁu %ﬁﬁﬁstati ons states.
11. The Commm Cawaﬂﬁnféﬁ'ﬂléns%@a%dlsfaadﬁﬁstﬁb 2hd'thé s&dahaféeﬁmhﬂﬁdaﬁdhmﬁam usting
the second energy level of the at |east one second signal based on a target
probability of despeyloaghcommuniTstionsstateuni cati ons unit according to daim1l

further including adjusting the second energy |evel of the at |east one

second signal bas on a target . . . . L
g 9. %’ﬂe commumcat?ons unit according to Claim 1 wherein the communications

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.

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

12, The communications unit according to Claim 1 further including adjusting the
second energy level of the 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;




probability of false detection. 13. A communications unit conprising: a
selector to select a first indication to be transmtted in at |east one
first signal and to select a second indication to be transmtted in at

| east one second signal, the first and second indications having respective
energy levels associated with communications states and detectable
according to alternative criteria; | -21- a transnitter coupled to the
selector to transmt the at |east one first and second signals including the

first and second indications; and a nultiplexer coupled to the iiﬁl ector and
transmitter to apply thiEansmitsr coupled dbesrdectordp fansmyhtheiapleast e firgpad j o

signal i ng channel secddh i Jyes GERHIG AhisORD itk iAGEAIRAGG 0 O @i m 13 wherein
the energy levels o e first dnd second 1 ndications are selected in a
manner consi dering compatipkxer agpledds therseleptenatehirarsinitees hobppdy the fastr ecei vi ng

system 15. The co ni cations unit according to Caim13 wherein the tine
slots are rmut ual ¥ sesend jadigations g time slofs A stEnaling haanglni t according to

Claim 14 wherein a first or second indication provided in both nutually

im 14 wherein a first or secon | both mitually
and & first OF sonuarnbiehEs il KRl b EaR-EAMLPATE [OPReF) 01

excl usive tine slthtfirstiadd secbad irdicationses¢ sdlertedanmimarninar cansidlesngre :
communi cations state. 17. The l%ﬁm'%gl caﬁri %f z)ni t according to Claim13
wherein the sel ectoyPagsy seadnst pndependent threshelds by A18Cq1HRE ¥ ™Bns in nutual Iy
excl usi ve code channels. 18. The communications unit according to Caim 13

wherein the g8t efidorihiiéRons dhit AGBRInPBTIRM 1DEn0E ARG sIGiode channel

time slot occupancy, assoclated energy ndi cat1 on ration, and
i ndi cati on repetimbmally &&lusivee conmuni cati ons unit according to Claim13
wherein the comuni cati ons

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 13 wherein the communications
unit is configured to operate in a code division multiple access (CDMA) or
orthogonal frequency division multiplexing (OFDM) wireless communications

system.




states include a standby state and a payl oad conmuni cations state. 20. The
comuni cations unit according to Caim 13 wherein the communications unit
is configured to operate in a code division nultiple access (CDVA) or
ort hogonal frequency division nultiplexing (OFDM wi rel ess comruni cati ons
system | -22- 21. The conmunications unit according to Caim13 wherein the
comuni cations states are data communi cé#f2rons states. 22. The communi cati ons
unit according to Claim 13 wherein the selector applies the first and
second indications to the at |east one first and second signals based on a
target probaBil it ¥heeommurications unipaccordieg todiaim i T whersinsthg spmmasisetionsng t o
Cl aim 13 wherein %tgt%s I(ﬁ tc%an P aki&?s st#t@s‘? first and second indications to
the at | east one T1rst ‘and second srgnal's™ based on a target probability of
fal se detection. 1

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

the first and second indications to the at least one first and second signals

based on a target probability of detection.

23,  The communications unit according to Claim 13 wherein the selector applies
the first and second indications to the at least one first and second signals

based on a target probability of false detection.






