TRANSM TTAL OF HEARTBEAT SI GNAL AT A LONER LEVEL THAN HEARTBEAT REQUEST
BACKGROUND OF THE | NVENTI ON I ncreasi ng use of wirel ess tel ephones and
personal conputers has led to a 5 correspondi ng i ncrease in denand for
advanced tel ecommuni cati on services that were once thought practical only
for specialized applications. In the 1980s, w reless voice communi cations
becane wi dely avail able through cellular tel ephone networks. Such services
were thought at first to be for the exqlusive 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 large institutions could afford the
necessary conputers and wireline access equi pnment. As a result of the

wi despread availability of affordable new technol ogi es, 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
t el ephone |ine. TRASS®I$TAL IOF 188 A0TRY detiNavadT abl GwWsRITIE/EACTAY sol uti on
for providing | ow cost, 20 high speed access to the Internet, private
intranets, and other networks USEARTBRAT BERYESAg wirel 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 environment over a wireline network is not readily adaptable to

t he voice gra | i i st honmes or offices. For exanple,
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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 availability 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
circurnstances. 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



5 accommodati on of data transm ssions. For exanple, the data rate specified
by the Tel econmuni cation Industry Association (TIA) for 1S-95 on the
forward traffic channel is adjustable in increnents from1l.2 kbps up to 9.6
kbps for so-called Rate Set 1, and increnents from1l.8 kbps up to 14.4 kbps
for RateSet 2. On the reverse link traffic channel, however, the data rate
is fixed at 4.8 kbps. 10At best, existing wreless systens therefore
typically provide a radi o channel that can accommbdate maxi nrum data rate
transfers of 14.4 kilobits per second (kbps) over a forward Iink direction.
Such a | ow data rate channel does noi.lend itself directly to transmtting
data at rates of 28.8 or even 56.6 kbps that are now commonly avail abl e

usi ng i nexpensive wireline nodens, not to nention even higher 15 rates such
as the 128 kbps that are available with Integrated Services Digital Network
(1 SDN) type eoitdnpareoélluldoatalessdbheBetabechilte seck@\networiarere afgithlly becom ng t he
m ni mum acceptabl e rates for activities such_as browsing web. pages.
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Pag itself directly to transmitting data at rates 0f 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



5 generally is burst-oriented, with asymretrical data rate transm ssion
requirenments in a reverse and forward direction. In a 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 conputer. The server conputer then 10 responds wth the content of

t he requested web page, which nmay include anywhere from 10 kil obytes to
several negabytes of text, image, audio, or even video data. The user
thereafter may spend several seconds ,or even several mnutes reading the
content of the page before downl oadi ng anot her web page. In an office

envi ronnment, the nature of nobst enpl oyees' conputer work 15 habits is
typically to check a few web pages and then to do sonething el se for an

extended peri agn@hisddri®h whEE the 3% REGRITTE rd@EaY Inbxshateghqdatq or even
termnating use of the conputer altogether. Therefore, even though such
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In an office environment, the nature of most employees' computer work
15 habits is typically to check a few web pages and then to do something else for an
extended period of time, such as accessing locally stored data or even terminating
use of the computer altogether. Therefore, even though such users may remain
connected to the Internet or private intranet continuously during an entire day, actual
use of the high speed data link is usually quite sporadic.
20 If wireless data transfer services supporting Internet connectivity are to
coexist with wireless voice communication, it is becoming increasingly important to
optimize the use of available resources in wireless CDMA systems. Frequency re-
use and dynamic traffic chanmel allocation address some aspects of increasing the
efficiency of high performance wireless CDMA communication systems, but there is

25 still aneed for more efficient utilization of available resources.

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

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



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 i medi ately go active again at any nonent. In
either case, a wireless comunications system enpl oying the principles of
10 the present invention may inprove performnce of detecting the nmarkers
by having the field units transmt the markers at different power |evels
(e.g., 9 dB for one nmarker and 11 dB for the other marker), which can

i nprove system perfoiinance. The diference in power |evels of the markers
allows the base station to identify the request markers using alternative
criteria with a | ow probability of error, where the 15 alternative criteria
may include conparing the markers to respective energy |evel thresholds,
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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 (HB/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



will be apparent fromthe follow ng nore particular description of
preferred enbodi nents of the invention, as illustrated in the acconpanyi ng
drawings in which Iike reference characters refer to the sane parts

t hroughout the different views. The drawi ngs are not necessarily to scale,
enphasi s i nstead being placed upon 10 illustrating the principles of the

i nventi on. Fig. 1 is a schematic diagram of a conmmuni cations system
in which in an enbodi mrent of the present invention nay be deployed; Fig. 2
is a schematic diagram of a subsystem enpl oyed by a base station in t he
comuni cations systemof Fig. 1 usedsto determ ne whether a reverse link
signal 15 includes an indication for a request to change comruni cati ons
states based on an energy level in the signal; Fig. 3Ais a signal diagram
of a 1xEV-DV signal with a first marker indicating 'control hold and a
second nar ker Linieipe ultiplp sccess€qLBRY) sysengosualt 85 IH €000, and Orthogonal Fi g. 313 is a

signal diagram of a code djvi.sion i.pl e access et .of 20 code
channel s havi K5 e Rasor WilipleRe [RAm o el SR THRR Ceddf biafles™ nat the
field unit isldamesictngk @.AN)angeenployCaFbodigeitiod s pssat BSention, Fig. 3C
is a signal diagramof an alternative enbodi nent of a reverse |ink signal
havi ng the indications; and Fig. 4 is a plot of signal-to-noise

rati o versus propabErcryTiN deter beAwaet 25 may be used in determ ning
energy levels of the indications in the signals of Figs. 3A-3C. -6-

DETAI LED DESCRI PTI 4 foxegompgod qienntieoby, features and advantages of the invention
will be apparent from the following more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings in which
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 di'égram of a communications system in which in an
embodiment of the present invention may be deployed;
Fig. 2 is a schematic diagram of a subsystem employed by a base station in
the communications system of Fig. 1 used to determine whether a reverse link signal
15 includes an indication for a request to change communications states based on an
energy level in the signal;
Fig. 3A is a signal diagram of a 1xEV-DV signal with a first marker
indicating ‘control hold’ and a second marker indicating a ‘request to go active’;
Fig. 3B is a signal diagram of a code division multiple access (CDMA) set of
20  code channels having a marker in an assigned time slot that indicates that the field
unit is requesting a change in communications states;
Fig. 3C is a signal diagram of an alternative embodiment of a reverse link
signal having the indications; and
Fig. 4»is aplot.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.



A -description of preferred enbodinents of the invention follows. In a

W rel ess communi cati ons system an enbodi nent of the present invention
applies to the power that is transmtted froma handset (or the target 5
recei ved power at a base termnal station (BTS)) for a Heartbeat signal
(HB) versus a Heartbeat-w th-Request signal (HBR, BB/ RQST, or just the
"request"” signal). The HB and HB/ RQST signals nmay be transmtted on a

mai nt enance 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 CDVA

comuni cati ons system The nai ntenan%g channel is tinme 10 slotted and
different users are assigned different slots. Afield unit in that

Wi rel ess communi cati ons system sends a heartbeat signal to naintain timng
and/ or power control as well as an indication of presence to the BTS. Wen
a term nal neegsr 2 pRSSEANEITIRYEE S8R ITRkNEltannel , the term nal then
transmts at | east one request signal. The signal (s) nmay be nodul ated
messages or 15 si npl des@iptedlofirdfatedsingodinentswiithe inventign fodldws. The

requi rements for obabi.lj t f .detection _an . bhity of fal se
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detected at_a rate that s fast .enough rack the sle the timng of
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resul ting fromipam.ewith-Relile seRATABR, HEREOSTOWSst et @st”islgnbli BreCase
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above a predelREmlAgHUINKESMRL o 36916 LIl dnfhel BufdingRn 4 N pover
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t he detection . | detector to be aligned in
¥ sBﬁQMn&%SﬁeS%éﬁ@&%sﬁ% egfdjrg%}r,gn%ansél, the probability of

time to the receive
detection for the Adgliestt isthgrndteldscommuniprishe satenysendmyhedribght sippala r equest

Svent: Ther of Y EC ERATBetast Par g rrof e SLREcureA REgRg e - o O

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



-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 fal se detection. Thus, according to the principles of the present
invention, a different probability of detection and probability of false
detection for the heartbeat signal, 5 request signal, or any other signaled
nmessage can be enpl oyed. Based on the signal type, an access term nal
can transmt the signals with different powers. Various criteria can be
used by the BTS for detecting indications of a request sent on the signals.
For exanple, in tine slotted channel-8- or nmutually excl usive code channel s,
sone slots are occupi ed when a request is being made 10 versus when a
request is not being made. In such a case, either a hlgher power, presence,
or both may be used as detection criteria. is a diagram of an
exanpl e conmumPeer ingribe yeshobhat Ho@ TSsnavibe aet diffrate E@léteélﬁﬁs desbstiched above,

enpl 0yi ng an oot dRhaliol N5, BLE R obANGN §0fle rbfise Station 25 with

ant enna t ower alns Wre co nications Iinks with each 15 of a
plurality of fiel dTqusu atosord;ﬁgto t2iincipRes of thopressot invantign, afliffstadt uni ts 42) as

shown.. Such wir d si.gnnent of
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station 25 sanekqhésedighali i tusy oidr sibmddd nhesdalke &b beemplOydds typi cal |y nmade up of
several l|ogical reverse |ink channels 55 and several, #o |c§ggformard i nk

channel s 60, respeddSPddt e SFAYPS AR aHGCsS IR SRR HAISEL tem 100

supports W r ehBSRnCGRWEHNNGAbIsRAR P &WR EdBR tHeB 18 hAR:cBY) iaflidatanfiet wor k 20.
Typically, the network 20 is a Public Switched Tel ephone Network (PSTN) or

conput er  net weraequssichntas therfignplpt By grampl, iy tepgdatted ghanpelt rapevallyThe
interface 50 éﬁm@&@é@d&%&aﬂb&ﬂéagtstaﬁo@cu %@Aaﬂ%gn 2§§é1£g9m9&v' ce, such as

a portable conputer 12, sonetinmes referred to as 5 access unit, to
provi de wilfel exxs sbeesrqrat i het bpng wedk TQG)lch @omsedfberathigher nahvert,por t abl e

conputer 12 gﬁgsgoiehgfﬁb%thﬁv}{be%a&eagﬁaﬁwg? &Sed on conmuni cati ons over a

conbi nati on ess data |inks. In a
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preferably  station 25 with antenna tower 23 maintains wireless communications links with each
15 of aplurality of field units 42a, 42b, 42c¢ (collectively, field units 42) as shown.
Such wireless links are established based upon assignment of resources on a forward
link 70 and a reverse link 65 between the base station 25 and field units 42. Each
link 65 or 70 is typically made up of several logical reverse link 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, in;cemet, 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;e Division

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



-8- defined by encoding and transmtting data over the channel with an
augnent ed pseudo random noi se (PN) code sequence. The PN coded data is then
nodul ated onto a radio frequency carrier. This enables a receiver to

deci pher one CDVA channel from another know ng only the particul ar
augnented PN code assigned for a 5 given channel. In accordance with an
enbodi nent, each channel nmay occupy a 1.25 MEZ band consistent wth the

| S-95 CDMA standard and 1xEV-DV standard and is capable of transmtting at
38.4 kbps. A forward link 70 includes at |east four |ogical forward |ink
channel s 60. As shown, this includesga Pilot Channel 60PL, Link Quality
Managenent (LQV) 10 channel 60L, pagi ng channel 60PG and nultiple traffic
channel s 60T. A reverse link 65 includes at |east five |ogical reverse |ink
channel s 55. As shown, this includes a heartbeat standby channel 55HS,
hear t beat requesitd Bcdncydncdnd nmedmibinpiRAz oae the simnadi aritheh abdwfengsdd nul ti pl e

traffic channel s, 55T. Cenerally, the rever li,nk, channel s .85 are sim/l ar
Lot ho f or anr BT R doRETE B e seatsars e N ps e s RO aa e L P ar T o
channel 60T cao &HHARMTFdquaRY aidre THidk@bleab eBecifdr@iechhé HDPHMA a maxi num of

160 kbps. Data transmtted between the base station 25 and field unit 42a
typi cal |y condiegtel 5pm@peibd aovgng Pilsfhe prtiegrsrarsprteddittydasssigayl 9hge dat a.

Based on tRe given Akln@C 3k bQBradfce Wihlah BhGodihh feh HRARNELSo b L1 5 ever se
link 65 or forward Iink 70, 20 higher data transfer rates can be achieved

in a parti cul MHZ|bapkedyestaeevithtthrelSHASOM b stendord 28 15RY-DV ebdlagdrnd iy 2a.

However, si ncgapmlg &im%s%ﬁ{tf.nglaﬁslﬂ"lib&:?. 42 conpete for bandwi dth allocation, a
field unit 42a"nmay have to-walt until resources are free to be assigned

traffic channel s tAofotwaadhBuki 10 iaclaizs at lpat/fomdokical forward link channels 60. As
shown, this includes a Pilot Channel 60PL, Link Quality Management (LQM)
10 channel 60L, paging channel 60PG, and multiple 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 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
amaximum of 160 kbps.

Data transmitted between the base station 25 and field unit 42a typically
consist of encoded digital information, such as web page data. Based on the
allocation of multiple traffic channels in the reverse link 65 or forward link 70,

20  higher data transfer rates can be achieved in a particular link between the base
station 25 and field unit 42a. However, since multiple field units 42 compete for
bandwidth allocation, a field unit 42a may have to wait until resources are free to be
assigned traffic channels to transmit a data payload.

Before discussing an example detector system (Fig. 2) that can be used to

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

InFig. 3A, a IxBV-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. Inthe ‘control hold’ state 165, the signal 160

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



Bef ore di scussing an exanpl e detector system (Fig. 2) that can be used to
25 distinguish a heartbeat froma heartbeat-w th-request signal, a brief
di scussi on 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-
remains 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 indication that the field unit is requesting to
transmt data on a traffic channel over a reverse link to the BTS 25. In
the traffic strangnsingn ‘iﬂlreacbrf‘i:@trdhméi’is@tetwls;d:sinﬁimt@dhajgvhetﬂtéd rited2eis5 unit to

the BTS. Foll . } SSI a .reverse |ink,
t he signal 81\64?%3% {@Tﬁag% C%targﬁ% hé qg}n%rol ‘% Etgtteg?@{s'f%gl%%cg owi ng a
transm ssi on afiat &ne' fﬂhitxmitﬁsrmqlsaaﬁrgs«) omsmgaph et e'traﬁb abanglnotr asbaym) .

Si gnal “may be RAR TP ohat SRR YR TP O P RSOAl o

non- or t hogonahmit & GOBES. mtoo/mglﬁauaiubsyonexwetmafﬂé@aﬂma&nﬁé ﬁversEerﬂ(ebK@rTm e, the
‘control hold'  state 165 may be transm tted aon a different, channel fromthe

'request to g@g&‘ﬂtlp@?ve@tbé%m heo congoholdy gty 16¢ falowingprtiapsystiol eansmi t t ed

inatraffic S&a@att?anéhﬁésﬁ@%n%t@@taé(ﬁ& ?]e channel fromthe other two
states 165, 170. An exanple nmul ti pl e channel is discussed in reference

to Figs. 3B and 3CAIthoggh élOWBBS%IHéﬁSlé@@éh@L@S@FIMéW updargeadehatdisde di vi si on
mul tiple acce @M%)] slots for
users 1, 2, ’§1§na(l be lugieeg%?l%]lé ’B?u&liagﬂ%o?ﬁﬂ \Rﬁ%ﬁ‘/}ﬁg&ggoc ot %ﬁg %59 b, and so
forth. Thellheaieelnty lauiealblmaswh@ﬂnebhéorfmannlh@m cotimhimed’ sBE&1D5 request

channel 55R, traffi.c.ch ach of these channel s..has an
associ at ed 00%2}(;1 (ki ) %&ltg&n g%ﬁt% eﬁ\figr\]ﬂﬁll% h]lfzIlr(':a)‘i]/bmpﬁ0 Rufdvy 3%56 17@
transm tted ofinatiyahd tyaffxddtarsinvaittedile tefrnnel 195 nﬁ@lbhoﬁ hepthagnsm tting and

codes 10 SepaBYE FRB SN RA T ISSRBCAT PErPs ReTGE e B n in 8
typical CDVA @iesagel in efrehbeio S3ame #asbown, users 1, 2, 4, 5, 6, ..., Nare
requesti nqS tore naFllcn 31|3 r1]s a%nexample 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 chanmel 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 charmel 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 amore 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



idle state, indicated by the presence of a signal 180 in the heartbeat
channel 5511. 25 User 3, however, is requesting to transmt 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 transmt traffic
data 190 in an associated traffic channel using code C5. Fig. 3C
is a nore detailed signal diagramof 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 -10- unit 42a. In this enbodinent, the | x. EV-DV signal is
conposed of nultiple signals ' on different |ogical channels: a heartbeat
channel 55H and a request channel 55R The heartbeat channel 5511 provides
continuous timng and other information (e.g., power |evel,

synchroni zation, etc.) fromthe field unit 42a to the base station 25. 5
The field uni {nd28 Usess dhRIMRAYES U xENANNEaDd B sedfendiglegaest (e. g.,
digital "1") of the base station 25 to request a traffic channel on the

reverse |ink ‘68dfisrent ogindishannelpige rateeat channel S38eamd prergot PN PerRods 195a,
195b, ..., 19 \?\}}I? %%R%%@%M& b ¥y %%51):16&%9@&@&15 ti?ﬁﬁn@%rd%%r inRdine@dqe ki Mes or

interval s at e BIS 25 sanples the time slots of the 10 request
si gnal 55R andowesviebsaichrynization, draddranbdafield haihdvalto 88 basesitiole2®er mi ne whet her

a request for r.af f.i ¢, channel i i It . yunder st ood t hat
t he sanpliﬁg %§§ﬁ%§3%# 5&@?Q@H%m%%f?%%agﬁgg%gﬂgﬁfgig%%%gﬁggFEtﬁireof. Al so,
t he heart beat otthabusektalidmllb tarsdueseuest chelrehorathe eb&sailsd onfbrual | y excl usi ve

codes, in thiﬁgfarticylar enbodi nent, so the sanpling is perfornmed on their
mutual Iy excl G¥PFPE 5% de channel s 55H, 55R in all or a subset of tinme

slots. In one par tSagipliag teeBeBUNERE, 1950)6., bess Gcolbdtivblonos) Gemadidyes nut ual |y
excl usi ve code channel s . 55H,  55R in t] sl ot s desi gnated for request
i ndi cations, TR BECAGH RS RE Hst gﬁmgeﬁwﬁi“%@ s %ngga@wlofig%@? and 195f .
During thege feinst %&T@t SR aalh,?oph&@am%bﬁ‘@km%mnﬁhelﬁmo bSemiiARkdnLe, " but the
request channel 55R is "active". 20As discussed above, the signals in the
"active" requesguesiivea 5if§e ehoppg) isheinguig. dt dauldbe yrlgeodihatihepl y coded pi |l ot
signals with ng.ibits” . i | gl he
respective ener8;8*%%€r§$2%a?ﬁ%§%§§%%%§g?P%%ﬁﬁﬁggéggégghﬁ?ﬁ@%gﬁﬁest signal s
i n respecti vecheinekS 8 odgeques chamng) SR nsetryteally axodusivalcodss, is thanni ng sever a
time intervals,,. one particul ar enbodi nent , the 'control hold state 165
25 indicatioﬁmﬁgéﬂﬂﬁ$?¥€ ﬂ%ﬁ%?ﬁ§“ﬁ§$ p}wgﬁHmQﬁ%ﬁwgggquX@ggmﬁg active
state 170 1hasode draeiich SENEST alley ebubsdt Bf firthd Sotpalh bhEptrtddilaenbodi nent ,
di stinguishing.the t t at es y be a matier of neasyring energy |evels of
t he signal s( ??%baﬁwe{lﬁv’ﬂ@e%%ﬁ&??fﬁ% S@H@%’ﬁ%‘?"ﬂb’ eF‘Q\%%‘fes"o eg‘g‘?’iﬁ?s%ﬁ’l east one
threshol d or s6Rii) tifetBlsRbsidnR@d thadquest MBRMRSS, sheh PIAHR Wots ARELABR! | Y

times 195b, 1954, and 195f. During these time slots, the heartbeat channel 55H is

“Inactive,” but the request channel 55R is “active”.

20 As discussed above, the signals in the “active” request time slots may be
modulated messages or simply coded pilot signals with no “bits”. Thus, detection
may be based solely on the respective energy levels of the heartbeat and heartbeat-
with-request signals in respective time slots over a given time interval or spanning
several time intervals. In one particular embodiment, the ‘control hold’ state 165

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

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

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



30 in a nutually exclusive code channel in tinme slots when the heart beat
signal is at a logical zero. The different energy |levels of the

i ndi cations may be provided by the duty cycle of the signals, frequency of
the signals, power of the signals, signaling structure, and so forth. To
under stand how the energy |l evels of the signals can be used to inprove 5
system perfornmance, one can refer to Fig. 4, which provides a chart for

sel ecting signaling requirenents based on the foll owi ng paraneters or
factors: (i) probability of detection, P(d)(x-axis), (ii) signal-to-noise
ratio in decibels (y-axis), and (iiip;_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 fal se-alarm

probabi lity P(dgibhl Aso. aTHeArfanEt &lergytavkic of it Rdichtns manbaprolided Byahd ng si gnal .
It should be understood that alternative paraneters qr factors nmay be used
to establish GFYGEHs ofdhe HEnats, Beasrcy pide HEREr PAVSEY & the YEna{shisiales cati ons. At

the circled poiRty<QR sdMBgnSi gnal -to-noise ratio is 3 dB, P(d) = 20% and
15 P(fd) = 1% To increase the probability of detection for the sane
probability of falbeurdesieed hanthe erveeydevelsioythn sgepss qap be piedéo 1HBOYEi r cl ed poi nt

200 upward 21 QG N AARE. BAPAADIAS YieOf whith B 8L £GLHAR SEEE, Whi ch
suggests that "an i'ncrease’in the signadl-to-ndise ratio 1I's used to inprove
syst em per f or samdieg squirdiens bajedpn teifvllywitgeatankietsion fotbrs Haprdbhglifyequest

signal wll be tect ui ckl.y. . 20Bef ore pr.ovi di ng_an. exanpl.e nodel and

di scussi on re&%gg?%ﬁhgg%gﬁ¥%kpéﬁl %S%ng?g(Hgfag%ﬁ%ygﬁﬁfﬁ%g@pbeat Request
Active 55HRA giakdbility biefiet Setdction, PIFE) (Exadtph te cCloamiyUThic éatt@hevssy st em 100 (Fi g.
1), a brief discussion of a Ptocessor and. ethtor thq%$nag be used in the
systemis nowBHES@aY-torpige tabo pidhejnuit fRoRiaels ot afinerirs st dded e gtk st

det ecti on 1or oge&&ALS ArbOatHRE 6f detcddn B16d SHM fiGe WieL thefalskBrhi el d unit 42a has
requested to send _data to the BTS 25. The receiver, RX 35 receives signals

55, whi ch i ncPeRf@dity éED pap peanerceiwlsed faa ngs Ructyatipg sippal chshyllbs 55T,
access channelyio2fnd MeEitREAe plABERY: ﬁ%ﬁ@@a&béééggm apflibeabAgat request

active channel 55BRA. The revérse |ink channels are processed such that
a heartbeat chafisneiutisd peegdeels pthe indiselionss t he heartbeat standby

At the circled point 200, the signal-to-noise ratio is 3 dB, P(d) = 20%, and
15 P(fd) = 1%. To increase the probability of detection for the same probability of false
detection, one simply needs to slide the circled point 200 upward along the same
probability of false detection curve, which suggests that an increase in the signal-to-
noise ratio is used to improve system performance and, thus, improving the
likelihood that the request signal will be detected quickly.

20 Before prox}iding an example model and discussion regardin_g example
Heartbeat standby 55HS and Heartbeat Request Active 55HRA 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 422 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



-12- channel 55HS and a request channel processor 114 receives the

Heart beat Request Active channel 55HRA. The heartbeat channel processor 112
and request channel processor 114 include the same processing el enents, in
this particular enbodinment, so a discussion 5 of just the heartbeat channel
processor 112 will be provided for brevity. 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, Qand its phase
causes the 10 phase of the signal to be renoved and output the power of the
signal. Followi ng the correlator 115, a rectifier 130 (i.e., absolute val ue
of the signal squared) rectifies the power of the signal, which is then

i ntegrated by chanselG6HSE ahdb eguat drnikBiodessoc Al4audehitee the MeadvetRpgquat t he

recei ved heartb at Si. % he second integrator 135 provi des non-coherent
conbi nati on of‘SL %ﬂg |ch is calculated 15 over short tine

intervals. The nonfm{é@mattohmmblqgéca&sbpnznﬁ@reqd@smmupm@wrtlw:ies if the
termnal is mpving too fast, .thus causing a, cross-over of the 180-degree
phase poi nt, 1IE R he ApmE BrQesssing R meanisy ndas pastiular emRe PRy SPREISSHEIEY of t he

signal in tﬁeoﬁ &@w&m@@eaﬁéﬁ%ﬂ@g&o&@aﬁm%w@ﬁmﬂe&foeerewghe output fromthe
hear t beat channeléﬁﬁpcessor is a heartbeat ener 20 level, and the

output from the rethsdserthepehamar! prceresidgreciys t?l%h@&ﬂ %ﬁ@@bymﬁy | evel .
Each of th fed t
R oy A

hypot hesi s detector her si gnal ,
request S|gnaﬂmwmﬂ5ﬁ5$thennam@na25mg&ﬂnoumaEMQM@néawMMﬁbmﬂhahm3MB 55

received by t ase. statlon det erm ne naI i s/are
bresent. the ByeOERELT bl FoientS ot SRR a0 PR iR peSne ®ror
exanpl e, i tjshaSeqsfaJnetsngmltarbe&lmwammq;utttﬂi@pdmpoﬁthceﬁmldet ector 140

(o heartbeat SALPEPErEyery o SaOR oL O Seba® SHEr T 8l ¢ hr eshol d
agai nst the seQebd reHBEdMe bE¥Rbf th sifhal, WheH ehibn REREY b&@‘!&bﬂd
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. 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 energy level threshold is 11 dB. The energy level



An exanpl e energy level threshold to conpare the heartbeat energy |evel 30
against is 9 dB and the request energy level threshold is 11 dB. The energy
| evel -13- thresholds nay be dynami cally sel ected, predeterm ned, or
applied in anot her manner, such as based on a transmtted power |evel,

whi ch may be reported by the field unit to the base station over the

heart beat channel 55H, for instance. In the case of the energy |evel

cal cul ati on and conparison, the first and second energy |levels 5 may be
dependent on occupancy of tinme slots in the signaling channel (s) used by
the signal 55, so the energy |level thyesholds can be based on an expected
or specified nunber of "1" bits used to indicate a 'request to go active
or to indicate a request to remain in idle node. The output of the

hypot hesi s detector 140 nay be used to change the state of 10 the

conmuni cat i ONgnr8dae May 5OIynENRAMB) Rlectbd, plh&ecyRA HoppRadeiRHOr 140
determ nes that a 'request to go active' (i.e., send a data transm ssion on

the reverse | PHRYer] Sclhesibagpdion d&apynitieorpiepl. wioh maythe rerptied Wyipot hesis
detector out pus g9 %Q@ﬁsetstﬁticﬁl REOS éﬁﬁea&dﬁ%&neﬁﬁ%‘%ﬂi&tak@e@ BhRege) that is
e conputer 12 with at

responsi bl e for providing the porta rarfic channel
55T. In one enbbderregiticvel bracuBTith 26 campoat, g 18 anheecondahigy levbiannel 55T i f
t he det ect level of the si.gnal, .ls determ ned to be ove the
second eneﬁgy%ﬁgég%*F%%QEnéF%?mﬁvfég%%#ﬁée‘5?“%%%@%§ﬁ??§ﬁﬁ6€8 égx%he traffic
channel 55T i tighdié5,hy petchesy Bve drehblas cal 40baded @r an apstddhatpetified det ect ed

he secand ener evel thresh described in

energy |l evel is bel ow, ( ner I old. As
reference to BT §%VY E)H%usﬁ P Hetg 2 é%ﬁ?fﬁ@lgoﬁ?ta’ée%réﬁfndﬁtﬁ,ar%‘eﬁté‘quest
channel processamidlfle mamel hypot hesis detector 140 may be configured or
designed in a manner that nonitors, an occggancg of tinme slots used to

"o A8y 8%

i ndicate the rgqué@?OF@uﬁﬁémﬂ@P@@ﬁﬁﬂﬁ?%%ﬂ weel chergedhistanfodi ment
the det ectyignGink B&hMAGSIRNLOR! D& %ﬁﬁig@@@%ﬁm@@%@é@ky1%&&%}4@ code

channel s, such as shown in"Figs. 3B an

that a ‘request to go active’ (i.e., send a data transmission 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
computer 12 with a traffic channel 55T. In one embodiment, the BTS 25 allocates

15 thetraffic 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
charmel 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
chamnel 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



25A feedback | oop (not shown) may be enployed to cause the heart beat

channel processor 112 and request channel processor 114 to be "adaptive".

" For exanpl e, based on the received energy |evel of the heartbeat channel
55H, the integration tine of the integrators 125, 135 nay be adjusted, and
t he energy |evel t hreshol ds used by the hypothesis detector 140 for
conpari son of the energy levels 30 of the heartbeat and request signals my
al so be adjusted by the feedback | oop. Such -14- a feedback |oop nmay use a
command or nessage to transfer information between the BTS and field unit
that includes information regardi ng-i¥he power |evels of the heartbeat or
heart beat-w t h-request signals transmtted by the field unit. As discussed
above, the first communications state may be a standby 5 comruni cati ons
state and the second conmuni cations state may be a payl oad comruni cati ons
state. | n ot hafeedipsk bap msy uwpeamiiad SApRSsAgy OtepRs ertlﬂgnﬁ%’r‘ﬁ%ﬁ fivedtthons states

may refer to ghbels COMMIGEAL QRSHAIANRA e ANE] Apdhef BAPSImL O change base

stations, power control signaling, and so for he use of different
energy | evel shdarfossi grmhnthtgt -wih-tpeerst sigreld trhrsmitied by shedisi unétabl e t o wirel ess,

wired, or 10 optic dlsoﬁ,sawgologg tthegﬂ& S¥REE B ond s%téahg)b&r a drdhl @lat the

comuni cati ons states I'n volce or data conmuni i ons systens.
As al so di $cussetinidatse statdmdﬂa(smddmn@gcahmetatenwbbepbﬂsﬁd on a target

probability of detection detection, .or conbi ion of both as
di scussed in FEFEPERERS S@teF?‘bOtg% SYSIS Y R RESFYGE Syst ield unit may

transmt the §REuesdatiGsgRtk nAY reer 1OotBér ¢EAMMOYRIOnd #a&| suok asa @iesin nunber  of

pul ses per given time period to achieve a corre ndj ng si.gnal -t o-noi se
ratio for a giovase B%S@ét@u%sdl?&’ﬁi Pl sigpaligaad £ g’ﬁg !éef & El‘gff@@’[‘l on, or both

as di scussed dnBrgh &HBIE GG aliSy dsidbscrifled herein is applicable to wireless, wired, or
10  optical communications systems. In either case, the communications states may be
used in voice or data communications systems.

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

15  given power level or a given number of pulses per given time period to achieve a
corresponding signal-to-noise ratio for a given target probability of detection, false
detection, or both as discussed in reference to Fig. 4.

An analysis may be used to set the transmission power or number of

transmitted indications, or a feedback mechanism may be employed in the

20 communications system for causiné the field unit to change its behavior so as to
have the received energy levels of the indications achieve a predetermined signal-to-
noise ratio, thus providing the desired probability of detection and false detection

parameters.

SIMULATION:
25 A simulation is now presented that discusses the trades effecting the
probabilities of detection and false detection for the heartbeat (HB) and heartbeat-
with-request (HB/RQST) channels. Recommended SNR targets for HB and

HB/RQST channels are provided. Further, an analytical calculation is made to



An anal ysis may be used to set the transm ssion power or nunber of
transmtted indications, or a feedback nmechani sm may be enpl oyed in the 20
comuni cations systemfor causing the field unit to change its behavior so
as to have the received energy levels of the indications achieve a
predeterm ned signal-to- noise ratio, thus providing the desired
probability of detection and fal se detection paraneters. SIMJLATION. 25A
simulation is now presented that discusses the trades effecting the
probabilities of detection and fal se detection for the heartbeat (KB) and
heartbeatw t h-request (1-33/RQST) channels. Recommended SNR targets for KB
and KB/ RQST channel s are provided. Further, an analytical calculationis
made to -15- determ ne a recommended target E/lo for an acceptable
probability of detection and probability of false detection. To all ow

readers to basg@brhne atrb@nSididdairk@m/b &rah hateptitde prSbadUPofiRwetion andcont r ol ,
the reader shoul d be aware that the sinulation enploys the followng 5
par amet ers: SPOPPIEY o5lge fEGHbower control ; SNR of the i'th user is

cal cul ated as SNR(to)iFoR(bakiers tFHabMiigs fe kigNGBon reREOSRISROW faaleh + Er, where
P_interference(i) is a total received interference for the i th user and

cal cul at ed ascaRirplntie rfederahendd hejawareghyt §iy sivpfation employs thefollewmgj ) / 20) +10
A(PTH 20) ) MQ% (WBL0) IS t he power received fromthe i'th user and Pl is
thermal noise floor and is arbitrarily set to 120 dBm

800Hz closed loop power control;

SNR of the 1th user is calculated as SNR(i)= P(i) - P_interference -+
processing Gain + Er, where P_interference(i) is a total received interference
for the i‘th user and calculated as P_interference(i) =20*log 10(10)"%;,;
10 (10"P(G)/20)+10"(P1y/20)), where P(i) is the power received from the i°th
user and P, is thermal noise floor and is arbitrarily set to 120 dBm;
processing gain is 10log64;
fading model is Jakes;
Er = a Normal distributed random variable with 1 sigma= 0.67 dB
15 error in SNR estimation at the BTS; and
power control bit (PCB) errors = 3%.

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

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

Increasing the probability of detection to 99% yields significantly higher
false detection rate of 1% in AWGN, This false detection rate is of interest as it
should be low enough that non-détection will 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/lo, a 90% detection probability and a 1% false detection



processing gain is 10l1og64; fading nodel is Jakes; Er = a
Normal distributed randomvariable with 1 signa = 0.67 dB 15error in SNR
estimation at the BTS; and power control bit (PCB) errors = 3% In
this particular sinulation, a choice of a target SNR for the BB channel was
chosen first. Based on a 9 dB Edo, where Eis the entire energy in the
heart beat nmessage and a 95% probability of detection with a 0.1% fal se
detection rate in 20 Additive Wite Gaussian Noise (AWG is achieved (see
Viterbi, A, CDMA: Principles of Spread Spectrum Comruni cati on, Addi son
Wesl ey, 1995, pl13.) I ncreasi-ngg the probability of detection to 99%
yields significantly higher false detection rate of 1% in AWGN. This fal se
detection rate is of interest as it should be | ow enough that non-detection
will occur for arelatively long duration 25 when the term nal has dropped
t he communi catte Grpsedidtedldbyheoty. theethisasss, he detdilsassodigipd with e defettéondur ation i s

defined by a ti ., hayi .a duration of 500 0 C 25 to 100
sequential n rrlo-bnglgﬂé/é? }113 E%1n$8¥1r?n¥3traéen%ogflgﬁrér?igtﬂlsei fgﬁ%q%gm%ég%lssfl%ldi ng
envi ronment w t h Detdhickadthe 8ciD84t ciglia aith SMHp pobalbbitid yerandiehl uhdh f al se

detection -16- rate is predicted by theqry. For.  this case, .the details
associ at ed ywvf’lﬁc%mén%fcélélld?r(%ﬂ 6555%?%0}1»3333&%/%4 OPﬁéu# rﬁzﬁrﬁ%?%gﬁ\)‘fl? ment are
consi der eds i MyddiRadd@k lverintde Sich Eri8 Sk PFwer control (POSELLH 150z @hd fthaibhear t beat
signal with 50 Hz power control versus field unit velocity is now

consi der ed. ToRIng}s e tieq itef. S0pA%EHPIRE-a ful | rate nodel in which
While the speed of the terminal is irrelevant above about 2 mph, closed-loop

power control is seen as useful in allowing the fading to vary around the mean path
loss. It is noted that the results are relatively insensitive to a Power Control Bit

10 (PCB) error 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 equa’gion 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(HB)) * PfA(HB) @)

=5% *0.1% = SE-5,

where Pfd is the probability of false detection and Pd is the probability of detection.



5 nodifications were nmade such that the power control (PC) rate is 50 Hz
and standby termnals are tinme slotted, non-overl apping. Wil e the
speed of the termnal is irrelevant above about 2 nph, closed-|oop power
control is seen as useful in allowng 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 performed poorly, denonstrating that some form of closed-1oop
control is needed to maintain the nean path loss. It is therefore useful
that sone form of closed-1oop power_jeontrol be perfornmed 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 ation
usi ng the above paraneters shows that if the base station detects the
'request to go actlih¥eboveBEliaGah krditesdlt B feluomss tiheconditiges (GNR (as defi ned

above), then the average tine of detection is t.16 ns, with standard
devi ation at &f5HES @ﬂe’i‘%ﬁ‘?mFPBﬁ_"rH?H@ﬂEitﬁiﬂr‘ﬁm&ﬁﬂi gﬁ%ﬁ@lﬁ%\?@% ﬁ}%)w | atency in
HB/ RQST det eC & is %JSN%I %At.l @lgsg% &g&@%ﬁ%ﬁ@%&@%@a@@b@umw: 20Tar get

+

SNR( RQST) = Target _ (I§|) (1) ~ Based on the required
det ect i ng/ f al aaswisedpewe forrE/BOST fermadig is gotiaglyied SRRenstyss. dB for t he

Hear t beat gessage andiell ABsf o 0%0l1Ra1Idiake bEaAEShe LidaB) ROST)

nmessage were chos Se parameters yie etection Tatency on
average at 2Ousapverwi4Dfisdcomison etradge] FenyN lskrtheat usersdbe probabdity is28¢an t er ns  of
fal se assi gnnent .probabilit i l.e the fal t I e i s not
explicitly caltf teg?fl%ﬁ we fnﬁéjegwﬁhl@te%edjﬁf’ anr azf‘glsvg?ar%g és:%t%n@g%g%%d is given as
fol l ows: Pfd(8Q8IJonof08 for aBekiciB)r)bade sRhicd, BB)ay dpgefaloassi@ni &t mibik- 5, where Pfd
is the probability of false detection and Pd is the probability of
detection. -Sfpectedtobero WSVEY EJLEETBR and result is a product of two

conditionsy (i) natcod@HRCaTaIsE REc@XdnSERME Becferad Hdd Mhtibedy bficklpasPr esent  and
(ii) falsely detecting a KB when 1t is not present. This is a pessimstic

bound si nce’ tihfalspiemsisraaicanbeistesied gHielhs ni ke sotResraf OMBISREST ver sus KB
i's not includgghifidhs Taﬁ%y;ﬁ&@& ¥§:‘se%t 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 PIA(RQST) = 5E-3%. This should be detected within one
70717' two frames before thé channel can be re-assigned to a legitimate user. Ifitis
assumed that detection takes two frames, the reverse capacity would be reduced by
no more than 1% and is likely less as the probability of false detection for the
20 HB/RQST is targeted at 11 dB E/lo.
For a signal with no offset between the Target SNR and the detection

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

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

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

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

signal.

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

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

30 75ms 99% of the time.



5At a HB rate of 50 Hz, this would yield a fal se assignment for one standby
user every 400 seconds on average. For N heartbeat users, the probability
is linear since the events are independent. Therefore, for a fully | oaded
standby user population of 96 for a particul ar base station, the average
fal se assignnment rate is expected to be roughly one every four seconds. 10A
condition of a false assignnent can be recovered fromrelatively quickly as
the fal se assignment can be detected quickly. Wen a fal se assignnent
occurs, three conditions are typically present. First, no traffic shows up
on the assigned reverse channel. Seggnd, the heartbeat- wth-request signal
is not present. If a m ssed channel assignnent has occurred, the 1-1B/ RQST
continues to be present. Third, the 15 heartbeat nessage will |ikely be
present. The probability of not detecting this condition in one frane is

Pf d(RQST) = 5E- 3%ThERinsulsieaulsd sHoers dat #e hdlitioniof BidR obailitenalttosdit ames bef ore
t he channel can b edtoale Nt is.assunmed that
det ection takB¥'¥ ﬂ?er}gg@%t%tnﬁésaﬁ%@&rfe?gs t@%ﬁ%ﬁ?’%’ﬁ% IWH@IP%W(?S% by no
nore than 1% aagtibSial dligﬂtbysﬂnﬁ&sa@ﬁgéh@l@ﬁﬁb@bfﬂhbwo@ma@dt@e detection for
the 20 HB/RQST is targeted at 11 dB E/lq. signal with no offset
bet ween t he THf&INS aé‘HHWW@@P@E@P%@WF@@ﬁWG?}m%55%?%%71 Bo detection
is 35 ms on tf@om&ﬁaﬁﬂfaﬁm@lgﬁm*ﬁ&ﬁmﬂé@ltarfmﬁaaﬂép F@TCH ?@%@o%bscrl ber
unit noving at 1 . For the heartbeat-w threquest (BB/ RQST)
signal, the a&@m@g@e@ie&a&ﬂqwo}d@twlﬁbﬁﬁcﬁm ess than 20ms, with a 25

det ecti on t hreshol f This is possible
since the transm tv%% %ngmg%edragllhgvﬁe% re?fgfe ﬁ%)howgagg?sé‘gbe?ﬁghBB/ RQST rel ative
to the BB si gafatences to preferredémgboglinnnisalicraf 11sahﬂ\hs utdeestooti g thosendkiitierh aver age,

gi ven 96 users wer .c r %Hé: ri e to loms The
del 2y 15 expebdisdiyt suihe PRlR i il criaichabBE PR el s

The simul ati alpalisofrahgisscdpbat the hﬁelﬁidd'bﬁcbmpas@a‘d@tl@ﬁppénd&ﬁdmtds.onal t ransmit
power for the HB/ RQST nessage increases the detection probability and
reduces the detection latency to 15nms on average. An estimate of the
co-channel total interference of a fully | oaded mai nt enance channel is
between 6 dB |l ess than an | S-



5 2000 fundanental channel (9600 bps Reverse Traffic Channel (R TCH), 9600
bps Reverse Dedicated Control Channel (R-DCCH)). Wile this invention has
been particularly shown and described with references to preferred

enbodi ments thereof, it will be understood by those skilled in the art that
various changes in formand details may be nade therein w thout 10
departing fromthe scope of the i nventlPon enconpassed by the appended
claims. - 19 - CLAIMS What is clainmed is: 1. A code division multiple
access (CDWVA) user device conprising: an antenna; a controller
configured to control a CDVA transc&hv?&giuch that a connection with a
network i s established; and -\ troller further configured to
control the CDVA transceiver to transmt a signal of a first type fromthe
CDVA ud¥hatdisvdlainaslisr a reverse link to indicate the presence of the CDVA
user device, and transmt at |east one signal of a second type in a
subfranme fromthe CDVA user device over the reverse link requesting that a

base station. resgrigedivisRAShuPRsler REESE MM dsealibl e cBAARngt he reverse
link traffic channel includes a plurality of channels that "are divided in

time by radapabtemss, wherein the radio frames are subdivided in subfranes.
2. The CDVA use ﬁevice accordi ng .t c¢ ' wherein th transcei ver
i's configur%&ol{l{}'O FRGeEUY é“%‘%ﬁﬂﬁeb f?ﬁ%%F??§P“F§§%W§n al FeCapneCtglt one
si gnal wefh & hetweLORGbNPEsIRld; dhllf erent power |evels. 3. The CDMA
user device according to claim1l wherein the subfranes include at |east one
time sl|ot. the controller further configured to control the CDMA transceiver to transmit

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

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

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

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

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

wherein the radio frames are subdivided in subframes.

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

signal of the second type at different power levels.

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

include at least one time slot.

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

occupies a 1.25 MHz band.

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

maintenance channel in the reverse link.



4. The CDVA user device according to claim1l wherein each channel occupies
a 1.25 MHz band. 5. The CDMA user device according to claiml
wherein the signal of the first type indicating the presence of the CDVA
user device is transmtted over a maintenance channel in the reverse |ink.
- 20 - 6. The CDMA user device according to claim5 wherein the
signal of the first type naintains tr@@ng bet ween the CDMVA user device and
t he base station. 7. The CDMA user device according to claimb
wherein the signal of the first type nmaintains power control between the
CDVA user device and the base station. 8. The CDMA user device
according to claim1l wherein an energy level of the at |east one signal of
the second type requesting at | east one reverse link traffic channel is
conpar ed wi 6h a pheded¥musen demegaﬁcwdnee fiolcthim 5 whereiQ th¥ségrGIMA thser
devi ce o 0. cl.al im8 ere ever e link.t afflc hannel
suppor ?S |§Bg%&%gF 1?%?%? ‘V%ﬂﬁ 8§@%élF8r BYcRBpd. b ebases‘a Y- The
CDVA user deV|ce according to claim1 wherein the CDVA transceiver is

configured to operate over a plurality of allocatable radio frequency
channels. 7. The CDMA user device according to claim 5 wherein the signal of the

first type maintains power control between the CDMA user device and the base

station.

8. The CDMA user device according to claim 1 wherein an energy level of the
at least one signal of the second type requesting at least one reverse link traffic

channel is compared with a predetermined energy threshold.

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

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

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

channels.



