-1 - MUILTI - DETECTI ON OF HEARTBEAT TO REDUCE ERROR PROBABI LI TY BACKGROUND OF
THE | NVENTI ON | ncreasi ng use of wireless tel ephones and personal conputers
has led to a corresponding increase in denmand for advanced

t el econmuni cation services that 5 were once thought practical only for

speci alized applications. In the 1980s, wireless voice conmunications
becane wi dely avail able through cellular 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 al so true for

access to renotely distributed conputer networks, whereby until very
recently, only 10 busi ness people and large institutions could afford the
necessary conputers and 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
networ ks such as the Internet and private intranets, but also wrel ess
access as well. 15 Wreless technology is particularly useful to users of
portabl e conputers, |aptop conputers, hand-held personal digital assistants
and the |like who prefer access to such networks wthout being tethered to a
tel ephone line. There still is no wdely avail able satisfactory solution for
provi di ng | ow CESILTI-DETBOTISOPERIHBAREREAT TO RABUCPERRORIPROBABIBITY i nt r anet s,
and ot her networks using the 20 existing wireless infrastructure. This is
nost likely an artifact of several unfortunate circunstances. First, the
typi cal manner of providing high speed data service in the business
environnment over a wireline network is not readily adaptable to the voice
grade service available in nost homes or offices. For exanple, such standard
hi gh speed daggcggﬁxhﬁgfogqugﬁvgﬁﬁggsar|Iy | end thensel ves to efficient
transm ssion over -2- standard cellular wreless handsets because w rel ess
net wor ks were ori gilprasasips ugeSvigriese telspliopestand paresd] demmugirekas dedite ces. As a
result, present, lay,ghd anr@iserreﬂ%rﬁSf&ad%ﬁ%@%eﬁﬁﬁhﬂ%o§¥eﬁima@re optim zed

for voice transm ssions oug certaln
5 wereonce thought practical only for specialized applications, In the 1980s, wireless

voice communications became widely available through cellular telephone
networks. Such services were thought at first to be for the exclusive province of
businessmen because of expected high subscriber costs. The same was also true for
access to remotely distributed computer networks, whereby until very recently, only
10 business people and large institutions could afford the necessary computers and
wireline access equipment.

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

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

There still is no widely available satisfactory solution for providing low cost,
high speed access to the Intemet, private intranets, and other networks using the

20 existing wireless infrastructure. This is most likely an artifact of several unfortunate
circumstances. First, the typical manner of providing high speed data service in the
business environment over a wireline network is not readily adaptable to the voice
grade service available in most homes or offices. For example, such standard high

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



schenmes such as CDVA do provide sone neasure of asymmetrical behavior for
the 5 accommpdati on of data transm ssions. For exanple, the data rate
specified by the Telecomunication Industry Association (TIA) for IS 95 on
the forward traffic channel is adjustable in increments from1.2 kbps up to
9.6 kbps for so-called Rate Set 1, and 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 wireless systens therefore
typically provide a radio channel that can accommodate naxi nrum data rate
transfers of 14.4 kilobits per second (kbps) over a forward |ink direction.
Such a | ow data rate channel does not lend itself directly to transmtting
data at rates of 28.8 or even 56.6 Kbps that are now conmonly avail able

usi ng i nexpensive wireline noderns, not to nmention even higher 15 rates such
as the 128 kbps that are available with Integrated Services Digital Network
(1 SDN) type equiapfredrelluipatiglepsdrndsetybectusegieclispoasverkayee pagwallyy beconi ng t he
m ni nrum accept apl e AN VAR i ages. Al though
W rel i me. net o Aol FE plilse ks i s SED. Bt BTG WRRP2OTE, ¢
initially devekapedhicafiorn sydtemsmrsiptipaed for vofre transmissionsp alooghi eitom made for such

20 wirel ess systens t r¥| hi gher spe | SDN- or. AD .SL-grade data
servi ces over S%é’lllfsuu%ra%r?‘ebt\ﬂlmgrg%pr? g%eo 18& g%greIoﬁasﬁ%gltemﬁlggqaggg{o% & ens, there
are nmany norg pabmmbdaibn ofsdarasrabdndssionadooexarapianinaiatarrats gpecifiedby thone type of

denmand- based |tiple access, systemi.s ref or required. 25 Wet her the
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signals, or by _schenes that permt shari of _a_radiog carrier frequency
using Tine Di vﬁgtiloﬂ’geweﬂem%gﬂé?éébgs Ltpfw&?lfbpéfm&a‘a iy PRy ¢ ple
Access (CDWA), |ith@afi@dtdinR], BbwdvBiethe adi @teSPxel iU kibps.such that it is expected
30 to be shared. This is quite dissimlar to the traditional environment

supporting Hata - 3-AtOFSRINIRSY IS HCTHNEHOE h@icaiy REpYide mbRIFhamsl s rel ativel y

i nexpensi ve anghaj $n8Q@bmmodate maximum data rate transfers of 14.4 kilobits per second
{(kbps) over a forward link direction. Such a low data rate channel does not lend
itself directly to transmitting data at rates of 28.8 or even 56.6 kbps that are now
commonly available using inexpensive wireline modems, not to mention even higher

15 rates such as the 128 kbps that are available with Integrated Services Digital
Network (ISDN) type equipment. Data rates at these levels are rapidly becoming the
minimum acceptable rates for activities such as browsing web pages.

Although wireline networks were known at the time when cellular systems
were initially developed, for the most part, there was no provision 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



typically intended to be shared, OQther factors to consider in the design of
a wreless systemare the characteristics of the data itself. For exanple,
consider that access to web pages 5 generally is burst-oriented, with
asymmetrical data rate transm ssion requirenents in a reverse and forward
direction. In a common application, a user of a renote client conputer
first specifies the address of a web page to a browser program The browser
program then sends the web page address data, which is usually 100 bytes or
less in length, over the network to a server conputer. The server conputer
then 10 responds with the content of the requested web page, which may

i ncl ude anywhere from 10 kil obytes to several negabytes of text, inage,
audi o, or even video data. The user3thereafter may spend several seconds or
evert several mnutes reading the content of the page before downl oadi ng
anot her web page. In an office environnment, the nature of nost enpl oyees'
conputer work 'PESTREEANE § Which tgiisaing pedign & FRUEiRe IR IneREASIEATp gES and t hen to
do sonet hing el§gcdiPlndfed 6L §adgd period of time, such as accessing locally
stored data or éven termnating use of the conputer altogether. Therefore,
even though such us@rhsrﬁ@wsrmﬁlﬁrlmhﬁﬁqemééthleleﬁsrmitdrmrerhqet or private

[ Ntranet conti nugual it QUFi0ga@ BNl oLl eondBh WAL accllShs B ifle i ah speed

data link is usua y quite sporadic f Wreless fer services
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efficiency of high perforpance i.cati tems, but
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resour ces. SUVMARYs 1%n§ﬂtrl&>vkwﬁh€ﬁb<@\ko®3mmmmu r Bk gagemmuteff thdnCi ent
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not been made. Simlarly, the base station should allocate traffic
The user thereaﬁer 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 typicaily to check a few web pages and then to do something else for an
extended period of time, such as accessing locally stored data or even terminating
use of the computer altogether. Therefore, even though such users may remain
connected to the Internet or private intranet continuously during an entire day, actual
use of the high speed data link is usually quite sporadic.

20 If wireless data transfer services supporting Internet connectivity are to
coexist with wireless voice communication, it is becoming increasingly important to
optimize the use of available resources in wireless CDMA systems. Frequency re-
use and dynamic traffic channel allocation address some aspects of increasing the
efficiency of high performance wireless CDMA communication systems, but there is

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

SUMMARY OF THE INVENTION

One way of making more efficient utilization of available resources is to
ensure the resources are allocated in an error-free manner. For example, a base
station should not allocate traffic channels to a field unit when a request for traffic

30 channels has not been made. Similarly, the base station should allocate traffic



-4 channels to a field unit when a request has been nmade. Such a request is
made by the field unit when the field unit is enployed by a user to send
traffic data to a renote network node. In one application, a transni ssion
of a marker in a tine slot over one channel 5 indicates a request by the
corresponding field unit to go active. That is, transmssion of a marker in
an assigned tine slot indicates that the field unit is requesting that
reverse link traffic channels be assigned to the user for transmtting a
data payload fromthe field unit to the base station. This presunes that
the field unit is presently in the standby node. Alternatively, a field
unit transmts a nmarker over a second 10 channel of the pair of reverse |ink
channels to indicate that the field-4nit is not 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

i nactive but sysemelstn 2 Wittther hequsaidas beerinadsn Such aremiest istieade byl d unit can

i mredi ately go tﬂ@ﬁéld’&lmhﬂxe%teld%&Yu% byéése.laasg{dmﬁrcdgta%@a the present
i nvention inproves performance for detecting a signal having a nmarker, or

i ndi cation, of rametegerestk np¢e. change communi cations states, for exanple, by

mking a measur enent, gf (e, AdiSALARSo kO R TR DAk of disguest Lo
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and, optlonally different power levels in a nmanner that
want to transmit 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 active again at any moment.
15 In either case, the present invention improves performance for detecting a
signal having a marker, or indication, of a request to change communications states,
for example, by making a measurement of the indications to determine that a request
to change communications states has been made. In one particular embodiment, the
measurement includes at least two positive identifications of the request in a given
20 time span. The system may further improve performance by applying a difference in
power levels for a non-request state (i.e., steady state or ‘control hold’ state) versus a
request state (i.e., ‘request to change’ communications state), The result may
include a reduced number of erroneous communications states, such as erroneously
assigned or allocated traffic channels.
25 In one particular application, a subscriber unit provides a heartbeat channel
using a first code in a CDMA system in a heartbeat with request channel using a
second code in the reverse link to a base station. The subscriber unit provides the
signal(s} with a repetition and, optionally, different power levels in a manner that a
base station employing the principles of the present invention determines a request
3.0 to change communications states with a reasonably high probability of detection and

a reasonably low probability of false detection.



base station enploying the principles of the present invention determnes a
request 30 to change communi cations states with a reasonably high

probabil ity of detection and a reasonably |ow probability of false
detection. -5- The teachings of the present invention are conpatible with

| XEV-DV systens and |-COVA systens, but general enough to support systens
enpl oyi ng various other comrunications protocols used in wired and w rel ess
comuni cations systens. Code Division Miltiple Access (CDMAA) systens, such
as 1S-2000, and 5 Othogonal Frequency Division Miltiplexing (OFDM) systens,
such as EEE 802.11 a wifeless |ocal area.network (LAN), may enpl oy an
enbodi nent of the present invention, BRI EI2 DESCRI PTI ON OF THE DRAW NGS 10
The foregoing and ot her objects, features and advantages of the invention
will be apparent fr the follqQwn m)re articul ar SC[IptI n.of preferred
enbodi nents of the i tﬁ‘t"ih&gsogglcp??s E%P?fﬁc?lﬁgmgg ‘r]Pngr awi ngs in

which |ike refgtRREans MUTREhesysteme Rt génerau B@ougﬁre@s@aea& §y§té1550et9ﬁeyihgt he

different views. The draw ngs are not necessarily to scale, enphasrs
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2B is a flow di mgsmmrbnmnprocess execut ed by a state machine in the
subsystem of Fig. 2A; Fig. 3Ais a signal diagramof a IXEV-D V signal with
a first marker indicating 'control hold and a second nmarker indicating a
‘request to go BRUENDESCRIPTIQN OCFEHBDRAWDNGS di agram of a code division
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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

15  illustrating the principles of the invention.

Fig. 1 is a schematic diagram of a communications system in which an
embodimeﬁt of the present invention may be deployed;

Fig. 2A is a schematic diagram of a subsystem employed by a base station in
the communications system of Fig, 1 used to determine whether a reverse link signal

20  includes an indication for a request to change communications states;

Fig. 2B is a flow diagram of a process executed by a state machine in the
subsystern of Fig. 2A,

Fig. 3A is a signal diagram of a IXEV-DV signal with 2 first marker
indicating 'control hold’ and a second marker indicating a ‘request to go active’;

25 Fig. 3B is a signal diagram of a code division multiple access (CDMA) set of
code channels having a marker in an assigned time slot that indicates that the feld
unit is requesting a change in communications states;

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

signal having the indications; and



unit is requesting a change in conmunications states; Fig. 3Cis a signal

di agram of an alternative enbodi nent of a reverse link signal having the
indications; and -6- Fig. 4 is a plot of signal-to-noise ratio versus .
probabi'lity of detection that may be used in determ ning energy |evels of
the indications in the signals of Figs. 3A-3C. 5 DETAILED DESCRI PTI ON OF
THE | NVENTI ON A description of preferred enbodi nents of the invention

foll ows. The cost of nmissed or erroneous detection of Heartbeat (HB) and
Heartbeat wth Request to Go Active (HB/ RQST) signals is costly. If a false
detection occurs for HE, power control conmmands and tim ng ccnmands used
bet ween a base station 10 and field terninél may be generated based on a
recei ved code phase that is not correct. Thus, the power control can be
erroneous and not based on the actual received power fromthe termnal. For
the request nessage, Fige$ i Rletofisignpl-gencisgsatogyretss probabiliteel detestion that
resources are n ﬁﬁgh% j t: kLY .

Tradi tionally, ?%yggggggnfgelpro g@%%%??k%fﬁﬁgfggmﬁgﬁggf*%%gﬁé§F%%B%tant, a
requi rement of 3Awry high Eb/No energy-per-bit per noise density) threshold
at the Base Transceiver Station (BTS) is inposed. As an alternative, if the
speed of detection is less inportant, as in the case of the HB signal,
mul ti pl e sucgesPDEIAILABREICREFSIONYOHEHEINVENTION s al | ows the probability

of false detection t r.eat 20 .reduced. Far i.nstanc if the P(fd) =
0.01 and if three de é%%?%ﬁ?nf %E&F%&fFlo’ﬁEEFP?§51“$%§%%EﬂQHE'before a
"Val id Detection" isThetesst ofinizskd drizeronaoas dbtectidpfofl Heartifedt (HH)) ard MeartbaO000001.

TS 8 SOMbK gLy oL SR A RSB RL L S SB i lgh o S
three 25 det ect @B, jower sorithEcdrhenisiand timiphaairhdndy uied Hatvednarbage stationWhi ch
s onty a shhoht,, caductlon., Tl el eSOl OUe ol 3 KOOI 209 SYgk o, but
correct. Thus, the power control can be erroneous and not based on the actual
received power from the terminal, For the request message, resources will be
assigned to a user when the resources are not needed, which results in wasted
capacity.
15 Traditionally, if a very low probability of false detection is important, a
requirement of a very high Eb/No (i. e., energy-per-bit per noise density) threshold
at the Base Transceiver Station (BTS) is imposed. As an alternative, if the speed of
detection is less important, as in the case of the HB signal, multiple successive
detections may be useful. This allows the probability of false detection to be greatly
20 reduccd.
For instance, if the P(fd) = 0.01 and if three detections in a row is specified
to be made before a "Valid Detection” is determined, the overall P(fd) = (0.01)° or
0.000001. This is less costly for detection as the probability is much higher to start
with. For instance, if the single detection probabiiity is 0.9, requiring three
25  detections lowers the detection probability to 0.9° or 0.72, which is only a slight
reduction. This technique is known in radar systems, but has not been used in this
application for detecting HB and HB/RQST signals and other communications
systerns and applications. It should be understood that the HB and HB/RQST signals
are examples of signals to which the teachings of the present invention may be

30  applied and are not intended to be limiting in any way.



application for detecting HB and HB/ RQST signals and ot her comruni cations
systens and applications. It should be understood that the RB and HB/ RQST
signals are exanples of signals to which the teachings of the present
i.nvention may be 30 applied and are not intended to be limting in any way.
-7- The signals to be detected and counted (i) naybe successive-either in
time or by a user allocated slot in a TDVA system for exanple-or (ii) may
have breaks between the signals but have a given nunber of pulses, bits, or
other indicators in a given tine interval. For a CDVA reverse |ink,
multiple serial detections or non 5 serial_ detections may be used to qualify
as a system |l evel detection. Further, thé7'systen1nay set a different power
control target versus a detection target, which neans that for a |ower
transm ssion power, integration time is increased to increase energy for
detection. For a sygﬂlemgnﬁato hesistectedrand shuntesd (Dithay heysicesssipergithenéd e

intelli gence- t t he
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case with the sBﬁdldé&E&ﬂxs(ﬁ@dﬁHe(ﬂseﬁm&[maﬁfy s RCEHm dve] &tatioedSost, tel HoI d
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an enbodi ment QﬁealnbMf&%%\berluﬁﬁﬁﬂkh@@pov%rbﬁ&%rmbﬁ&Bﬁqﬁiﬂé&rase‘attaﬁﬂc%e( BTS) 25
with antenna tower 23 maintains wireless caommunications |inks with each of

a plurality of FEydorgfiecsonFar s gpyem dphussy e slofs e SYRFp mey BF AN t s 42)

as_shown. Such jpengle8&so kidlksr fbsesEivé 8bhdnshecsBnstde sRBr A8 $Hva38 TR n Of
resources on a forward link' 70 and a reverse link 65 between the base

station 25 ¥hd #ddeios. thasysiers works eaipatel gpd sop-gatedrgignalss t ypi cal |y nade up of
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channel s 60, respectively.
detection problem. To this end, the benefits are made possible based on the heartbeat
pulses being “detected” rather than being demodulated as in the case with the
Dedicated Control Channel (DCCH) and Slotted Control Hold Mode (DCHM) in
15  CDMA technology.

Fig. 1 is 2 diagram of an example commumications system 100, similar to the
system described above, employing an embodiment of the present invention. A base
transceiver station (BTS) 25 with antenna tower 23 maintains wireless
comumunications links with each of a plurality of field units 42a, 42b, 42b

20 (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.

25 As shown, the cornmunications system 100 supports wireless
communications between an interface 50 and a network 20. Typically, the network
20 is a Public Switched Telephone Network (PSTN) or computer network, such as
the Internet or intranet. The interface 50 is preferably coupled to a digital processing

device, such as a portable computer 12, sometimes referred to as an access unit, t0

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



25 As shown, the comunications system 100 supports w rel ess conmunications
between an interface 50 and a network 20. Typically, the network 20 is a
Public Swi tched Tel ephone Network (PSTL') or conputer network, such as the
Internet or Intranet. The interface 50 is preferably coupled to a digital
processing device, such as a portable conputer 12, sonetines referred to as
an access unit, to 30 provide wireless access to the network 20,
Consequently, the portable -8- conputer 12 has access to the network 20
based on conmmuni cati ons over a conbination of both hard-wired and wreless
data links. In a preferred enbodi nent, the forward Iink channels 60 and
reverse link channels 55 are defined in the comuni cations system 100 as
Code Division 5 Multiple Access (CD®A) channels. That is, each CDVA channel
is preferably defined by encoding and transmtting data over the channel
with an augnmented pseudo random noi se (PN) code sequence. The PN coded data
i s then nodul ag®iputeshd s accpsadnt e faneqgkidhraged @B FoUBRnicatISOVERabl es a recei ver

to deci pher Ongc;‘% g@rﬁgﬂd J;{eﬁaﬂd%&}e&%{ataiﬁ%w ng only the particular
e assigne

augnented PN co for a 10 given channel. In accordance with an
enbodi ment, each cﬁannleferrgjrmbédlamfythe @U@Eﬂ)‘i@th@mds oEangegretsalitk consi st ent
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unit 42a typi cadchpies a 1.25 MHZ band consistent with the 1S-95 CDMA standard or 1xXEV-DV
standard and is capable of transmitting at 38.4 kbps.
A forward link 70 includes at least four, logical, forward link channels 60.
As shown, this includes a Pilot Channel 60PL, Link Quality Management (LQM)
15 channel 60L, paging channel 60PG and multiple traffic channcls 60T.
The reverse link 65 includes at least five logical channels 55. As shown, this
includes a heartbeat standby channel 55HS, heartbeat request active channel
55HRA, access channel 55A and multiple traffic channels 55T, Generally, the
reverse link channels 55 are similar to the forward link channels 60 except that each
20 reverse link traffic channel 60T can support 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
include encoded digital information, such as web page data. Based on the allocation
of multiple traffic channels in the reverse link 65 or forward link 70, higher data
25 transfer rates can be achieved in a particular link between the base station 25 and
field unit 42a. However, since the field units 42 compete for bandwidth allocation, a
field unit 42a may have to wait until resources are free to be assigned traffic
channels to transmit a data payload.
Before discussing an example detector system (Fig. 2) that can be used to
30 distinguish a heartbeat from a heartbeat-with-request signal, a brief discussion of

example signals will be discussed in reference to Figs. 3A-3C.



i ncl ude encoded digital information, such as web page data. Based on the
allocation of nultiple traffic channels in the reverse link 65 or forward
link 70, higher data 25 transfer rates can be achieved in a particular |ink
bet ween the base station 25 and field unit 42a. However, since the field
units 42 conpete for bandwi 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 discussing an exanpl e detector system (Fig. 2) that can
be used to 30 distinguish a heartbeat froma heartbeat-w th-request signal,
a brief discussion of exanple signals will be discussed in reference to
Figs. 3A-3C. -9 In Fig. 3A a 1xE%-DV signal 160 that may be transmtted by
the field unit is shovvn having three distinct states: a 'control hold state
165, a 'request ctiye .  state 170, and a.d ffi.c state 175. In
the “control hol ’F’ ae}xfé%l,)vf‘ ?iq%dwémayﬂggamalggg% glf’fa]ﬂéf?'ﬂﬁle a 'request to
go acti ve' | gnewEiedvingfhreel distiodt B@tes: Wdosksol hdlitatagilghal’ reéllﬁﬂ t5gdr£:mad ns in an 'idle'
or 'control hol st.at.e tes .t , it . 42a is not
requesting t¥af Em a“éﬁgﬁthgvﬂl‘c S‘?‘ﬁé%d “t UL “oplﬁ’d Btatgcl% 3‘% S‘%’? 1%% 170 is an

i ndi cati on ddaaiot tnbleda‘a‘edqdcsumgb adtise’ nr&!@pumthmglert\@orﬂsr ansighd 1€lata on a traffic
channel oyer a revers h traffic, state 175,
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"data transni ssion co <fiown as a si ngl e
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state 170. §5tmr£r@1%ls¥0néon$let65§£tg bt fglg transmtted in a transmt state 175
may be on a separate channel romthe other two states 165, 170. An exanple
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codes into mutually exclusive channels, For example, the ‘control hold’ state 165
15 may be transmitted on a different channel from the ‘request to go active’ state 170.
Similarly, the traffic data transmitted in a transmit state 175 may be on a separate
channe! from the other two states 165, 170. An example of multiple channel is
discussed in reference to Figs. 3B and 3C,
Fig. 3B is an example of an Internet code division multiple access (I-CDMA)
20 signaling diagram that has assigned time slots for users 1, 2, 3, ..., N repeating in
epoch i 177a, epoch i +1 177b, and so forth. The channels are composed of the
heartbeat channel SSH, request channel 55R, and traffic channels 55T, Each of these
channels has an associated code C1, C2, C3, C4, ..., CN, which allow signals to be
transmitted on mutually exclusive code channels, Both the transmitting and
25 receiving systems process the information in the channels by using the codes to
separate the information respectively included therein in a typical CDMA manner.
In the example shown, users 1, 2,4, 5, 6, ..., N are requesting to remain in an
idle state, indicated by the presence of a signal 180 in the heartbeat channel 55H.
User 3, however, is requesting to transmit data over a reverse link based on a signal
30 185ain the request channel 55R in the first epoch 1774, a signal 185b in the request
channel 55R in the second epoch 177b, and possibly additional epochs. In the third



20 signaling diagramthat has assigned time slots for users 1, 2, 3, ... N
repeating in epoch i 177a, epoch i +1 177b, and so forth. The channels are
conposed of the heartbeat channel 55H, request channel 55R and traffic
channel s 55T. Each of these <channels has an associated code d, C2, C3, (4,
..., CN, which allow signals to be transmtted on nutually exclusive code
channels. Both the transmtting and 25 receiving systens process the
information in the channels by using the codes to separate the infornmation
respectively included therein in a typical CDVA manner. In the exanple
shown, users 1, 2, 4, 5, 6; ..., Nare requesting to remain in an idle
state, indicated by the presence of a signal 180 in the heartbeat channel
55H. User 3, however, is requesting-to transmt data over a reverse |ink
based on a signal 30 185a in the request channel 55R in the first epoch

177a, a signal 185b in the request channel 55R in the second epoch 177b, and
possi bly addi t PRI 776gBTRES 23 }H‘S fqiested A Fequest e franspidicdata prsed on PREVBTS 25 has

detected the re&weﬁﬁvetlmaﬁ@fﬁamaanai@etse RARRRg AReibth all MRnodQRRRAUL | Ve
i ndi cations 185a and 185b. Followi ng recei pt of an acknow edgrrent user 3

begi ns to trangsi 3 beginafF Fassmiatraffia dap 19R inead aspeu®ed talicchenngt ysing Cedsannel usi ng
code C5. In apsajigh ne}aatvecm@gﬁmpﬁrs &maﬁl irg rdYndeEffiVE T € three

consecutive 5 indications 185a rough 185c ore determning that a
request is bei ngchel%?ﬁdﬂomkﬁﬁ@\hbfemgﬂtﬁgllfsWtalﬁiqgest B@eingmaderppd e det ai | ed
signal diagr amag((1 ”lgig;}(e DV signal of Fig. 3A that is used to indicate a

‘request to go act 0 the base station 25 fromthe field wunit 42a. In
t hi s enbodi nent, t H%eg Bﬁml‘fmteQctghablgnahdrmrp@fSMXBN PXikigngpbEFigidgnal s 10 on

different |ogi nel. a hea t beat. ¢h e r est channel
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The field unit 42a uses the request channel 55R to make a request (e.g., digital “1")
of the base station 25 to request a traffic channel on the reverse link 65 for

15 transmitting data.

Sampling times 195a, 195b, ..., 195f (collectively 195) denoted by arrows
indicate times or intervals at which the BTS 25 samples the time slots of the request
signal 55R and, optionally, the heartbeat channel S5H to determine whether a
request for a traffic channel is being made. It should be understood that the

20 sampling may occur over the entire time slot or a subset thereof. Also, the heartbeat
channel 55H and request channel 55R use mutually exclusive codes, in this
particular embodiment, so the sampling is performed on their mutually exclusive
code channels 55H, 55R in all or a subset of time slots. In one particular
embodiment, the base station 25 samples mutually exclusive code channels 55H,

25 55R in time slots designated for request indications, such as in time slots at sampling
times 195b, 195d, and 195f. During these time slots, the heartbeat channel 55H is
“inactive”, but the request channel SSR is “active”.

As discussed above, the signals in the “active” request time slots may be
modulated messages or simply coded pilot signals with no “bits”. Thus, detection

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



indicate tinmes or intervals at which the BTS 25 sanples the tine slots of
the request signal 55R and, optionally, the heartbeat channel 55H to
determ ne whether a request for a traffic channel is being made. It should
be understood that the 20 sanpling may occur over the entire tinme slot or a
subset thereof. Al so, the heartbeat channel 5514 and request channel 55R
use nutually exclusive codes, in this particular enbodi nent, so the
sanpling is performed on their mutually exclusive code channels 5514, 55R
in all or a subset of time slots. In one particular enbodinment, the base
station 25 sanples nmutual ly exclusive code channels 55H, 25 55R in tine

sl ots designated for request indications,jjsuch as in tine slots at sanpling
times 195b, | 95d, and 195f. During these tine slots, t he heartbeat channel
55His "inactive", but the request channel 55R is "active". As discussed
above, the si Sl (1 gﬁ%g qﬁﬁngg ted
nmessages or s |g np 3— e%‘%a{ ?&ﬁsﬁ%# g?%nr%ﬁgﬂ%ﬁk%&dﬁ g‘;‘; Eﬁle us ord%‘ &g%%g?on

may be based ssﬁeﬁ#ﬂumﬂﬁuyﬂ%spectlve energy levels of the heart beat and

heartbeat 11- wth- uest . s S.inr c ] ! gi ven
time interval or spgh?n cu ngn Pd’ﬂcﬁ% n%o&&r\?glp%l& ﬁr{ﬁ ghgmééﬁa%‘ uﬁsﬁr

Fnbofli menéI theirs‘t@ﬁérgymveh@hdjthesﬁeqmt o abtiveb’ @ﬁtelhlan nhas s@:ong efigLy Em.lr gy |
evel, an uest t active' state 170 has .a secaond energqy |evel.
5"The base St ailibRecia) 26 e Attt O i heorghae 8 PNGELT 7 BAOEHR cvel
in addition tOt&bﬁréﬁﬁﬂbh%f@x@pﬁseétﬂ@d%&@ﬁe H%Qﬂesk@o O iRR! BoraxaBplbigst to go
active. For exanple, this particul ar enbodi nent, “di stinguishing the two

states may be ahlﬁaﬁxﬁlé\ﬂawanééa@m digtinsuisking {be|two states sravttee matmal s(s) and (i)
conparing the epstgynd &%Fétﬂe\ae&adﬂﬁé 51%;%5 J)%ﬁ@&) ARHati %mlefjquéve(s' dedinst

determning that a reéquest IS presen pti onal Iy In"a 10 mitual |y exclusive
code channel i rdticgapteongtyesholdrail ms thaia regiaghig Ipréssntaoptipnallvigiacal  zer o.

The differgqgt the duty
cyol e of R sihiafly SENES ofte drdinal BERLLEIRRYE MESLPULAS S AL | O
signaling str dcgluzlegsroaﬁhle didfefent tx’rwrcyﬂevelmcd‘ehcsmanahdmmayl’ne pemdgiybyltba/el s of
the signals can pycyc?c c%t[txe signals, %equency of the signals, power of the signals, signaling

structure, and so forth.

To understand how the energy levels of the signals can be used to improve
15 system performance, one can refer to Fig. 4, which provides a chart for selecting
signaling requirements based on the following parameters or factors: (i) probability
of detection, P(d) (x-axis), (ii) signal-to-noise ratio in decibels (y-axis), and (ii)
probability of false detection, P(fd) (curves in the chart). This chart shows a required
signal-to-noise ratio at the input terminals of a linear-rectifier detector as a function
20  of probability of detection for a single pulse, with the false-alarm probability P (fd)
as a parameter, calculated for a non-fluctuating signal. It should be understood that
alternative parameters or factors may be used to establish or define the transmitted
power levels of the indications.
At the circled point 200, the signal-to-noise ratio is 3 dB, P(d) = 20%, and
25 P(fd)=1 %. To increase the probébih'ty of detection for the same probability of false
detection, one simply needs to slide the circled point 200 upward along the same
probability of false detection curve, which suggests that an increase in the signal-to-
noise ratio is used to improve system performance and, thus, improving the
likelihood that the request signal will be detected quickly.
30 Before providing an example model and discussion regarding example
Heartheat standby 55HS and Heartbeat Request Active SSHRA cnergy levels for the



15 system performance, one can refer to Fig. 4, which provides a chart for
selecting signaling requirenents based on the foll ow ng paraneters or
factors: (i) probability of detection, P(d) (x-axis), (ii) signal-to-noise
ratio in decibels (y-axis), and (iii) probability of false detection, P(fd)
(curves in the chart). This chart shows a required signal-to-noise ratio at
the input termnals of a Linear-rectifier detector as a function 20 of
probability of detection for a single pulse, with the false-alarm
probability P (fd) as a paraneter, calculated for a non-fluctuating signal.
It should be understood that alternative paraneters or factors may be used
to establish or define the transmtted Tpower |evels of the indications. At
the circled point 200, the signhal-to-noise ratio is 3 dB, P(d) = 20% and 25
P(fd) =1 % To increase the probability of detection for the sanme

probabi ity of e¥ampecorpapaications sygre 1 éﬁﬂvw,ﬁé‘—@egmﬁ@sgweéapme%?rraeﬁed poi nt
200 upward al ofgethensaREy bOERRAPE sidendls th@! pRovided ection curve, which
suggests that an i1ncrease I1n the sighal-to- noise ratio is used to inprove
syst em per f or mance &igd2Atihasshemmpe degnay daflagequcitidetertieroptocdsasr it Aasaddquest
signal wll be .dete uj ekl 3 r royvi dj n.e | and
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(Fig. 1), a brief.di.scuss of a.pro r..and _detector at. may be used
in the system i hco%aﬁ‘%ﬁ%([;&?ccﬁ @Pmlfigf‘é’q?mg%eﬁéf‘@%b&’ be‘nélﬁi gﬁ&%fm request
det ecti on pr océ&satheatirbndss audive ohandlelt SHRIAN Thekighdl S5 1§ frécéss@] dheluthat a 42a has
requested to send _data to.the BTS 25. The recei ver, Rx 35 jves signals
550 Wi ch 1| nol CAEDSEHaES FRGRHE bR Ha ot s CBRRAHATS $9F ~accass
charnel 55A, heeafichehhnfel pRdb¥ochanaeivebBidSleanbeht RBQREE Radle chaapst active

channel 55HRA. The signal 55 is processed such that a heartbeat channel
processor 192 ral&Hves the heartbeat standby channel 55HS and a request
channel processor lihehesfiedthabitfpfdeatiNaatanbRAUes thdati ptscshrnngl 10

551-1 RA. The heartbeat channel processor, 112 and request channel processor
114 include the same processing elements, in this particular embodiment, so a discussion

of just the heartbeat channel processor 112 will be provided for brevity.
The heartbeat channel processor 1 12 recci.ves the heartbeat standby channel
15  55HS. A correlator 115 uses a despreader 120 to despread the heartbeat standby
channel 55HS. An integrator 125 is used to coherently combine the heartbeat signal.
By coherently corsbining the signal, an integration of I, Q ang its phase causes the
phase of the signal to be removed and output the power of the signal.
Following the comrelator 115, a rectifier 130 (i. e,, absolute vatue of the
20  signal squared) rectifies the power of the signal, which is then integrated by a second
integrator 135 to calculate the energy of the received heartbeat signal. The second
integrator 135 provides a non-coherent combination.of the signal, which is
calculated over short time intervals. The non-coherent integration provides just
magnitudes if the terminal is moving too fast, thus causing a cross-over of the 180-
25  degree phase point, which can cause ambiguities in determining the energy of the
signal in the absence of the non-coherent combination,
The output from the heartbeat channel processor 112 is 2 heartbeat energy
level, and the output from the request channel processor 114 is a request energy
level. Each of these energy levelg, in this particular embodiment, is fed to 2
30 hypothesis detector 140, which determines whether 2 heartbeat signal, request

signal, or neither signal is in the signal 55 recejved by the base station 25.



i nclude the sane processing, elenents, in this partitular enbodi nent, so a
di scussion of just the heartbeat channel processor 112 will be provided for
brevity. The heartbeat channel processor 112 receives the heartbeat standby
channel 15 55HS. A correlator 115 uses a despreader 120 to despread the
heart beat standby channel 55HS. An integrator 125 is used to coherently
conbi ne the heartbeat signal. By coherently conbining the signal, an
integration of I, Qand its phase causes the phase of the signal to be
removed and output the power of the signal. Following the correlator 115, a
rectifier 130 (i. e,, absolute value of the 20 signal squared) rectifies the
power of the signal, which is then integrated by a second integrator 135 to
cal cul ate the energy of the receivad- heartbeat signal. The second

i ntegrator 135 provi des anon-coherent conbination.ofthe signal, which is

cal cul ated over short tine intervals. The non-coherent integration provides
just nmagnitudes i The duput ﬁacrmhnwmlhssimw:tnrgmﬂémrcfvabﬁ fo & fasmecdingi ng a

s e Ot B T RO SRR RSOl e WORER LSRR pGRRE Tl O L1 €5 11

determ ni ng the energ non- coher ent
conbi nati on. Tkaau@ub;gubctrﬁ/e @motdhe tdnegwetnbeaha Mhannebnqpantcmlmsor 112 is a

heart beat ener | evel , and th t. fro he.req annel processor
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et erm nes ether. a ear beat sigpa t or neither signal is
in the S|gnaI'§?“V@§éFV88 qFﬁé“%ﬁ%émﬁFig Ea?%amgwgtwﬁﬁﬁa8U?put fromthe
hypot hesi s det@gdnersigh4i6) cblﬁatlﬂglﬁvﬂtﬂi&dedu@st #1184 adnals iBcdivaneimb4pan, ahbe st ate
machi ne i s used to det ermi ne whet her the f%ﬁlg unit is nakin?@ﬁ “request to
go active' acc8iiinguihst dhegiradissizdst ’F’E’F 149 and g fiferengg inyengray davels el ar

enbodi ment, | §h@&nBEADKY iRPRNLs s%tcn{ﬁefoﬁﬁhdetﬁm&sﬂméqh@edwrnﬁm@s%ms det ector 140.
5 Exanpl e measur ement s i ncl ude counti ng of consecutive request

signal's, nRadoyentgy n %ﬁrW@rdéﬂh%wbﬁﬁéta@dbxf@w&wmah@rt & GAYPls and

hear t beat T equesy, cﬂ&hbl‘S@HRﬁ%?B@ﬁroéks@@@Je@tiyt@%@ia‘te’"rﬂacﬂﬁ@fisqgat request active
signals in a given tinme span, so fort'h” Further, the hypothesis

det ect or 140 alsrmiheweftier be éﬁéemi fRa dsequepting e \ge pasiveyf More detail is

provided following a description of an embodiment of the state machine 145.
In this particular embodiment, the state machine 145 outputs a Boolean true
15  or false signal. An example of a process executed by the state machine is depicted
in Fig. 2B.
Fig. 2B is an example flow diagram of the state machine 145. The example
state machine 145 starts in step 205 when the detection processor 110 “boots up.” In
step 210, the state machine 145 initializes counters that are used to determine if a
20  detection has occurred. In step 215, the state machine 145 receives the cutput from
the hypothesis detector 140. After boot up, the state machine 145 may act as an
“interrupt service routine’, beginning in step 215, upon receipt of any output from
the hypothesis detector 140. The counters are cleared (i.e., set to zero) upon a
determination of a detection or a non-detection to reset the measurement process
25 without a re-boot of the detection processor 110, as discussed below.
Following receipt of the output from the hypothesis detector 140 in step 215,
the state machine 145 determines whether the output of the hypothesis detector 145
1s a request (i.e,, ‘request to go active’). If yes, then the state machine 145 continues
in step 240 in which a detection counter is incremented. In step 245, the detection
30 counter is compared against a threshold. If the detection counter exceeds the

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



the indications inproves system performance, but are not required for the
present 10 invention. In other words, the heartbeat standby channel 55HS and
heart beat request active channel 55HRA may be processed directly by the
state machine 145 to determ ne whether the field unit 42a is requesting to
go active. Mire detail is provided follow ng a description of an enbodi nent
of the state nmachine 145. In this particul ar enbodi nent, the state nachine
145 outputs a Boolean true 15 or false signal. An exanple of a process
executed by the state machine is depicted in Fig. 2B. Fig.. 2B is an exanple
fl ow di agram of the state machi ne 145. The exanple state machine 145 starts
in step 205 when the detection processor 110 "boots up." In step 210, the
state machine 145 initializes countérs that are used to deternmine if a 20
detection has occurred. In step 215, the state nachine 145 receives the

output from the hypothesis detector 140. After bhoot up, the state machi ne
145 may act asg%ﬁ““’ A dherfigfsk unk d74y iLithe deisetionseunter Bessnptekergd (A st ep 215, upon

recei pt of anymQutdiiitheh HeBate hiaBhikYIRO thBRitS st € el aitd dreccd@ndiiRint ers are
cleared (i.e., set to zero) upon a determnation of a detection or a

non- det ecti on ¢wrut &gmthedpeothesiadeisconddk process 25 without a re-boot of the

det ection processoic,hdfinsdsreft BG4S 58 4r hal Qm)ﬁglh WoRthe hGfBlell of the output
fromthe hypothe5|s°$etg%to? 14%H?n st epeg ¥ @ é%afeﬁ%hghlne 145

deternlnes viheddtrsior {40ds datarpined ot totlige mvﬁﬁiﬁe@msﬁdeﬂédvmiwi45 is a request
(i.e., "requesg, 81e S’zsﬁgﬁﬁs" 8 dtep 355, tXees?ate hGRe | zB%c?én‘?‘etn?s c?%ﬁ?ﬁét&%m}% conti nues

in step 240 in etection counter 1s |ncrenen e tep 245, the
det ection 30 camrnttererm step BOrapktesuinagaismstie & (¢ Whatlsh the don-didtectidre det ection

counter exceeds the thre hen, in 25 st at e nmachi ne 145
reports a det eCtion &t dsag?éﬁ%@%@”?gwﬁ%gmmgm%myqu5“Pﬂmmspﬁ%pf|eId unit 42a.

I f the detecti a3, eohithete sdaasachiod 146)!@61&{13 dohdetedtion efdtedqdest ofgen t he state
R e R R RERENE 2 N
220, the out puthrestold, fien thy pate fagiig 145caeteciheep 240 i S deternlned not to be a
‘request’, then t h%ol?c;[w%gesteg?gﬁi arrlg 2510?ﬂ51e state machine 145 clears the counters in
step 255, allowing the state machine 145 to detect future ‘requests to go active’ by
the field unit 42a. In step 260, the state machine 145 ends. '
15 The detection counter is used by the state machine 145 to determine how
many indications of a ‘request to go active’ have been received by the detection
processor 110 according to a given criteria. The criteria can be of any form,
including a given number of consecutive detections, a given number of detections in
a given time span, or a ratio of detections to non-detections. Alternative non-
20 counting based measurements may be employed to determine whether a request is
being made to go active, such as measuring the phase of the request signals.
1t should be understood that alternative embodiments of using counters or
other criteria may be used by the state machine 145. For example, the state machine
145 may use other process flows, non-counter variables, or other standard or non-
25 standard techniques for determining a detection. Further, rather than receiving the
output from the hypothesis detector 140, the input to the state machine 145 may be
raw data from the heartbeat channel processor 112 or request channe! processor 114.
Further, in an altemative embodiment, the state machine 145 may be vincluded in

combination with the hypothesis detector 140.



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

t he non-detection counter exceeds a threshold. If yes, then the state
machi ne 145 continues in step 235, in which the state nmachine 145 reports a
non-detection of a "request to go 10 active' by the field unit 42a. If the
non- det ecti on counter does not exceed the threshold, then the state nmachine
145 continues in step 215. Follow ng steps 235 and 250, the state nachine
145 clears the counters in step 255, allq@Mng the state nmachine 145 to
detect future "requests to go active' by the field unit 42a. In step 260,
the state machi ne 145 ends. 15 The detection counter is used by the state

nmachi ne 145 to detegynm ne how ny i, ndi Jons of “request 0 active'
have been received %g’]% Wég??%ﬁﬁ" ’B?@@%&%&‘l%‘i%%sé‘&‘t?&m°ﬁ&°b§5 gi ven
criteria. The egckf@hwathdigh Hobailigwheiher it feld@liura igmakigy ¥ eequastibes  of

consecutive detectigns, a given nunber of detections in a given tine span,
or aratio of @gtEeiicdyRobeEsindfiedtetldles BICPYEr nat i ve non 20 counti ng

based measurenents FBYeRnRERIAY té"p&s 288 FeRgt, WG PEheds dRGHRSkoi S bei ng

made to go active, such as neasurin e phase of the request signals. It

shoul d be ubdetariusisslogisat fuariesnBarievenpags dinprtienlatembotinrns ditt er s or

other criteria S BED r the state
machi ne 145 mglgi usée%%o Eeer rg%{%%ge}ggﬁ%ﬁa%v\s, n fi &%ﬁ?gp E@a?ﬁfﬁgﬁlrﬁﬁe)és@stor ot her
standard or norn@gy &vel(dar,hepthsanergrgydevedrand evmparens sgord eetgydevedbn. Furt her,

rat her than recgivi ot_he output fr . hypot hesi s_det ect or 140, the
input to the s@%ﬁ%’oﬁ%ﬁ‘nﬁ%ﬂliiﬁﬁé?%@e{r’%& 8‘&‘%%% sr?grhqr%%@% dart beat channel
processor 112 or r eduasplechagnddvepthashddorgaibithvhickur doneare theheantbedtt er nat i ve

enbodi nent ,, .t he_st at e machi ne 145 nmaybe incl d i onbinatjon wth the
ypot heet s 'Qet GOEBY S 50Ra e Sapn gRES AR A S nd o af 2RO 17 10

t he state machienergiddvel threshsidembpbadydatiically géleqied) paddifeirhipiedyioe tpydied tthe fi el d
unit 42a is maki ng.a ' request tbo S0 akgtiv Ied the 1h¥ otheliis etector 140 is
al so enpl oyed. “FO FeT B ABRA R s1"gh S‘Pgs PEVEL S %’r"&‘&_ T2y PREPRY ot hesi s
detector 140 Syithefieldasnit kot bade statios bvanise hdabead xandbyahaine] §$HS f@ar ti cul ar

enbodi nent, th ) X
Gi‘nstzmc:e. In the case of the energy level calculation and comparison, the first and

15  second energy levels may be dependent on occupancy of time slots in the signaling
channel(s) used by the signal 55, so the energy level thresholds can be based on an
expected or specified number of “‘1” bits used to indicate a ‘request to go active' or to
indicate a request to remain in idle mode. Use of the energy level thresholds is '
discussed in related U. S. Patent Application entitled “Transmittal of Heartbeat

20 Signal At A Lower Than Heartbeat Request,” by Proctor, J., filed concurrently
herewith, the entire teachings of which are incorporated herein by reference.

As discussed above, the output of the hypothesis detector 140 is measured by
the state roachine 145 to determine whether to change the state of the )
communications system, which is the state of reverse link traffic channels between

25  the field unit 422 and the base staton 25, For example, if the hypothesis detector 140

determines that a ‘request to go active’ (i. e., send a data transmission on the reverse

link) is being made by the field unit 42a, then the state machine 145 outputs a signal
to a processor (not shown) in the BTS 25 that is responsible for providing the
portable computer 12 with a traffic channe] 55T. In one particular embodiment, the

BTS 25 allocates the traffic channel 55T if the number of consecutive reguest

(93
o

signals is determined to be two or more consecutively. Alternative criteria have been

-discussed above.



hypot hesi s detector 140 conpares a first energy |level threshold against the
first energy level (i, e., heartbeat energy |level) and conpares a second
energy level threshold against the second energy level (i. e., request
energy |level). Exanple energy |evel thresholds against which to conpare the
heartbeat 10 energy | evel and the request energy level are 9 dB and 11 dB,
respectively. The energy |level thresholds maybe dynam cal ly sel ected,
predeterm ned, or applied in another nmanner, such as based on a transmtted
power |evel, which may be reported by the field unit to the base station
over the heartbeat standby channel 55HS, for instance. In the case of the
energy |l evel calculation and conparison, the first and 15 second energy

| evel s may be dependent on occupancyltef tine slots in the signaling
channel (s) used by the signal 55, so the energy |evel thresholds can be

based on an expected or specified nunber of "|I" bits used to indicate a
'request to go acti V&'desgribaddn referraptafie- 36, e ferabeat ehenneh RSSO M2 dl e node. Use

of the energy |gygk: hihashetds Iilif’, am?ﬁy?ﬁth@ﬁ%gecjtd? 1E@na ﬁéﬁoﬁf&u%d oPat ent

Application entirled "Transmttal o artbeat 20 Signal At A Lower Than
Hear t beat Requedssighediiya peenet Gat magitors §nj deatansh pictime daig uspd tohrdicatgitheh, the entire

teachi ngs of whicg il BrchASRASHBH M DS ShidnbloBEEHERE feedify O SCUSSEd above,

t he out put of t ypot hesi's detector 140 Is neasure e state nmachine
145 t o det er i niscldee triogitoring occhgangyeof rytnaliyt extlesivsfoodewanng s rmmehrdis shvinons  syst em

which is the stg&gsqﬁ3£ﬁ§ rse link traffic channels between 25 the field
unit 42a and thé se statiion 25. For exanple, if the hypothesis detector
140 det erm nes t hatA facdbaakdergg ot sl@wgbmade employeflita cagse, theshentbeat dat a

transm ssion on_.the, revers | ink) s being nma by the field unit 42a, then
the state machiﬂ’«gmfléﬂgocﬁﬁstobEltzs?néaregll}eéir?gﬁmgp %’965506?g4ct8§§oa:aa’itlr‘{8t FIérnown) in the
BTS 25 that is &aspleaiddloe tHeotcepednergy lag! bk heprdrebtabin@elS6HpHE er 12 with a

traffic channel. 55T. In o particul.ar, enbodi nent, the 30 BTS 25 all ocates
the traffic 1haWH@?“%%Tm?Q%FH@qﬁﬁﬂﬁtﬁ’Hgngﬁﬁ%%%ﬁkpﬁ@dﬁﬁﬁﬂ%@iaw ignals is
deternmined to b@rekhonis AiedWOER hGAREE tkdetoe] 40 forRbrnprida dFVIR: efidrizf le¥elsa have been
-di scussed above, -16- As described in referen?e to Fig. 3C, the heartbeat
channel proces SQ)frthelhf?‘,[beat and request signals may also be adjusted by the feedback loop.
Other feedback may cause (i) the number of consecutive pulses required for a
detection to be increased or decreased or (i1) the number of transmitted request
15 signals to be increased or decreased. Such a feedback loop may use a command or
message to transfer information between the BTS 25 and field unit 42a that includes
information regarding the pulse repetitions or power levels of the heartbeat and
heartbeat-with-request signals transmitted by the field unit 42a,
As discussed above, the first communications state may be a standby state
20 and the second communications state may be a payload state. In other systems or
even the same system, the communications states may refer to other communications
states, such as a request to change base stations, power control signaling, and so
forth. The use of different signal repetitions or energy levels in signaling as
described herein is applicable to wireless, wired, or optical communications systems,
25  In either case, the communications states may be used in voice or data
communications systems.
As also discussed above, the second energy level may be based on a target
probability of detection, false detection, or combination of both as discussed in
reference to Fig. 4. In other words, the field unit may transmit the request signal at a

30 pgiven power level or a given number of pulses per given time period to achieve a



request channel processor 114, and hypothesis detector 140 nmaybe confi gured
or designed in a manner that nonitors an occupancy of tinme slots used to
indicate the request to change communications states. In one enbodi nent,
t.he detecting 5 includes nonitoring occupancy of mutually excl usive code
channel s, such as shown in Figs. 3B and 3C. A feedback |oop (not shown) may
be enpl oyed to cause the heartbeat channel processor 112 and request

channel processor 114 to be "adaptive". For exanple, based on the received
energy |l evel of the heartbeat channel 55H, the 10 integration tinme of the
integrators 125, 135 maybe adjusted, and t%e energy level thresholds used
by the hypothesis detector 140 for conparlson of the energy levels of the
heart beat and requ ue st SI 1S TBY.. @ % ag %J pef%g%c99c Ioop

Ot her feedback caus @P?'?ﬁ%sﬁﬁﬁﬁ P %P S| t|v S S8 Tt ed for a
detection to beie'tenﬁds:easbﬁihaﬁdﬂa&tﬁaaed‘emnce(tmﬂg.mhe nunber of transmtted
request 15 signals to be incre reased. .Such a feedback | oop may
use a command or Sdeﬁﬁﬁ FgP 1%8FWEFP8W”H%WWE85mF% BTS 25 and

field unit 42a &dﬂ@éuttdﬂ@ﬂdi!&k@i&ns opfhe fesabidkiméchgiakd idigudsbEatipvt sRybepet i tions or
power Ievels of the heartbeat and_ heartbeat-w_th-request signals

transmitted by THIOYHaR BeFRpmupationt sy fofEBHng BiG\sld wildo change its
conmuni cati ons g dhadi6r 5B 1PBavR (8 RPERA SleAly8evelb Nt nlisihe 6aiche a

communi cations state may be a payload state. | n other systens or even the

sane system theeedmRnfdeimpbirnaiteaptics g providiag the degredgrotsbitivuei cat i ons

states, such asgdedigfldsbialdk AecbiRgarLasGs St ations, power control signaling,
and so forth. The use of different signal repetitions or energy levels in

signaling as deBE¥elMerein is applicable to wireless, wired, or optical

connuni cati pns Syst eNRimdRidnTorl fehekc BASHas édaeu&emm}h aRiLARS 13kat es maybe
used in voice or data communi cati ons sgstems al so di scussed above, the

second energy | ®yEpehimhakeptyas conts 2ad e heagbeat chrusishef 4oy tof thefexgaple &penn,

fal se detecti ong,oQm ik 2{ERI HABCAN 06t BUR G2 oMinRmta8GHE 1k sidhglify €nce to Fig.
4. In other words, the field unit may transmt the request signal at a 30

gi ven power |evel orFigtgherearediapesamptiops fhatdwevpbeengade dorthissimydationd t o
achi eve a First, power control is used on a combination of detected paths or in a single path.

15 Power control is performed even V{hcn a positive detection is not achieved. Second,
the probability of detection was set to achieve detection at 2 high enough rate to
ensure that power contro] is performed on the cor‘rect signal. To clarify, detection is
required to track the received signal.

Table 1 shows the rate of detection required for a single path chamnel from a

20  vehicle moving away from the base station at 60mph. This table requires that there is

at least one detection per slew of a chip due to movement.

TABLE 1
Slew Distance for 1 chip 8i4 s
Handset Velocity 60 mph
25 Handset Velocity g8 ft/s
Chip Slew Rate 9.2 chips/s !
Heartbeat Rate 50 HB/s
Heartbeats/Td 462 .




-17- corresponding signal-to-noise ratio for a given target probability of
detection, false detection, or both as discussed in reference to Fig. 4. An
anal ysis may be used to set the transm ssion power or nunber of transmtted
i ndi cations, or the feedback nechani sm di scussed above maybe 5 enpl oyed in

t he communi cati ons systemfor causing the field unit to change its behavior
so as to have the received energy levels of the indications achieve a
predet erm ned signal-to-noise ratio, thus providing the desired probability
of detection and false detection paranmetggs. SI MIJLATION 10 A sinulation
for a reverse link was conducted where the reverse link is assuned to have
power control and a heartbeat channel of any of the exanple types shown in

Fi gs. 3A-3C or anot E)%Heth% gﬁqtae ?%u {ﬁk ?J]g?\ler% ch s{nséc’ t here

are two assunptions havs B power
control is usedheaartbeat pm]sbmnathe@imootfed tedreoteelck spgtams tflfckctd‘\asahsumgloﬁarpwﬂh 15

Power control is_perforne a posi.tive, det n is not achieved.
Second, the probahf FiERd}t ‘"b‘% ‘fgléctw SV RS é%hetv(?hjéf &5?‘3% Pt a hi gh
enough rate to offeHI&2iiRks PAWDe receiVed MithiaveBEEER fmdbtﬁfy driBer€ @rarrt iof

signal. To clarijfy, det ectio required to track the received signal.
Tabl e | shows tlpemgdy W&@Egb’tsi%‘ﬁl required for a single path channel from

a 20 vehicle novi n%m@mnmxpmtémoaaeet&&ﬁsme@a%cm& setTt%xﬁ att@fhu@f
requires that there is | east one etectlonA{)er slew of a c |$fdue to

novenent . TABLEdtteetoe.(fﬂlEﬁeqt%eeptoéﬁblmuer{m Fig 9+ Whilpdaklatl ivgefed 95 60rv nph
25 Handset Vel og] ?alﬁvﬁgvmte/éau%mét%@m PisexpuRiths: meHRbLARA; oRat e so

HB/ s Heartbeats
detection are not greatly affected over a relatively short amount of time. This is due

10 to the statistical independence of the fading from heartbeat pulse to heartbeat pulse.

While the individual pulse probabilities of detection varied significantly, the
overall results were not seen to vary significantly by more than 2 factor of roughly
50% in the latency of detection. Specifically, the average detection latency for the
request message in AWGN was 11ms as compared to roughly 15ms for 30km/hr.

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

Based on this analysis, a probability of detection of 20% and false detection
of 1% was selected. This requires an average Eb/No of 3dB. This is shown and
discussed in reference to Fig. 4.

20 Table 2 shows a calculation of the probability of detection and false

detection during the time Td defined above.

TABLE2 -

Target E/lo (entire energy/interference density) 3dB w—t
Probability of detection 0.2

25 Probability of false detection 0.01
Probability of detection for 3 Sequential HB 8.00E-03
Number of trials in Td 462
Probability of no detection in Td 2.44E-02
Probability of false detection for 3 sequential 1.00E-06

30 Required no false detection trials 462
Probability of false detection for Td 4.62E-04




-18- In Table 1, the tine period Td is defined as the period over which a
singl e heartbeat pul se nust be detected to ensure the signal is tracked as
the tine of arrival of the signal is skewed due to novenent of the vehicle.
Tabl e I shows that one out of every 462 pul ses nust be received with a very
hi gh probability or there is a risk of 5 losing the tracking of the signal
Based on this calculation, the threshold of detection was set froma table
of detection/false detection probabilities (e. g., Fig. 4). Wile Table 1
is defined for Additive Wite Gaussi an hﬁjse (AWEN), it is expected that
the probabilities of detection are not greatly affected over a relatively
short amount of tinme. This is due 10 to the statistical independence of the

fadi ng from heart beat | se to . heartbeat pulse, _VWile the jndividual pulse
probabilities of de?%é%ﬂ%&\‘iﬂ?b@g% ‘bfﬁ‘lglff %W‘Flt’f’?,th{cl’?éeq‘l?\‘?g?laée?ec?@éb‘f“f% wer e
not seen to varquiredini falidsetlsinolrydersation. Shid ti prasdbatty of fallRUBfkNons30% i N t he

| at ency of detectiqn. . Specificallly, e _average, detection |l atency for the
r equest messagB“ﬁ1i 3 NG Rl F”Frfbga’?"g%%é)féam%f?%&&ﬁ??“ﬂ%ﬁ%“bleér 30km hr.

15 Again, this resulThhles teledr daleul R6URS dvdchoe FARY RalelQperlcBpgRsHeat her than a
nmore difficult denodul ation process. Based on this analySis, a probability

of detectiofh oftterfusnresdersilyswhgbacae SHR intseratedonasthe epticeichia) regnired trequi r es
an average Eb/ Noniofe BERatisHak 8 Thishown and di scussed in reference to Fig.
4. 20 Table 2 shows a calculation of the probability of detection and fal se
detection during the tine Td defined above. TABLE 2 Target E/lo (entire
energy/interference density) 3dB Probaﬂ;%djt;g of detccti on 0.2 25
Probability of false detectiaon 0 01 Prohability of detection for 3

Sequential HB 18. 00E-(Q3 TaemFéle of trials in Td 4623 Probad® |itly of no
detection in Td 2. 44E- M‘Processing Gan 556
10 Burst Ec¢/Io -21.08 {dB
Average Ec/lo -40.9 |dB }

Since the heartbeat channel is time division multiplexed (TDM) in structure,
the interference to all other users due to heartbeat users increases as follows:
Effective average Ec/Io (all HB users) = 10* logl 0(N)-40. 9, where N is the
15  number of users.
Thus, for 96 users of a given base station, the average total interference will
equal the burst Ec/Io or-21.084B.
While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
20  ip the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



Probability of false detection for 3 sequential 1.00E-06 30 Required no

fal se detection trials 462 Probability of false detection for Td 4. 62E-04
-19- To reduce the probability of false detection, three sequenti al
detections were required to validate a single detection. Since the
probability of false detections is nultiplicative in this case, the
probability of a single false detectiggm.is cubed. Table 3 bel ow cal cul ates
t he average Echo (energy-per-chip per the 5 interference density, which is
the SNR integrated over the entire chip) required to achieve the statistics
of Tabl e WhatliABl&in3ediat:get E/1 0 3 dB Processing Gain 256 10 Burst Ec/lo
-21.08 dB Average Hello -40.9 dB Since the heartbeat channel is tine
division multiplexed (TDM in structure, the interference to all other

users due to heartReat :; USRLS.: | NCT as. foll raEf fective average Ec/lo
(all HB user s)hl' = 1%*31%061& Kbss‘l%ngﬁﬁ Yer & %SWMA)BS ﬁf)lé?r of™lsers.
Thus, foko@prigs@s:s of a given base station, the average total interference

wi Il equal the burst Ec/lo or-2 LOUR Wiile this invention has been
particul arly sihrowtranehfimseditogdansmit a cledrmadnebsreio theafhanmmet heningdi ment s

thereof, it. wll be understood by those skil]e O i.n .the art that various
changes 'ranblltdfln‘? Sﬁ’ét &’Fhe§e%§h%@1trr§a}élntgh%rflé‘isﬂ W%t‘?]dﬂfhc&é‘ﬁ@rﬁh%gt om t he
scope Of shhgrlsRteihii R fr QIPARG An Y tfﬁ%nﬁ@&%»ﬂdg%\%lr@éﬂnd‘ A
clainmed is: 1. A code drvision nmultiple access ( subscriber unit

conpri si nglue indicating that the subscriber unit does not require additional

transmission resources.

2. The CDMA subscriber unit of claim 1 wherein the channel is

associated with an orthogonal code and a pseudo noise code.

3. The CDMA subscriber unit of claim 1 wherein the bit is

associated with a request.

4. The CDMA subscriber unit of claim 1 wherein the channel is not

transmitted in all slots.

5. The CDMA subscriber unit of claim 1 wherein the circuitry is
further configured in response to the bit indicating that the subscriber unit
requires additional transmission resources, to receive information and to

transmit traffic data using resources derived from the received information.

6. A method implemented in a code division multiple access
(CDMA) subscriber unit, the method comprising:

transmitting a channel; wherein the channel having a bit in each slot;
wherein the bit having a first value indicating that the subscriber unit
requires additional transmission resources and a second value indicating that

the subscriber unit does not require additional transmission resources.



circuitry configured to transmt a channel; wherein the channel having a
bit in each slot; wherein the bit having a first value indicating that the
subscriber unit requires additional transm ssion resources and a second

val ue indicating that the subscriber unit does not require additional
transm ssion resources. 2. The CDVA subscriber unit of claim1 wherein the
channel is associated with an orthoggmnal code and a pseudo noi se code. 3.
The CDVMA subscriber unit of claiml1l wherein the bit is associated with a
request. 4. The CDMA subscriber unit of claim1l wherein the channel is not
transmtted in all slots. 5. The CDVA subscriber unit of claim1 wherein the
circuitry is further configu ?d,in response to the bit indicating that the
subscriber unit r %&%ﬂ%ﬁr‘i 713p 8 Wherena the shapnelds agpewated; witharei ve

i nformati t i ffjc ta using resources derived fromthe
recei ved O?E}f%a%éai ?%dne. gﬁaﬁsﬁ?ﬁgpég‘gl#eﬁﬁﬁgﬁent ed in a code division multiple
access (CDMA) subscriber unit, the nethod conprising: transmtting a
channel ; wherein the channel having a bit in each slot; wherein the bit
havi ng a first.val (e nditbadiefgclaimat 6t whemihsthrd bétr isirssociatguiwids a

addi ti onal tra%nsm' ssion resources and a second val ue indicating that the
subscri béF9Ufitt does not require additional transmission resources. -21- 7.
The net hod of claim6 wherein the channel is associated with an orthogonal
code and a pseudo noi se code. 8. The nethod of claim6 wherein the bit is
associ ated w t9h a Thegmethod & cldine 6nehé&edn ohe chahnelGiswheteamsrhiteecrannel i s
not transmtted in all slots. 10. The method of claim1, further

conpri si iyt slots.

10. The method of claim 1, further comprising:
receiving information and transmitting traffic data using resources
derived from the received information in response to the bit indicating that

the subscriber unit requires additional transmission resources.

11. A base station comprising:

circuitry configured to receive a channel; wherein the channel having a
bit in each slot; wherein the bit having a first value indicating that the
subscriber unit requires additional transmission resources and a second
value indicating that the subscriber unit does not require additional

transmission resources.

12. The base station of claim 11 wherein the channel is associated

with an orthogonal code and a pseudo noise code.

13. The base station of claim 11 wherein the bit is associated with a

request.

14. The base station of claim 11 wherein the channel is not received

in all slots.



receiving information and transmtting traffic data using resources derived
fromthe received information in response to the bit indicating that the
subscriber unit requires additional transm ssion resources. 11. A base
station conprising: circuitry configured to receive a channel; wherein the
channel having a bit in each slot; wherein the bit having a first val ue
indicating that the subscriber unit.ggquires additional transm ssion
resources and a second value indicating that the subscriber unit does not
require additional transm ssion resources. 12. The base station of claim1l
wherein the channel is associated wth an orthogonal code and a pseudo

noi se code. 13. The base station of claim1ll wherein the bit is associated
with a reque§5 14 heThasey station of jchminpllc whieseing th cireuitrynis Bthetel i s not
recei ved wherein the

ool tronflefind RLFDaned & 08 vit SRRt B I ainefBk Bl pREFE 0, Tre

subscri beduwiiall fanshBSsioRGdisbiRRY] té 2RSS IfBrmasioH 888 tol fedeivNSM t
information and to receive traffic data based on the resources derived from

t he tr ansmfificecita basedranitbe resources derived from the transmitted information.





