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COVMUNI CATI ON SYSTEM Field of the Invention 5 The present invention rel ates
generally to the field of paging in a wirel ess comrunications system and
nore specifically to inproved nmethods and apparatus for efficient two-stage
pagi ng. Baek®toos#23a10 In a wirel ess communi cati on syst @i¥/UBHES/IEI7ons of
sleep state and paging are inportant to provide network connectivity to a
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resources. Paging In ves waki ng up reless termnal periodically from
t he sl eeptwsitsadge pagidg. operating the wireless termnal to receive and process
pagi ng nessages (if transmtted) in a 25 downlink, e.g., in comrunications
froma base station to the wireless termnal. The base station wusually
knows whepadidpgod € ess term nal shoul d wake up. Thus, if the base station
intends t0 contact, or page, the wireless termnal, the base station can
send ¥ pagi ng nmessage in a downlink paging (DLPG channel at the tinme when
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Sleep state provides a wireless terminal with a mode of operation to minimize battery

power consumption by shutting down the whole or part of the terminals transmit/receive
circuitry. In addition, in some systems, a wireless terminal in the sleep state is not allocated any
dedicated air link resource and therefore a large number of users can be simultaneously

20  supported. During time intervals where the wireless terminal has no traffic activity, the wireless

terminal can stay in the sleep state thus conserving resources.

Paging involves waking up the wireless terminal periodically from the sleep state and

operating the wireless terminal to receive and process paging messages (if transmitted) in a

25  downlink, e.g., in communications from a base station to the wireless terminal. The base station
usually knows when the wireless terminal should wake up. Thus, if the base station intends to
contact, or page, the wireless terminal, the base station can send a paging message in a downlink
paging (DLPG) channel at the titme when the wireless terminal will wake up and monitor the
channel. If the wireless terminal does not receive any message for it in the DLPG channel, the

30  wireless terminal can go back to the sleep state, Otherwise, the wireless terminal should carry
out any operations specified in the paging message. For example, a wireless terminal may just
receive the messages and go back to the sieep state, Alternatively, the wireless terminal may

access the base station to establish active connection with the base station.



-2 The time interval between two successive wake-up periods is called a
paging cycle. It is during the portion of the paging cycle when a wireless
termnal is not doing processing related to receiving a page that a
wireless termnal can operate in a sleep state. In order to maximze the 5
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frequeptly, which is unpractical. Therefore, there is

However, a large paging cycle (which conserves power) results in a large paging latency,
which is not suitable for various emerging services, such as push-to-talk. These emerging
services may require a very small paging latency, e.g., cycles well under a second, to give a user
a sense of an immediate response. For example, in a push-to-talk system, to minimize the call

25 set-up time, the desired paging cycle may be about 100 milli-seconds, which is much shorter
than what many known paging system can support. Note that the with known paging systems
such as that used in IS-95 it is unlikely that these systems will be able to simply reduce the
paging cycle dramatically to meet such a requirement. This is because of the large amount of
battery power consumption required in each wake-up period in the known paging systems due,

30  in part, to the channel estimation process. In such systems if a small paging cycle were used, the
amount of power consumed due to the frequent wake-up operations would result in a user
having to recharge the device's battery very frequently, which is unpractical. Therefore, there is

a need for an efficient paging system that can meet the [ow paging latency requirements of these



a need for an efficient paging systemthat can neet the | ow paging | atency
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15
Brief Description of the Figures:
Figure 1 illustrates an exemplary wireless communications system that may use the
paging methods of the present invention.
20

Figure 2 illustrates an exemplary base station implemented in accordance with the

present invention,

Figure 3 illustrates an exemplary wireless terminal, implemented in accordance with the

25  invention.

Figure 4 illustrates exemplary downlink first and second paging signals in accordance

with the present invention.

30 Figure 5 illustrates exemplary downlink first and second paging signals illustrating

information conveyed in accordance with the present invention.



usi ng 8 paging groups in accordance with the present invention. Figure 7
illustrates downlink two-stage paging signaling in another exenplary 5
enbodi ment using 8 paging groups in accordance with the present invention.

Figure 8 illustrates downlink two-stage pagi ng signaling in another
exenpl ary wobBodiges using 4 paging groups in accor dand§STHHSOHRSr esent
invention. 10 Figure 9 illustrates the downlink two-stage pagi ng signaling

of Figure 8, acknow edgenent uplink é‘i’gnal ing, and timng rel ationshi ps
between the signaling in accordance with the present invention. Figure 10
i |l ustrates anFiguempllestrates dpwhlinkione-stagh @rging sigealingan pbercsahasmbpdimenay be
15 used for, first paging siagnals i .th the present invention.
Figure 111§ %8?5’%\? ”%ﬁ&a%‘g’rf&é‘%e‘ﬁg'i‘g‘%@%ﬁ@@%ﬁﬁ?‘%m nodul ati on schene
(using on/off keying and orthogonal phase nodul ation) that nmay be used for
first paging signals in accordance wth the present invention. 20 Figure 12
i1 1ustrates anFigerpilastptardonatnkovooiiree £pEIRG S8 HHEdN _e'aqi'eqf&hﬂa &Ygener ati ng
pagi ngssi gRghEmeht @ﬁg%ﬂgﬁg%ﬂw & th 4cB6rdRIcB B thé éeuat in9Batidni gure 13 _
illustrates an exenplary t og of operating a wireless termnal to receive
and 25 process paging signals in accordance with the present invention.
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i nvent i onemBadikentusag 4pagingGuaps w scebrswe wdthrtheipleseneingentiombi | e devi ce,
power consunption requirenents associated with paging, as conpared to known
paging techniques. WO 2005/125234 PCT/ US2005/ 020257 -5 In accordance with
the prgsent | nighiiifua PR RhmIRERo Wk heMylddnllifs & FIBdES; A T r st
pagi ng signal 1s used to indicate whether ‘a paging nessage is being

t ransnmi t t ecknowlaggemens uplinkignalingland timingaelatenships hptgen the signghiefiip of wirel ess
termnals. \Wen th irst _pagi signal indicates that a pagi ng nessage is
bei ng traﬁ%cr?lrfap(‘éed‘?ﬁé{helpéegg'ﬁ I%ﬁgg%[hdi tional paging signal, e.g., a 5 second
paging signal, is transmtted. In nost cases, the second paging signal is

transmtted following the first pagin i gha e.g.,. at a fixed ti of f set
fromthe firstF lﬁafj’ly\frqdﬁ'éﬁtrﬁﬁélml.’ eWFg‘?r%’W%gs '{i&ﬁ'ﬁ@*‘@%‘& r’?‘?ﬁ“}ﬁ“ﬁﬁlscqeh’)édléattglfﬂ%ﬁe if a
page 18 b@idudot fiRNSRIrgtsBfhalsGn hédtBrdahécaliSMe present invention,

Figure 11 illustrates another exemplary non-coherent modulation scheme (using on/off
keying and orthogonal phase modulation) that may be used for first paging signals in accordance
with the present invention.

20
Figure 12 illustrates an exemplary method of operating a base station and generating

paging signals in accordance with the present invention.

Figure 13 illustrates an exemplary method of operating a wireless terminal to receive and

25  process paging signals in accordance with the present invention.

SUMMARY OF THE INVENTION:

The present invention is directed to paging methods and apparatus. The methods and
30  apparatus of the present invention can be used to reduce wireless terminal, e.g., mobile device,
power consumption requirements associated with paging, as compared to known paging

technigues.



termnal or to a device within a group to which a particular wreless

term nal bel ongs, without 10 having to perform channel estimtion
operations, in various enbodinments, the first paging signal is transmtted
using a type of nodul ati on which does not require channel estimte_

i nf or mat i orWORYS/1E@30di ng. The second pagi ng nessage i s BIPBIBHP2E¢ ansmitt ed
using a different type of nodulation than the first type of nodul ation,
e.g., a nodul ation nethod which uses ©hannel estimation information in the
denodul ati on process. 15 In sone enbodi ments, the first paging signal is
transmtted usinageaidansn with e REptent Ppenten, Pagescss a0t bﬁiﬁnweﬁlp 1135 first

nodul ati op, . or & i [ i i such
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signals. Acemd gﬁgﬂ@l Fgnal N r4@iaieann Mostehat afe ScgnBpgingdgnalis wahinibe decoded
qui ckly without having to take the time to obtain and/or use channel

i nf or mat i WloMing thefikpaginsHesh 6ot 2 finghwne Atscham te fich PraesHEles use
channel information for decoding of the nodul ated signals. Accordingly,
whi l e often supporting higher coding rates 25 than non-coherent nodul ation
t echni ques, cofierléow a mirdlebateiminalitayetemjod if @ pagalie Peioe traosraigied t the pireless
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but ned nESESSRAIPelfyrmathanfeRasthititdperatib®, fnl vafibuaghodimairg el fisneigindeinilewer
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may be t r ériganpmited using a poe @Emeawatikgwhigh goes ngereyis chapngheelimaln HtorAHOY ™ k nown
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t erm nal smrﬁiﬁ&?ﬁ@s manner , ﬁb%}%%sn%&lsjs at"m?he Spr eget e{;"lérjna r]ea3 tni ﬁ’eﬁn a nobile
can recei wedalatorbenthe figsttypesf mpdyianep, siggranodulation methadrgiictpesgs elpna¢ignal

i ndi cates that. a. 2005/ 125234 0Q5/ 020257 -6 pagi ng nmessage has
been tranS?Hf?%"Sa}‘}?é)f."&?‘f’“ f%‘%S%E%EA;‘}%{"ﬁgW%%' signal or using nultiple

addi tijgnal paging signals, the nobile device remai ns awake and generates

t he necessary channel information which can be used to decode the secgnd
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one
such embodiments, the second paging signal is transmitted using coherent modulation.

Examples of coherent modulation include quadrature phase shift keying and quadrature

20  amplitude modulation. Non-coherent modulation techniques do not require channel information
for decoding of the modulated signals. Accordingly, non-coherent modulated signals can
usually be decoded quickly without having to take the time to obtain and/or use channel
information in the decoding process. Coherent modulation techniques use channel information
for decoding of the modulated signals. Accordingly, while often supporting higher coding rates

25  than non-coherent modulation techniques, coherent modulation may require a device to spend
time acquiring accurate channel estimates and/or other channel information before the device

can reliably decode the coherently modulated signals.

In some, but not necessarily all embodiments, the first paging signal includes fewer
30  information bits than the second paging signal. The first paging signal may be transmitted at
predetermined, e.g., periodic times, and have a known relationship to a particular wireless
terminal or group of wireless terminals. In this manner, by waking up at the predetermined time

3

a mobile can receive and decode a first paging signal. If the first paging signal indicates that a



device in a group of wireless termnals, the second pagi ng signal includes
sufficient information, alone or when taken in conbination with information
inthe first paging signal, to determ ne which particular wireless term nal
in the group to which the first paging signal corresponds, the 10

transm tt edVpPagiigs¥essage is intended for. In sone enbdiWeRPE/ERE” second
pagi ng signal includes all or a port|6on of a wireless termnal identifier
used to identify the wireless termnal” with a sector, cell or systeminto
whi ch the particular second paging signal is transm tted Pagi n nal s,
e.g., fir pegingwessegotrd bprigrangmiicgrfag-sin 2PagonEPagiag Fl«gaﬂ@apwygfm&wgﬁc{ agal 15
e.g., accq f case where a
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transm tt édprmaben smhmbrwdn pagsedgo ddécgdathe s¢oondh pagimsiignl shoh indedesialoed with t he
particular fi rs(Ei E‘?ﬁi ng signal may go unused. More than one paging signal
modul at ed PRiUPA °52 f¥%#bdul ati on met hod may be 20 associated with a
first paging signal nodul ated using a non-coherent nodul ati on method. Such

an enbodinment is particularly well suited for inplenmepntations where nmultiple
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104. Each G&dnissidn@idt adsoddéed vafel the particular first paging signal may go unused.

More than one paging signal modulated with a coherent modulation method may be
20  associated with a first paging signal modulated using a non-coherent modulation method. Such
an embodiment is particularly well suited for implementations where multiple wireless

terminals, €.g., a group of terminals, is associated with a particular first paging signal.

Different embodiments may have different types of paging cycles and/or paging

25  intervals.

The methods and apparatus of the invention can be used with numerous different types

of communications systems including CDMA and OFDM systems.

30 Numerous additional features, advantages and embodiments of the methods and

apparatus of the present invention are described in the detailed description which follows.



M 104) includes a base station (BS), (BS 1 106, BS M 108), respectively, and
represents the wreless coverage area of the base station. BS 1 106 is
coupled to a plurality of end nodes, (EN(I) 110, EN(X) 112) via wreless

i nks (114, 116), respectively. BS M 108 is coupled to a 15 plurality of end
nodes, (EN(WORUSABISEN(X ) 120) via wireless |inks (122 PCRASPUOSIOESRECti vely.
The end nodes 110, 112, 118, 120 may _be nobile and/or stationary wrel ess
cormmuni cati ons devices and are referi’ed to as wirel ess term nal s (W's).
Mobil e WIs are sonetinmes referred to as nobile nodes (M\s). MN\s nove

t hr oughouDetajled Bescrimtiones 1 106 and BS M 108 are coupled to network node
126 via network links 128, 130, respectively. Network node 126 is coupled to
20 other network nodes and the Internet via network link 132. Network |inks
128, 130, 132 Fgyre lbﬂustnateg an ekérmﬂarym;jteﬂass cahesicatibhesystegt HY) implameaniedan t he

present invenfion OFDM wi rel e tlons
system 106“%‘%8?%‘?’@3%? pffﬁg‘?j lg‘fea{??rbﬁég'?@aﬂywmé@s EOT%?IC%?%]%%%%%}%M si gnal
25 i nf or mgbQnp baﬁinudmm tdrthagorﬂaﬂeqwn@ cﬁﬂ&bﬁ mulksilegng)engtiple AaRscolement
nodul ati on _and second ]%? gnal s, e.g,, using coherent aﬁdul atjon, to

ENs (e.g. VENeEp exarpplan;Q WIFFéCSéé‘Pmme@C@}lO"ééYSFemTUi?ﬁzw thig agpliceron 496 BS i s
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20 other network nodes and the Internet via network link 132. Network links 128, 130, 132 may

be, .g., fiber optic cables.

The paging methods of the present invention may be used in exemplary OFDM wireless
communications system 100. Individual base stations (e.g., BS 1 106) transmit paging signal
25 information including first paging signals, using, €.g., non-coherent modulation and second
paging signals, e.g., using coherent modulation, to ENs (e.g. EN(1) 110) within the cell (e.g. celi
1 102) in which the BS is located in accordance with the invention. ENs (e.g., EN(1) 110)
receive the paging information and may respond, e.g., by sending one or more acknowledgment
signals, in accordance with the methods of the present invention.
30
Figure 2 illustrates an exemplary base station 200 implemented in accordance with the
present invention. BS 200 is a more detailed representation of a BS 200 which may be used as

any one of the BSs 106, 108 of system 100 shown in Figure 1. Exemplary BS 200 includes a



Menory 210 includes routines 224 and data/information 226. Processor 206,
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Data information 226 includes data 244, first paging signal system information 246,

second paging signal system information 248, paging requests 250, first paging signal messages
252, second paging signal messages 254, acknowledgment messages 256, paging signal power
information 258, and wireless terminal data/information 260. Data 244 may include data (e.g.,

25 user data from a communications session with a peer node) to be transmitted to WTs 300 and/or
data received from WTs 300.

Wireless Terminal (WT) Data/Information 260 includes WT data/information for each of
a plurality of wireless terminals 1...N, e.g., WT 1 information 282, WT N information 284. WT
30 1 info 282 includes data 286, terminal identification (ID) information 288, Internet Protocol (IP)
address information 290, paging information 292 and mode information 294. Data 252 may
include data received by BS 200 intended to be forwarded to WT 1 and data received from WT 1
intended for a peer node of WT 1, e.g. WT N. Terminal ID info 288 may be a base station



for W 1, power level of transm ssion and additional paging information such
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other subsets of tones. By using a subset of contiguous tones including a few tones, assuming
that the channel doesn’t vary too much between the tones of the subset, it may be possible to
recover data on the tones without performing a channel estimate in some cases where non-
coherent modulation is used. The modulation information 264 may include information used by
25  the first paging signal module 238 to control operation of the first modulation module 220 to
implement a selected non-coherent modulation scheme(s) ta modulate the information of the
first paging signal messages 252 and transmit the first paging signals, in accordance with the
present invention. Exemplary non-coherent modulation schemes may include on/off modulation,
orthogonal modulation, and differential modulation. The non-coherent modulation schemes
30 implemented may use code words and may utilize phase information as well as amplitude
information depending on the non-coherent modulation method that is used. First paging

information bits 266 include the information bits in a first paging signal message 252. First page

information bits 266 may include group identification (ID) bits and extension bits. Group ID bits
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Second paging signal system information 248 includes tone information 272, modulation

information 274, second paging information bits 276, WT identification information 278, and
timing information 280. Tone information 282 may include a set of tones defined to be used for
transmission of the second paging messages. In some embodiments, the tones used may follow

25  a hopping sequence. Modulation information 274 may include information used in a coherent
modulation scheme (e.g., Quadrature Phase Shift Keying QPSK or Quadrature Amplitude
Modulation (QAM)) used by the second paging signal module 240 to control the operation of
the second modulation module 222 to modulate second paging information bits 276 of a second
paging message 254 into a second paging signal. Second paging information bits 276 may

30  include bits used for paging identification and bits used to convey additional information such as
information providing specific paging instructions to the paged WT 300, Examples of
instructions that may be communicated by the second paging message include transition to an on

state, receive timing control information, send timing control information, send power control



second paging information to identify that WI 300 is the specific intended
reci pient for a second 5 paging signal nessage 254. In sone enbodi nents, the
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are messages to be transmtted to Wis 300 conveying 25 second pagi ng
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response to the successful reception a second pagi ng signal nessage 254
i nt ended fhsrBY 30 is froleansmt spendoesing %Ssé&%@éws@aﬁén@?ﬁh %%@@bbez%gﬁﬂﬁ 30 be

a short ; ol rahd. - ] cte
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e
2005/ 285234, RAIh&IBA N RAOZAAA (Althentication Accounting and Authorization) server, a peer
node, etc. First paging signal messages 252 are messages to be transmitted to WTs 300
conveying first paging information bits 266. First paging signal messages 252 are modulated
using a first paging non-coherent modulation scheme, in accordance with the present invention.
Second paging signal messages 254 are messages to be transmitted to WTs 300 conveying
25  second paging information bits 276, such messages 254 are modulated using a second paging
coherent modulation scheme, in accordance with the present invention. Acknowledgement
messages 256 are messages received from WTs 300, Acknowledgement messages 256 are
transmitted by WTs 300 to BS 200 in response to the successful reception of a second paging
signal message 254 intended for the specific WT 300. The acknowledgement message 256 may
30 be a short message, (e.g. one or a few bits), and is transmitted at a predetermined time (e.g., at a
fixed time offset with respect to the second paging signal message.) In some embodiments, the
acknowledgement message 256 may be expected to be received by the BS 200 before the

designated time for the next potential second paging signal message. This allows for
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routines . t-al i 0f.qr I i t he
transm ¢ S o e e o b e R 252
and secongagiaginegva ragerakd e seage pagighnedsageyE§4 Bddded forthe g6upioertactethe he
receiver %7‘2'6 600 rlecei ve signals (including acknow edgenent nessages 256)
from Ws e lﬁei‘?ﬂgﬁg nodul e 236 uses the data/information 226 i ncl uding
first jpaging signal timng information 270 and second pagi ng signal timng
information 280 to control the timng of the transm ssion of first and
second pagi ng fre@BHaEations poutipey228amplemepbige Kyl GABRMUFHSALoNSs Ppagacaisyssd by
data/info Lon, . i e | ; [ I f; i.ghal
System i nfet 2 e Sl QAL SR I Lt s Sk SRS,

pagi ng si gmalstaties maypdmgperativrooftbatecalert24@, thansmitter AR wéhaedilong ofvders.@o220 t o

AN NG ETRE SR N S R
Secondp  station control routines 230 include a scheduler module 232, signaling routines 234, and a
timing module 236. The base station’s scheduler module schedules WTs 300 for uplink and
downlink air link resources (¢.g., bandwidth over time). The signaling routines 234 use the
data/information 226 to control the operation of the transmitter 204 to send signals (including
first paging signal messages 252 and second paging signal messages 254) to WTs 300 and to
25  operate the receiver 202 to receive signals (including acknowledgement messages 256) from
WTs 300. Timing module 236 uses the data/information 226 including first paging signal timing
information 270 and second paging signal timing information 280 to control the timing of the
transmission of first and second paging messages 252, 254. First paging signal module 238 uses
data/information 226 including paging requests 250, first paging signal system information 246
30  and WT data/information 260 to generate first paging signal messages 252, to control the first
modulation module 220 to perform a non-coherent modulation of first paging signal message
252, and control the transmitter 204 to transmit the modulated signal to WTs 300. Second

paging signal module 240 uses data/information 226 including paging requests 250, second



pagi ng signal nodul e 240 uses data/information 226 including paging requests
250, second WD 2005/ 125234 PCT/ US2005/ 020257 -13 pagi ng signal system

i nformation 248, paging signal power information 258, and W
data/information 260 to generate second pagi ng signal nessages 254, to
control thewegewnassodul ati on nodul e 222 to performa @&T@?%PHS/"WB'{JI ation
of second pagi ng signal nessage 254, nd to controt the transmtter 204 to
transmt the nodul ated signal to Ws 460. I1n some 5 enbodi ments, the second
pagi ng signal nodul e 240 nmay be activated by pagi ng requests 2\3(% and when
no pagi ng prsingiagnal systam WEPHEHPT &% pagivg sigtd PRI SIS nodul e i s
not activated. Ackn feoS : t e kel ver 202
to processdg[taféafi1c %‘g\ﬂ 5gébngogﬂ&%n%%ssggdggT’%éggggtqelﬁ/%%%?f% %/c\%lj'és&g%gﬁl n response to
second pagicdgladbgmaliule 825 eqmesn? 5 4ohebait modiledemefsecanidgraging siga el reessage 254,

i or mat i ST BG9nEH! (R TIA A CRE Ao L U /AT 50 1R g DETE
whet hek Ol BBdinRnts &thé §28Hd ﬁa‘:‘giiriy‘si?fal oS MTmpRLE Mgivated balpaging ragest2B0, i s
required, e.g. at a higher signal power level. Figure 3 ill ualtgr ates an

exenpl ary anfl WaPreREPAREIETEAHES'S @ErReingduRLsssdohs sRSPRhRARNES BN TEIUE L% ance with
the pr o5 Sk ipathas %kg@kngﬁeﬂ{ml S5h #@lﬁg%mt@ﬁ thSRPei sk 280 Yo PRBeRl the WIs

110, 112, tem emplary wireless termnal 300 includes a
recei ver 3fhowtaigplesiinéssagen 25hteetingl 32 WEs 300ansispenseto $@andpagplgstEnab an

antenna 318, a cessor 306, and 308 which are I t oget her
o bue stewpel i Rer el Dol molTE At Lol Pt RiGabRHELEA: ' 09
dat a/ ijof orpEtdgeyn5620 pRaaLhokabwRAgerice Riforafaticlo29H oM Tslagriafos26Dr ehicBS (260

including first and second paging signals in accordance with the_present
i nvent i on.e-gRée etorrnebetherar nalksreansTy $on 98 ABeroNd PRERS SIBRY MEs4§8 4501d a

second de@@%&tg‘ﬁgtmgwrggglﬁm“@fe%l. denodul ation nodul e 314 denodul ates
ng sig

t he receive I'rst pag als (transmtted from BS 200) according to the
non 25 coherent nodul ati on schene enpl oyed in accordance with the present

i nvention. Secgnd nodul ati on _nmodul .e 1316 de ul.at e received second
pagi ng si gnal s%{gt“Feaﬂﬁletf#%qoa"fef‘gﬂP]ég wiEloy ?ezg@gg? gelnﬂao?eﬁ 3pﬁém B%W&?tgﬁn

nodul atsi omc&ﬁdnﬁ\a@w&ﬁmfﬁmdnﬂ ifvenGi6R B W 300@apbeagdtas ahueifitienw TS0
Transmitter 304 is used to transmt uplink signals to the BS 200. The
transnitt ddOuidli K8, 120 of sxstemilqe) Beanplew vawestigandak 30 igeludes 3mpei ¥ pohse to

recei ved RGOS TRSR@ARS3 1082 Gansnitdr®04 coupled to an antenna 318, a processor 306, and a

memory 308 which are coupled together via bus 310 over which the various elements can
interchange data/information.
20
Receiver 302 receives downlink signals from BS 200 including first and second paging
signals in accordance with the present invention. Receiver 302 includes a first demodulation
module 314 and a second demodulation module 316. First demodulation module 314
demodulates the received first paging signals {transmitted from BS 200) according to the non-
25  coherent modulation scheme employed in accordance with the present invention. Second
demodulation module 316 demodulates the received second paging signals (transmitted from BS
200) according to the coherent modulation scheme employed in accordance with the present

invention.

30 Transmitter 304 is used to transmit uplink signals to the BS 200. The transmitted uplink
signals include acknowledgement signals in response to received paging messages (e.g., with

each acknowledgement corresponding to a received second paging signal intended for WT 300).



each acknow edgenent corresponding to a received second pagi ng signal

i ntended for WI 300). WD 2005/ 125234 PCT/ US2005/ 020257 -14 Menory 308

i ncl udes routines 322 and data/informati on 324. Processor 306, e.g. a CPU,
executes the routines 322 and uses the data/information 324 in nenory 308 to
control WI w8QWsaest3 o performroutine wireless term nalP@PE2S0YRST (e. g.
receive downlink traffic channel information, transmt uplink traffic
channel information, performW power-l¢ontrol operations, 5 performW
timng control operations) and inplenment the paging net hods of the present

i nventi on. RouMen@sy 3®2n¢lndds wolginas B;Mrda@anﬁounglqﬂcﬁiﬂl Reocgsser HMulS:&i # el ess

ol o- 336 UrhireuetArvge v e oG RRRICT S Pl adeth Filtafwin M 10

det ecti on3omehd 8 pdddmariltide WREORAeRAGI agerai@@aé g. dmtmé dmlmkutttﬁﬂacec}ﬁﬁl&l
Dat a/ i nformati on 324 i ncl udes data 338, first E 1% gvfragnal ﬁstem

i nf or mat i Momtismfanﬁléﬁéﬁléfﬂﬁﬁﬁjfl%f‘@ﬂﬁh'éfP“%%}’é’P WEFO3US! OPFTlgRY o g

first paging RGRAbMARNERE BihBas & tBOPesdRES Sages
346, pggl mmgggén@%?% égtiberlls)e{: g n \/\?'@?ér?or mat i otn 580 Data 338

may i ncl uaie/enkanraR()etJrgps 32umeludel acammnnleatw@@l rcfu@ne 326w wigrders tgrinal control

conmuni cat i ons SSi ta
recei ved F‘?%W’FSB%% 1565c5]n§§g|n_:11¥1§{0 ‘;Qé %g SI ﬁtﬁ@ﬁpg P %g?%ﬁ)@ﬁﬁ%gﬂﬁgﬁgé

i ncl udes BQ@ﬁlclLﬂEQIﬁE’@ifph@ﬂg GipRal demetithahddole 334nho b setohd pa@id sighdl detkectipmgi ng
information bits 356, association info :ﬁga%ll on 358, a d

t
i nf ormat i 6 33@36263‘¥6ﬁ@7‘?aﬁf369%t“%‘ﬁ3%‘5‘? ﬁb?ng‘ég Sg2 ‘iyéngém?cgmB%mhsed in
the sijgnalgy %95&8%@%9%&@%&2 r@ﬁ%f ornfiEi6h v rédefvé& fl%ﬁh%iﬁlg éigﬁma{esﬁ@mes 344.
nf or mat 1 on I

Tone i ne subsets of the ones, In some
enbodi rrentrez:,eweaedwoncbml@mgel massygas 34 6. pdeing @dmogmsigsmprﬁymsws 3herd Wand a

first fgﬂ%a%gﬂgglgt b ns 2111;[0 vﬁg d9(¥1 rg? ? a&gd?ﬁ"a rnerideg WE&EJ e RPVET

applled t transm ss on is applied to

t he ot her csmbmicaticik sés@i@ﬁ&zlthVWErBOO)Sﬁoﬁﬂ t:anslubs@toﬂﬁzmﬁarmmata: rgeedeesl froomBS, an
assunption may be made that the channel doesn't vary too much between the
tones of tH® subset. In such a case it may be possi bl e, depending on the
nmodul gki on schenme and channel conditions, for the WI 300 to recover the
transmtted data included in the received first paging signal nmessage 344
wi t hout per f or iﬁrstgvasmg signalslysters infpmmasion 340 Mludessigne wiorontipmB ot medpleos54 nay

I nclude i E oLy 1on ?4"*81" fpagﬁén}t}gm‘( uo@‘mt?%ﬁ[ g‘tgll“gssgcqﬁé)allgt%ﬁ% n83%8n£1(al1! n%ng’34 to

control opera I rs on no use one
information 360.

20 Tone information 352 may define the tones to be used in the signals corresponding to the
received first paging signal messages 344. Tone information 352 may also define subsets of the
tones. In some embodiments, each tone subset may include contiguous physical tones, and a first
paging signal is transmitted by BS 200 with transmission power applied to one subset of tones
while no transmission power is applied to the other subsets of tones. When using a subset of

25  contiguous tones, an assumption may be made that the channel doesn’t vary too much between
the tones of the subset. In such a case it may be possible, depending on the modulation scheme
and channel conditions, for the WT 300 to recover the transmitted data included in the received

first paging signal message 344 without performing a channel estimate.

30 The modulation information 354 may include information used by the first paging signal
detection module 334 to control the operation of the first demodulation module 314 to use one
or more selected non-coherent modulation scheme(s) to process (demodulate) the first paging

signal and obtain the information of the received first paging signal message 344, in accordance



or nore sel ected non-coherent nodul ati on schene(s) to process (denodul ate)
the first paging signal and obtain the information of the received first
pagi ng signal nessage 344, in accordance WO 2005/ 125234 PCT/ US2005/ 020257
-15 with the present invention. In perform ng non-coherent de-nodul ati on WI
300 does not need, and does not, establish a channel estinmate or rely on

the hi st or yWORWEHARAE! conditions in order to denodul atE AP Eve the

transmtted i nformation. Exenplary non; coherent nodul ati on schenes may
i ncl ude on/of f nodul ati on, orthogonal” Yodul at i on, and differential
nodul ati on. 5 The non-coherent nodul ati on schenes i npl enen use, code

t ed
wor ds and wiiyhapreseptiavestias dn perparingaerosPharsa) Grmadgrianud qoﬁfd(?% e First
pagi ng i nf,of g@g hQPeg?étﬁélé% gﬁanéelq:'sﬁ'ﬂgtctopﬁej)i & @k MRErPBf SHahellcBndtisRGE biR#of | 1 St

pagi ng sign nessage Irst page information bits 356 nornally include
one or nodemgdubapaidiehievs thel@nsmicted myormation. Bremplarenpni-enhergnt wodulgtiip 1D bits

i ndi cate ich specific i f. an h t- 1S .hej ed by
the rocel Suet FBT s A oD BriateBetngdd RoER RS bl Bl RELSRIBEATE 2

pr e- sekectrge nslodRfenOmolilhsorugBen@timpletested tay afe anielwddds ardandyi ftiliee plasei gned
toa W in the group, e.g. .a set of mask bits corresponding to the first n
bits of thdommiigyapdiecamapl ‘é@i‘@ﬁ?@ﬂat{oﬂ' the WI's in the group. Thus, in such an
enbodi ment, the Goup ID bits may be a pre-sel ected 15 nunber of bits, where
each set of Goup ID bits is a unique pattern of a pre-selected nunber of
bits at the st Hirst paginginfirniatienbits 3 ¥rincledeghe inforsnation pithiagiaessiived firgitpagieg each
mask bit corr.espond .a ni. gue t [ | D
bits) of CREITTOE 3Tl o Ph bR ML oo\ bR T TR |
bits wbi chndraytibiflladxtdnbion bits. IGrbuPADbiBgndieas agieh tspedificigroap,af idyahas\dTs 300
within a group should | ook for a second pagi ng. nessage at ti u Iy
associ at edospbenthyt P é‘“ﬂg P?%’fié’ﬁ{ ttheng%YEdr}E%t%%é‘g g‘rﬁ“%‘i ”E‘f‘s‘garg&@‘ﬁgr lli’s(g"g“ﬂﬁg E’l’és

mul tipl e Wazabgg%ré%él&'t&l imHeNSH Bis GEQUR Q08 ofle@cPW TRRGRHieRhssidA8d BAIMWTHh e,
and the norfmal |y used second pagi ng nessage, at the predeterm ned tineg,

does not Ievesoun £ i, @isetral muak his eojrespndiag g the fisst ki@ ofrheilB addrpgenassigrsdPi on

i nfornati . acl S I [,ak ] i I 25
Gent 111 eqty 18 LB s Thi B {8 b P BERAGH bt Ol DG L L8O B0
i nf or gt i @omeefdf bits)gvheydeoh b of GedupfIDrbitk is Siniqurgiangmg apageclignabbef sfom BS

200. For exanpl e, in_sque enbodi nents timng informati on 360 defi nes the
speci fic GHDVIEGHELPE apﬁjrlf@af(@)en\&&urﬁ st ?fH%asg]Gngw@FﬁaC grask pit Fasresponls iy

nessage SiygRal picaNGahSR! (8 otfer PRSI bikth 6F M kir 8BS BF al WT IPERBARLs. | Nt er val
bet ween successive first paging signal nmessages 252), paging interval

(repeat i fixensigh bivemaraaludobitgehichimes e baf en yfiksepagingpaessagpstofiadicale Hagiviy
group), a%% %thﬁeaaé}&ﬂ) &loglkﬁoéiéi%ga ge%%n& ﬁaagﬂisgrﬂlésﬂg%r}t a time usually associated with a
20 different group. Extension bits may be used where multiple WTs 300 within a single group need
to be paged at the same time, and the normally used second paging message, at the

predetermined time, does not have sufficient capacity to carry the information.

WT association information 358 includes information associating WT 300 with a group
25  identified by a set of group ID bits. Timing information 360 may include information defining
when to look for first paging message signals from BS 200. For example, in some embodiments,
timing information 360 defines the specific OFDM symbol period(s) within the super slot for
first paging message signal transmissions, a paging interval segment (or repeat interval between
successive first paging signal messages 252), paging interval (repeat interval between two
30  successive wake-up periods for a paging group), and/or beacon slots used for transmission

timing control of first paging signals.



timng control of first paging signals. W 2005/ 125234 PCT/ US2005/ 020257

-16 Second pagi ng signal systeminformation 342 may include tone information
362, nodulation information 364, second paging information bits 366, W
identification information 368, and timng information 370. Tone

i nf or mat i onW3BEW0¥1E?Mdes a set of tones defined to be uBEHUSHPSBPEBCessi ng
recei ved second pagi ng nessage signals.in order to extract received second 5
pagi ng signal nessages 346. In sone enbodi nents, the tones foll ow a hoppi ng

sequence. Modul ation information 364 i nc%’%ﬁies i nL%r mat i.ofn used i 5
coherent nodul 2E599A PagiRg ignal system infesmatien, s Wapqgdide epp ORB%OH& ?’QDSK) or

Quadr at ur g, fiPkibh GRS BES, s@dnl P¥g intiRdtiod BitsBEBDA AbRIfREEA i PGt dhg

message signals into a received second pagin nal nmessage 346. 10 The

second pagibRganditigriag mﬁ@wag@’ém‘qnnenfglmog ég%wa udesgd 57 Of Woneydelinedia bsi ¢ s
366 Second. PRATLIG SR ARk 3oRd b %@gﬁeésék% sHiABI I biteHRub Al eRABU Bbona

i dentification 3 ERTTS S Use |on nformati on suc

i nf or met | gagipg e¢haimgsaped4d. ile spagembodimerts, wlot tongsSolléw athbppipasgedend®. 300,
e.g., transition to an on state, receive timng control information, send 15
timng control information, send power control information, send status

information, etodufRioR nfionmah 864 inBlugésTatoraRida dsed &Qﬁcdh%huﬂsdlﬂatﬁfn%aﬁeﬁ{c
nunmber of blts than first information bits 356, in accordance with

t he invents E),rQU&matlFrGBh{lﬁefShlfh rzﬁng [Qﬁ%?)rmﬂuewa@wmtqdﬁéﬁm@mn @6%89%
N t t hat
W 030071 S0 Erbautlle s BEFbE il Afec S AR TP AR DN ch BN TBAAAL i B 6. 1 N

si gnal 10me sEegecodd fagifgisipni Gneyihge déhintluilacatéomd paglhglnfmumemnn:bﬁm@ﬁay i nclude a

full identifier which uniquely identifies the W within the cell in which
it is located and/or within the system 100. In sone enbodi nents,

identification Sie&fnﬂr;ﬁ%ihgﬂﬂo&@%oh B¢ BEEERcIeMROMGséd mpa@ngm@maaoﬁ ad/orlbRs
address. I n other iments, the WI identification informati on 368

i ncl udes asphiorcpayeyiadéienaliifermasion sughagintaration pryIding ﬂ?cwemp@&msffﬁmtwes
I dentifi C\";EMB tt]ﬁ’baﬁé&@f oo, %Dﬁ'ar{sﬁ%%'t(\! &flo fﬁ@g{}ﬁce‘?@hﬂﬁ g TBRBAITondRior! nd

conbi ned e I nfornmafion conveye e group-identification Blt or
bi t s of5 t heningcaitsoohforimatien, sprabpavgr smrgmhinfmsalgeelﬁﬂstatus ingorfation, etei Sgeend
identifier of. the intended ent of t e receiyved
second paditeEnibaet S SR Sle s Bever g o Hhidferbis e PEna iR Sos
can, and r36Mm@labdoridice MRABRIIAENEERAIWTidehhifcatiBn afdein@$isn 369 nal indludd300 for a
mat ch. 30 Tjm ng information 370 includes information which indicates when

to | ook fdpfofpgiongdeying tipfa&’Tn’é)Orf@fs%va@eethgﬁ@ﬁw Bagingoi{ waveplo ifsyifethanfiile, t he
group cor ra%él?sotﬂe' a&e.ffcqm‘éﬁdeﬁqaﬁ1p1@fﬂwmbaerﬁfég%@&ﬁldqjagiﬁgvs@ﬂmﬁé‘syége\éﬁe.CERK' symbol

times with In a paging Interv durin
20 WT identification information 368 may mclude a full identifier which uniquely identifies the

WT within the cell in which it is located and/or within the system 100. In some embodiments,
identification information 368 includes enough bits to convey a full IP address. In other
embodiments, the WT identification information 368 includes a partial identifier, such that when
the information from the identification bits from the received second paging message 346 are

25  combined with the information conveyed by the group identification bit or bits of the received
first paging signal message 344, the full unique identifier, e.g., IP address, of the intended
recipient of the received second paging message 346, can be determined. The determined IP

address can, and normally is, compared against the IP address 376 of WT 300 for a match.

30 Timing information 370 includes information which indicates when to look for the
second paging message signals from BS 200. For example, the group corresponding to WT 300

may be assigned a few consecutive OFDM symbol times within a paging interval during which



WD 2005/ 125234 PCT/ US2005/ 020257 -17 they are to | ook for second paging
signals and capture a received second pagi ng signal nessage 346. Received
first paging signal nessages 344 are nessages obtained fromreceived first 5
pagi ng signals (transmtted from BS 200) conveying first paging information
bits 356. RMQ@IPERSIH| rst pagi ng signal nmessages 344 ar ePEbtarmageroksy WI 300
by using the first pagi ng signal dehggtlon nodul e 334 to control the
operation of the first denodul ation ule 314 to denodul ate received first
pagi ng signals. Decoding of the first paging signals is in accordance wth
t he non- ctlerSe gk den sagangPagiaf signalya aPB“%’ETﬁ?‘&‘ideseF?ij R3BiesIghaLnrR§ase

si gnal s. Recei ved second pagi ng signal nessages 346 are nessages obtai ned
by WI 300" by using the second pagi ng signal detection nodule 336 to control
the operation of the second denodul ation nodule 316 to denodul ate received

second Pagin9 BLaR ief ARG LA bR B A FRERL ORI RE © S

decoded in acc n sc use
nodul ag e phgnSesRRdrbaciing Horg B3l 200) dduvsying firsappongafiemation bitst 356, Rmend i on,

first and econd  pagi ng nals are d d. Received second .pagi n
s: g?\al neﬁgsgg@enm;@g'gﬂegsa%g*&“ ﬁ%@bﬁg“qd%ﬁn‘{gﬂ&% g)’l “ﬁpﬁg‘ i \}%Sttﬂ?émgé’@&ﬂﬁdgbagl ng
| nf ormat | 8%6&%%0%@@ 33P0k MoK f&g&/ﬂa@@ﬂﬁmrsm%%%ao@&%d@emmsages 20

gener at ed 00 and transmtted to BS 200 in response to the successful
recepti ondUﬁocallattSEc@mﬂ fpagraagglgsslgynlal Diecsiengd taeslirsi pagengdégnalsgs in4georgacei cul ar

T 00 b SRS el oo ARSI g6 JE P A gt gorent

nmessage 3% éth that is
transnptted at apredetermnedtlne (e.g., with respect to the second
pagi ng signal npessa nd  ma assi

ded I d) . ai
link resource Recelyec g"f@" AREIRGHE Wﬁég‘%r}ggﬁ‘&ﬁé‘?ﬁeﬁﬁ hg‘gFggP}(ﬁﬁ 3@6 Sf'?g:atrj

second pagengcJ¥8HIAREsigTll Qelbbtlin1Hodu kOB LRIV BRIPEAROK BEKBRCIAY and W 300
in regard to paging signals and acknow edgnent signals nmay follow an agreed

upon pr eddtmaodviatied m@uhddé & deeddutitd scdiyrdvsecand peging sigaale doransaredfromB0. 30
W i nf or ’T?@]q)o @ﬁg‘&ng 8?@%’7 ggﬁ s 4alg §Z31n &?&HAH&?W& [ d éghg%ggﬁngﬂéc%%gtéén%

addr ess receive ormat |

i nfornati eftdéwﬁmodﬂaﬁeahe:is%aoﬂm;aglmgm@nud eTﬁla;t i dcoorbianct mathahg intverdionofilSand00

(e.g. user d%&a intended to be Iorvvarded to a peer node of W 300) and data
recei ved P8R BESIMECMENAFrGAGmAdUIaRY: nf or nati on 374 may be an identifier

Received second paging signal messages convey second paging information bits in the

second paging information bits 366. Paging acknowledgement messages 348 are messages

20 generated by WT 300 and transmitted to BS 200 in response to the successful reception of a
second paging signal message 254 intended for the particular WT 300 that generates the
acknowledgement. The paging acknowledgement message 348 may be a short message, (e.g.
one or a few bits), that is transmitted at a predetermined time (e.g., with respect to the second
paging signal message), and may be assigned to a dedicated (reserved) air link resource (e.g.,

25 one tone symbol) corresponding to the transmitted second paging message. The timing
convention between the BS 200 and WT 300 in regard to paging signals and acknowledgment
signals may follow an agreed upon predetermined method or schedule known to both BS 200
and WT 300.

30 WT information 350 includes data 372, terminal ID information 374, IP address
information 376, received paging information 378, and mode information 380. Data 372 may
include data to be transmitted to BS 200 (e.g. user data intended to be forwarded to a peer node
of WT 300) and data received from BS 200. Terminal ID information 374 may be an identifier



WO 2005/ 125234 PCT/ US2005/ 020257 -18 for WI 300 assigned by BS 200. IP
Address information 290 may be an identifier unique to the W 300 and nmay
be base station independent. Received paging information 378 includes first
pagi ng signal information 382 and second pagi ng signal information 384.
First pagi nQV@pynals234 nf or mati on 382 may i ncl ude i nf or maPCHVSEUEPEED i n
those received first paging signal 5 ogssages 344 intended for WI 300,
including a group ID of which WI 300 is a nenber of the group. Second

pagi ng. i oAy HoakIEldady EPAOTEY AbGELARmh A0 bl AGhIEIBER rgdoa6 ey e
second pagi ng signal “nessages 346 intended for W 300 including infornmation
t o uni quel ¥T 308end may byFasg@@tion independens e Received paging yfommativn 378 meldasidnst i onal
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Communiat Thesch 3 BENG 9S00 BYP. mhEmg EPeR TOTRER T 35 aeeet e
term nal cgpj _.@bcdneg&éiﬁgﬁ 33 0nfeRRdtioR 384 Ry itk i iBAhaticRRE @ded @R re@tived e
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signal timing information 370 to activate the WT: to wake from sleep at the appropriate times to

receive first paging signals, to return to sleep at appropriate times, to receive second paging
signals at appropriate times, and to send acknowledgment messages 348 at appropriate times.
First paging signal detection module 334 uses data/information 324 including first paging signal
25  system information 340 and WT information 350 to control the receiver 302 to receive first
paging signals and to control the operation of the first demodulation module 314, e.g., to
perform a non-coherent demodulation of the received first paging signal, to recover a first
paging signal message 344. First paging signal detection module 334 also uses data/information
324 to extract first paging signal information 382 corresponding to first paging information bits
30 356 from the received first paging signal message 344, determines whether the WT 300 is a
member of a group intended to be a recipient of the page, and take appropriate action (e.g.,
activates transition back to sleep or activates second paging signal detection module 336.)

Second paging signal detection module 336 uses data/information 324 including second paging



activates transition back to sleep or activates second pagi ng signal
detection nodul e 336.) Second pagi ng signal detection nodul e 336 uses
data/information 324 including second pagi ng WO 2005/ 125234
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processing cost of receiving the channel and uses a coherent nodul ation
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20 occupies a small number of OFDM symbols 416 (e.g., less than 10) to minimize the processing
cost of receiving the channel and uses a coherent modulation method. The first paging interval
418 is followed by a second paging interval including a first paging signal 410 and a second

paging signal 412,

25 The first paging signal 406 conveys one bit of information, which indicates whether a
user (e.g. WT 300), or in general a group of users, are being paged. If the first paging signal 406
if the information bit is zero, no user is being paged. If the first paging signal information bit is
one, at least one of the users (e.g. WT 300) in the group is being paged. The operation of a user
(WT 300) includes two steps. When the user (WT 300) wakes up, the user (WT 300) first

30  receives the first paging signal 406. If the user detects that the first paging signal 406
information bit is zero, the user (WT 300) goes back to the sleep state. Otherwise, the user
(WT300) continues operation to receive a detailed paging message in the sccond paging signal

408. The second paging signal 408 may include detailed paging information, such as the type of



information bit is zero, the user (W 300) goes back to the sleep state.

O herwi se, the user (W300) continues operation to receive a detailed
pagi ng nessage in the second paging signal 408. The second pagi ng signal
408 may include detailed paging information, such as the type of WO

2005/ 125234WRCGTHI39B85/ 020257 -20 page (e.g., whet her tHel/USEYS28253sked to
access the base station or to receive additional nessages in other

wel | -defined downlink channels). Mreé¥er, if a group of users nonitor a
single first paging signal 406, the second paging signal 408 may include a
detai | ed pagi(ag., mdenti the eserif askérkto apesgetic besersagpn sotorrhesi ve ditigneuprsmgiber
for which.th e i ve
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bel ongg. In this case, the user shall nonitor paging 10 messages wWith its
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explicitly discuss .user droups a thods in
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described in Figure 4. Figure 5 in des ra h 500 of uenc on t he
vertical as§osiakgisss Srqupyio BWCIP e “S‘Hg’felu {[‘hﬁh S5 thegiper 5@6(\ Eusers,
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pagi ng signa both WIAI and WIA2 wake up and receive
the first iggatfiers Wltgmallossoﬁgembpogeth@ fralowingev pégeotexplididndipogs HBEETOMBY page
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back to theoupkaepelstate. As the first paging signal information bit is O,
t he base station 200 does not transmt the second paging signal (as
i ndi cated by dashed |line box 508). After one paging interval 518, both WAL

and WhA2 wake Fi%u?&ﬂllﬂstrzﬁé&clhé @s%?bly&atﬁm?h@rabmert d@e{s,\% ?glg%@mi deadfbedtn ti me
t2 519. Suppose that the base station 200 pages AL, "and thus sets the

first pagifrgpres ghighreisrificndeta gsaphbiop oﬁfriquemao@n thh aciticalewisi WA votimetea the  r st
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second paging sigha 2¢ond pagl ng signa Inclu € pagi ng
i dentifi erchmfncuﬁﬁgnéﬂlféﬂﬁrsqmgmgtd@lal 5(16Cﬁpt1melnl iiﬁ Ibdlb VeRAbmt PaR2ngaksiugnal
512, user a\r{g-é]écl\\lf\g {hle ffrgtlplagl\ﬁvg tsgga] 508 ulf;gct)se that thc basc sy tation 200 does not page either of
20 them, and thus transmits the first paging signal information bit = 0. After receiving the first
paging signal 506, both WTA1 and WTAZ2 go back to the sleep state. As the first paging signal
information bit is 0, the base station 200 does not transmit the second paging signal (as indicated
by dashed line box 508). After one paging interval 518, both WTA1 and WTA2 wake up again
and receive another first paging signal 510 at time t; 519. Suppose that the base station 200
25  pages WTAL, and thus sets the first paging signal information bit = 1. Upon the reception of the
first paging signal 510, both WTA1 and WTAZ2 continue operation to receive the second paging
signal 512, The second paging signal 512 includes the paging identifier of user WTA1. Upon the
reception of the second paging signal 512, user WTA1 will follow the instruction, if any,
included in the second paging signal message and user WTA2 will return to the sleep state after
30  determining that the identifier in signal 512 does not match WTAZ2's identifier. Note that though
users WTA1 and WTAZ have the same paging interval in the above example, in general

different users can have different paging intervals.



included in the second pagi ng signal nmessage and user WIA2 will return to
the sleep state after 30 determning that the identifier in signal 512 does
not match WIA2's identifier. Note that though users WIA1 and WIA2 have t he
sane paging interval in the above exanple, in general different users can
have differwa20psigsisd i nterval s. WO 2005/ 125234 PCT/ US20BE1/ 020932025721 The
di stinction between |s' and 2"d paging type signals of Figure 5 shall be
further described. In Figure 5 in aétordance with the invention, different
nodul ati on schemes are used for the first paging type signals, e.g.,
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on, . tinfe 25106t drV st BEREChYBEG MM FOILOBSL PapirR PEeS 10, haaive aiedl orsl eep
state The second type paging signal 512 uses a nodul ati on schene which
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to tine tart of reception o e secon pagi ng signa
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used to t rs@ﬂé BinbodimSEReOhainAYe. Q?lnaanﬁbﬂtwstﬁéwﬁbéﬁb@fhsumﬁ)m% pdwermna@:aur at e
estimate across the different frequencies, nes, it may take several

synbol ti P stater dbesagenditype pagieg vgnal AL Aeses @ BPd'ﬂJNlQﬁ SCQW%MhSChtT%ﬂ%P@)H‘G@@ a

reliabhe ,f channel information to demodulate the modulated information, e.g., a coherent modulation
scheme. At some time t; 522 prior to time ts 524, the start of reception of the second paging
signal 512, WTA1 and WTAZ start to receive signals, e.g., pilot symbols. While multiple
symbols may be transmitted during each symbol period, e.g., using different tones, only a few of
the symbols in any given symbol time, e.g., the time used to transmit a symbol, may be a pilot

25 symbol. To obtain an accurate estimalte across the different frequencies, e.g., tones, it may take

several symbol times to receive a sufficient number of pilot symbols to produce a reliable
estimate of the communications channel being used to transmit paging signals. Beginning at t,
522, WTA1 and WTAZ2 may, e.g., for 4 symbol periods, prior to ts 524, perform FFTs on
received signals in order to establish a reliable channel estimate. The established channel

30  estimate is used by the WTAL and WTAZ when decoding the second paging signal 512.

Time tg 526 is the time that the WTs have completed processing of the 1¥ paging signal

510. In some embodiments, e.g., where the WTs remain ON, the WTs may use the entire



estimate of the conmuni cations channel being used to transmt paging
signals. Beginning at t4 522, WIAL and WIA2 may, e.g., for 4 synbol
periods, prior to t5 524, performFFTs on received signals in order to
establish a reliable channel estimate. The established channel 30 estimate
is used by tWE2FATS2Ehd WIA2 when decoding the second pagtQTgussdamal2stl2.
Time t6 526 is the tine that the W's have conpl eted processing of the | s°
pagi ng signal 510. In sone enbodi nments, e.g., where the WIs remain ON, the
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reserved frequencies at a etermned tine). Second paging signals in
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Figure 6 |

downl i nk pﬁ@emgne@bgdnag gjoupof hddes iy BEihE p@ed,amdsf @OQcM‘ﬁespm[&ng){tC(bﬂﬂan@mlgi zont al
axi s 604. Thr&% ? Iar first %i‘%l ng}i 25 si naI S 606 608, 610 and nine
exenpl ary SEEglhal E%ﬁ nsg dgmé'resfe 86%81 TBSERYCddBEUeIS 8L 824 626, 628
grf shown griefel@itie@tife). Seéohld pR@dl Bignai Eﬂﬁﬂs emBO&inRAGinEhEe ddi5ilddGRgvpT Or mati on
its
20  information (e.g., the paging type and a paging identifier corresponding to the paged wireless

terminal).

Figure 6 is a diagram 600 illustrating frequency (e.g., tones used for downlink paging
signals) on the vertical axis 602 vs time on the horizontal axis 604. Three exemplary first paging

25  signals 606, 608, 610 and nine exemplary second paging signals 612, 614, 616, 618, 620, 622,
624, 626, 628 are shown in Figure 6. First paging signals 606 and 610 include information bits
corresponding to paging groups A, B, C, and D. First paging signal 608 includes information
bits associated with paging groups E, F, G, and H. Each of the paging groups (A, B, C, D, E, F,
G, H) may include multiple users (e.g., (WTA1l, WTA2), (WTB1, WTB2), (WTCIi, WTC2),

30 (WTDI1, WTD2), (WTEL, WTE2), (WTFI1, WTF2), (WTG1, WTG2), (WTH1, WTH2),
respectively). A beacon slot 650 includes two paging interval segments, a first paging interval
segment (1) 646 and a second paging interval segment (2) 648. First paging interval segment (1)
646 and second paging interval segment (2) 648 comprise paging interval 649, which



correspondi ng to paging groups A, B, C and D. First paging signal 608
includes information bits associated with paging groups E, F, G and H.
Each of the paging groups (A, B, C D, E F, G H may include nultiple
users (e.g., (WAL, WIA2), (WIB1, WIB2), (WICl, WIC2), 30 (WID1, WID2),
(WIEl, WIE2), (WIFI, WIF2), (WA, WIGR), (WIH, WIH2), respectively). A
beacon sl ot V¥5PFKSEHdes two pagi ng i nterval segnents, aPETS200§eYRYIg
interval segnment (1) 646 and a second paging interval segnent (2) 648.

First paging interval segnent (1) 6483and second paging i nterval segment
(2) 648 conprise paging interval 649, which WO 2005/ 125234 PCT/ US2005/ 020257
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bagi ng o ST R) PagiteliBly A e RREAN SR B R N B RR) 68 g g
groups E, sécond @rod) pdgimnignar 6201 se3bndo@epup ) @agm@hgﬁaﬁzmﬁl&m&a@on@Ggr oup A
nmonitors the first information bit _ of first &%gi ng signal (1) 606, which

cor r espond@é8ingsigel 844 a(‘@rs??ﬂbdf%m‘ﬁh@??é”@lsﬁaﬁ 12. Paging group B monitors
the sqeond information bit of first paging signal (1) 606, which corresponds
to 20 second (group B) paging signal 614. Paging group C nonitors the third
i nformation bi Pagifig gionpsA, %A&D\glosﬁfgrfmt paging 6@@1(1\M’1%.rwfubmﬂ§1$9@ms EoF.t hird
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pagi ng si ghfilst paefng MA@ (19 606,0xHicHoMesiohad © stddd (gro6H A) PAGRAFEEDB1 DI Paghiy
first paglgpo%p B monitors the second information bit of first paging signal (1) 606, which corresponds to
20 second (group B) paging signal 614. Paging group C monitors the third information bit of first
paging signal (1) 606, which corresponds to third (group C) paging signal 616. Paging group D
monitors the fourth information bit of first paging signal (1) 606, which corresponds to second
(group B) paging signal 618. Paging group E monitors the first information bit of first paging
signal (2) 608, which corresponds to second (group E) paging signal 620. Paging group F
25 monitors the second information bit of first paging signal (2) 608, which corresponds to second
(group F) paging signal 622. Paging group G monitors the third information bit of first paging
signal (2) 608, which corresponds to third (group G) paging signal 624. Paging group H
monitors the fourth information bit of first paging signal (2) 608, which corresponds to second
{group H) paging signal 626.
30
The operation of a user device (e.g., WT 300) is similar to that illustrated in Figure 5
with respect to each paging group. Consider that exemplary paging group A includes wireless

terminals WTA1 and WTA2. Wireless terminal WTA1 monitors the first information bit of the



signal (2) 608, which corresponds to second (group E) paging signal 620.
Pagi ng group F 25 nonitors the second information bit of first pagi ng signal
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corresponds to second (group H) pagi-Bf signal 626. 30 The operation of a
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20 The following described exemplary embodiment reduces paging latency by sharing the
second paging signal channel resource among different paging groups. Specifically, one first
paging signal includes information bits including muitiple paging group information bits and an
extension bit. In Figure 6, assume that that first paging signal (1) 606 conveys four paging group
information bits (as described above) and an extension bit. Similar to the previous embodiment,

25  each paging group information bit specifies whether a user of the corresponding paging group is
paged. The user shall first receive the first péging signal (1). If the corresponding paging group
information bit is 0, the user can go back to the sleep state. If the corresponding paging group
information bit is 1, the user shall continue to operate to receive a detailed second paging
message signal. If the paging group information bit is 1 and the extension bit is 0, then the

30  detailed second paging message signal shall be received in the corresponding second paging
signal slot, similar to the previous embodiment, However, if the paging group information bit is
1 and the extension bit is 1, then the detailed second paging message signal corresponding to the

user can be sent in a different second paging signal slot than is normally used. In one



extension bit. In Figure 6, assune that that first paging signal (1) 606
conveys four paging group information bits (as described above) and an
extension bit. Simlar to the previous enbodi nent, 25 each pagi ng group
information bit specifies whether a user of the correspondi ng pagi ng group
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20  the WT.

Figure 7 illustrates another exemplary embodiment of a two stage paging system in
accordance with the present invention. Figure 7 is a graph 700 illustrating frequency (used for
downlink paging signals) on the vertical axis 702 vs time on the horizontal axis 704. Two

25  exemplary first paging signals 706, 708 and nine exemplary second paging signals 710, 712,
714,716, 718, 720, 722, 724, 726 are shown in Figure 7. First paging signals 706 and 708
include eight group information bits, one group information bit is identified with each paging
group A, B, C,D,E, F, G, H. A beacon slot 746 includes one paging interval 744 and 8 super
slots: super slot (1) 728, super slot (2) 730, super slot (3) 732, super slot (4) 734, super slot (5)

30 736, super slot (6) 738, super slot (7) 740, and super slot (8) 742. The beacon slot 746 represents
the repeat time interval for one set of paging signals for the system including paging
opportunities for each of the paging groups A, B, C, D, E, F, G, and H. Paging interval 744
includes first paging signal (1) 706, second (group A) paging signal 710, second (group B)



Figure 7 illustrates another exenplary enbodi nent of a two stage pagi ng
systemin accordance with the present invention. Figure 7 is a graph 700
illustrating frequency (used for downlink paging signals) on the verti cal
axis 702 vs time on the horizontal axis 704. Two 25 exenplary first paging
si gnal s 7080 M0B12ar.d ni ne exenpl ary second pagi ng si gnaPST/P§WOSe4B7T ~ 714,
716, 718, 720, 722, 724, 726 are showy.in Figure 7. First paging signals 706
and 708 include eight group information bits, one group information bit is

identified with e aqgi roup A, B, D_E F, H...A beacon t 746
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30 736, sueger (§| o? 82)9755?,% super %I ot?_gr?g );;Za& ggn% super solno'fgi(8p) 742. The
beacon sl pagineaeenabpile suchiesond (geoupdpdaging sigeali’dter val for one set of paging
signals for the systemincluding paging opportunities for each of the
paging groups A B, C D, E F, 0, and H Paging interval 744 includes
first $pagi ng sThgrsame (ierhoAGBscrbed ot résgea tpthéfoyp gepupgnfemmatadn bitkMnclwled ond
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7. FotOexample, if first paging signal 706 information bits = 00100010, two
second pagi ng signals wuld b ent to two . WIs (e.q. | .and WIGL usi ng
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the eight group information bits of first information S|anal 706 using the

sane or sflisgussad vaBrTeense loAseuwe 6 tiies sxamply. dlcthe Bestipagingsigesd JB€ infermatipy bitse= 6.
For exanp } ] j i L ‘1l I 0~ = 000 1,
in one enggbc}i{)%on{’?ﬁ?éé\oénﬁaoggﬁ%{ tggﬁ%@ﬂg%ﬁ@&g@iﬁ%@&@ﬁdto tta’g I?em"%g%éogbers of
15 grofip BEroppDde.g., WTID] amdWIEEE usiug amgtwarof thevadghosedoné pegigftlosdd 6,7 2paidi ng
slots 710 7J7f éé47 _Z 6, 718, 720, 722, 724. Consi der the exanple of Figure 7,
wher e eacﬂl% %I7 ' Letd nal specific ID (e.g., W IP address 376) includes
32 bits. In one enbodi nent, each wireless termnal specific ID of 32 bits

20 may be mapped to 3 bits (e.g., via a hash function) speci f&)i ng one of the
ei ght groups (%eonsiler the example of Figure 7, where each wireless terminal specific ID (e.g., WT IP

address 376) includes 32 bits. In one embodiment, each wireless terminal specific ID of 32 bits
20  may be mapped to 3 bits (e.g., via a hash function) specifying one of the eight groups (A, B, C,
D, E, F, G, H). The 3 bits can identify into which group the base station 200 should direct
second paging messages for WT 300 and which second regular paging slot WT 300 should look
at for potential second paging messages. BS 200 can include additional identification
information (e.g., 29 additional identification bits) in the second paging message which may be

25  used to identify the specific WT 300 intended for the page.

Figure 8 illustrates another exemplary embodiment of a two stage paging system in
accordance with the present invention. Figure 8 is a graph 800 illustrating frequency (used for
downlink paging signals) on the vertical axis 802 vs time on the horizontal axis §04. Three

30  exemplary first paging signals 806, 808, 810 and nine exemplary second paging signals 812,
814, 816, 818, 820, 822, 824, 826, 828 are shown in Figure 8. First paging signals 806, 808, 810
include four group information bits, one group information bit identified with each paging group

A, B, C,D. A beacon slot 848 includes two paging intervals 846, 846’ and 8 super slots: super



Db Ef F, G H. The 3 bits can identify into which group the base station
200 should direct second pagi ng nessages for WI 300 and whi ch second

regul ar pagi ng slot WI 300 should I ook at for potential second pagi ng
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first |nfor t'on sj gnal ition,.in SO enbodi nent s,
an ext encroE © AP EounmBeion A i iyPaRnsrednads shefe SRSRT | £ o

l nformitl%1&4cﬁ;ﬂ@éntlﬁﬁ)@tol!@seﬂ:s&tﬁh@etﬁﬁmﬁre@[ﬁcct & Fikdrab. conventions to those

di scussed with respect to Figure 6. This method described with respect to

Figure 8 can provide an advantage over the 20 nethod of Figure 6 or Figure 7

in some appli cafil AB%od GesBribed VART s et Yo B @ cdr o RAG LN BavaRtaBE ¥ the

20  method of Figure 6 or Figure 7 in some applications {(e.g., where minimizing the paging interval
for an individual WT 300 is important and the system dynamics can support a larger number of
users in each group). In addition, by using the method of Figure 8, if two members of the same
group (e.g., group A) require a page (and the implementation does not support an extension bit),
the BS 200 may be able to distinguish which page is more time critical, e.g., by prioritizing

25  pages based on queues, quality of service requirements, etc., and then assigning that page to first
paging signal 806 and second (group A) paging signal 812, while holding off the less time
critical page to first paging signal 808 and second (group A) paging signal 820.

Figure 9 illustrates exemplary downlink paging signaling, exemplary uplink
30 acknowledgement signals, and timing interrelationships between the signaling in accordance
with the invention. Figure 9 includes diagram 900 illustrating frequency (e.g., corresponding to
tones used for downlink paging signals from BS 200 to WTs 300) on the vertical axis 902 vs
time on the horizontal axis 304. Three exemplary first paging signals 906, 908, 910 and nine
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there is a corresfpondl n erved Yor “an ac genent *Yom a 300
to BS 208sS 200 Iaan emﬁmh@l(}FHM@Mtayshemmdama uptisk ctaineel rethrcﬁ Korcdaeinnel

resource for h acknow edgengnt si naI an w t ones a few
OFDW- synb{’ﬂ?@ Eﬁgﬁ%en@um lean e a few tones ver a few Oll*:bMasym ols or one O%?/[ tone-
20  symbol, which is reserved for use by the intended recipient of the corresponding second paging

signal.

Diagram 950 includes 9 exemplary acknowledgement signals: (group A)
acknowledgement signal 956 (corresponding to second (group A) paging signal 912), (group B)
25  acknowledgement signal 958 (corresponding to second (group B) paging signal 914}, (group C)
acknowledgement signal 960 (corresponding to second (group C) paging signal 916), (group D)
acknowledgement signal 962 (corresponding to second (group D) paging signal 918}, (group A)
acknowledgement signal 964 (corresponding to second (group A) paging signal 920), (group B)
acknowledgement signal 966 (corresponding to second (group B) paging signal 922), (group C)
30  acknowledgement signal 968 (corresponding to second (group C) paging signal 924), (group D)
acknowledgement signal 970 (corresponding to second (group D) paging signal 926), (group A)
acknowledgement signal 972 (corresponding to second (group A) paging signal 928.



20 synbol, which is reserved for use by the intended recipient of the
correspondi ng second paging signal. D agram 950 includes 9 exenplary
acknow edgenent signals: (group A) acknow edgenent signal 956
(corresponding to second (group A) paging signal 912), (group B) 25
acknow edgeWwenitoSgegaal 958 (corresponding to second (gr d¥F/BRIGBGAFIAY si gnal
914), (group C) acknow edgenent signal 960 (corresponding to second (group
C) paging signal 916), (group D) ack?bw edgenent signal 962 (corresponding
to second (group D) paging signal 918), (group A) acknow edgenent signal
964 (corr esporRiishpaging sEabeb i§ gyretipnixpd pétyiresges itgsuper 98001) 978 paging B)erval
acknow edgenent, si gnal (corres di ng to. .second rou agi-ng signal
092) " ( or Sl o3 beleshAias S50 MG AMENE L0 grmtreeb 84 rone st shiRinpt e BRL RS g
(group Q) pa%ﬁ@ siEhaBIE Al sQofd (gro@s AYPagidg siBRKIOW & dURE Rlervil 95BIepRFdhts the

in

(correspon g to second (group D) paging signal 926), (group A o
acknow edépdavdistwesn ghkeqwnpsecerst pAgYBSHER ttseﬁ%@claﬁdme@géﬁsr%g(ﬂpégfhﬁa%i gnal

928. 2 - g [ Ligpal 6 is
cynehr oni SR T SRR (O P Qg g o2 s RO R RPN E BRI 0% ana
beacon slot 996. Time interval 930 represents the timng relationship

bet ween first _.pagi,ng signal, 906 and,secon rou agi ng..si | 912
slot. Tinme i nt%gl{fg'rg Sg%vés ﬁgﬁplgagﬁﬁflg:a&cggc nqe egggﬁ%tts\ﬁl)@@? Cgﬂg?é?g% ntgeecond
pagi ng si goald fakbig nsdRsugt Rignils. B fRagdNGe wWitheheiaventios, @ffereh@etsicaR use thet ween

second (group A) p%gl ng signal 912 and second %gjrﬁoup B) paging . signal 914.).
Fi gure 9 akaowlegdgiaentphanapl yerdtimet Eef carRpleviueag faisit Pagige diterveloPre¥pidi ng to
t he co i g j l; [ ' t.hendvil kN,

i et e B S e T g A,
during a f§igmas05pmay batranstretteddly WIAL; sbsagnentlyGluting e sgroAll ppging imdersil §Adl, 912

be intended for, WAL A t signal 956 b
[ anar t ¢ SG0U ERARE Poas st P e g REd BR A RAS g B e val oo -
second ( g5dkupvIdgenRet A6has DeNRky B2 Barthiittddehy WTARA®MEah @hildhe2cknvndedegicmup A)

acknow edgenent signal 964 may be transmtted by WIA2. Meanwhil e the

acknow edgfi#BRl 18 WpdHrcqonfestipn Hge MAMET.cont enti on free manner. 15 In Figure 9
secongs pagi ng signals and acknow edgenent signals have been shown in each
of the potential slots. However, if no nenber of a specific group is to be
paged in a gi Vefigupa®rergnd paging/sgnalst and acknowlddigersent pipgile hawi bpanshamitl i convey

that infornmation_and. ulr% eguent | y..t he orr.es ontﬁiin second pagi.ng signal

and acknoticBabERBRENLH §IE HAFRIervS po Bembif SR b gpug G e phded ind eier
paging interval, then the first paging signal will convey that information and subsequently the
corresponding second paging signal and acknowledgement signal will not be sent for that given

20  group in the predetermined time slots.

In this particular exemplary embodiment, there is no explicit acknowledgment for the
first paging signals. The uplink acknowledgment signals convey one bit information indicating a
positive acknowledgment (indicating a successfully received second paging message) or a
25  negative acknowledgement (indicating a received second paging message with an error
condition). If the intended recipient of the second paging signal, e.g., WT 300, does not transmit
a corresponding acknowledgement confirmation to BS 200, the BS 200 may assume that WT
300 has not received the second paging signal, and that retransmission of the second paging
signal is required (if the page is still applicable).
30
After the base station 200 sends the second paging signal (e.g., second (group A) paging
signal 912), the base station 200 should receive the corresponding uplink acknowledgment

signal (e.g., (group A) acknowledgment signal 956) to verify that the paging message has been



20 group in the predetermned tine slots. In this particular exenplary
enbodi nent, there is no explicit acknow edgnent for the first paging
signals. The uplink acknow edgnent signals convey one bit infornmation
indicating a positive acknow edgnent (indicating a successfully received
second pagiwgwmedzage) or a 25 negative acknow edgenent POTAGR@SOINY a

recei ved second paging message with an error condition). If the intended
reci pi ent of the second pagi ng signat30-e.g., W 300, does not transmt a
correspondi ng acknow edgenent confirmation to BS 200, the BS 200 nmay assune
that W 8GHvddasrromly. IfemaabaseslatithreZ(weimmbtpa:givn@esdcgmlpdgn@tithabase station

SEi11 app B ke RAgar neyIe bede By Ry o Sru e irer vk hs 2adnB et aleh
si gnal  (&sefand pagmg Bign410IFObadY stP@ 200 reckivgBahe V\?Mé acktnhﬁ]ddgélﬁerﬁttaé bas 200
shoul d receive the corres ondi ng mgl i nk acknow edgnment 8nal (e.qg., (group

A)  acknovilisg 28R hasshegh goti @S‘GB‘mtﬂEﬁ peladyreqipigpt mﬁ@caaaql eeornd BIRRE MES2%een WO
2005/ 125234, B d/Sadqrd 20 zét?on mg‘pthril@?e%?{ﬁqt HEDk £8 10Ya sebbnd B&r RRSGeSt at i on

200 does not receive the acknow edgnent, the b _e éstatl on 200 assurres t hat
the pagi nGivemthanioe phgieginteydl isshed vaﬂndhmyrentmsemrenrtanmansmlhsomhgqnmgm n a

| at er ond | .. |f the base station 200 recejves,a tive
acknowl edugin o s FalRR. g srd ARl RiuE B aR HAIm PEHEET B rBEFEL endec
reci pi entmbg errﬁﬂﬁplvﬁdmeatcsmndcp@gnmhﬁﬁgage 5 with an error, and the base
station may thus retransmt the paging in a second |ater nessage. G ven
that the paging interval is short with the current invention, the

retrapsm ssi onph@iRAGY 978 re rrgf!:s%ﬁtsrﬁ%tde é}%twe@%%&%@@u%n%g sibflal2Ad® enbodi nents,
the base station can transmt the pagi'ng nessage ti p e tinmes to boost

the pagi ngrrestonding lacknpwlerigementsignal egv Hie t@redetvegsnseentdgrohp Adehgiyg Henaeen a

second p naI d.a._.corr t signal .g., the
oo el BREN BeReA TR A b e Sl o

acknow edgessded the slgjaadue&&@cod&qiagmg h@halt(élg mk.ﬁw@rmmtgu@s@al 9IS time
precedes the subsequent second pagl Si gnal (e.qg., second %%roug B) pag| ng

si gnal 91&teral PT6nn sqmp epRpgimeny the By 2)rpa wwmm@aclmév T
t
L el I heghllveRRHOPA e apadie BT 8 hii IEBRGKPAARALBICRI pRAR 1D
ext ensi onsldyi (¢ g.rlflbe exltanss)om =eh)bb1:homr¢n$>pd1m¢etsaﬁe B(S(QOﬁmyayrretrarangtmnt an
know ed t | d i xt
pagi ng | nergedeRETeRea G ety SRRy S BT wBE A PR ereart S one

pagi ng si @BRking another first paging signal and another second paging signal.

20 The paging retransmission mechanism can also help to reduce the average power
required to send the paging signals. Specifically, as the paging signals are sent to the user (e.g.,
WT 300} in the sleep state, the base station 200 generally does not know the downlink channel
condition of the user. In order to reach the user (e.g., WT 300), the base station 200 may have to
use the worst-case power to send the paging signals, though often the user (e.g., WT 300) does

25 notrequire such a high power to receive the paging signals. With the paging retransmission
mechanism, the base station 200 may use a relatively small power to send the paging signals for
the first transmission. If the user (e.g., WT 300) is close to the base station 200, then the user
(e.g., WT 300) can receive the paging signals in the first time, thereby saving the downlink
power. If the user (e.g., WT 300) is far from the base station 200 and cannot receive the paging

30 signals in the first time, the base station 200 may, and sometimes does, increase the power in the
second transmission to help reach the user. On average, the base station 200 can save

transmission power in the downlink paging signals.



20 The pagi ng retransm ssion nmechani smcan also help to reduce the average
power required to send the paging signals. Specifically, as the paging
signals are sent to the user (e.g., W 300) in the sleep state, the base
station 200 generally does not know the downlink channel condition of the
user. In or\!lgr201t562$2é‘hch the user (e.g., W 300), the bastCTE¥RBMSHAID0 may
have to use the worst-case power to send the paging signals, though often
the user (e.g., W 300) does 25 not r%’qui re such a high power to receive the
paging signals. Wth the pagi nsg retransm ssion nechanism the base station
200 may use a lnepmeemépdimens| BS peivmey v diffsrentpawenisyelntpr Siry Pagi8s $igRAS t he
first tra 1.SS| | f . jrs e station
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Lhe 111 st Everihils e ssaud Pt FERISTOY YL PV oD BREeTTPREFEERS he
pover §n HitemaP LI fafPiRS Bbwéd 101 bPthB§dddnd Bask difiR) S STuncGdh GRS AGber t he
base station 200 can save _transm ssion power in the downlink paging

si gnal s. VidedgosEnzsreapedivresrops,/ hepper levebal thayseserkpaginecdgndemey be 8BS 200
may use dj f. ! J Lan pagi ng
o anar . Fr SRRy B, B poe B s AP ATPS e ANEA R BT
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wor st case power level, while the second i ng,signals use .vari abl e
power | evBfiergnfe ?5%?—)“’ lﬁﬁ'\gg? PelffEmay .@Qﬁg%g@ggﬁgﬁcwaﬁléagﬂ%mmr_ | evel
of thep semapdis®BEVaEdSS dPdctias ofthé URe gl 9fof tHagapa!iRPsr thofevéldt k&dicpagi ng
attenpts. For exanple, the power |evel of the second pagi ng signal nay be

set lowduring the first attenpt. Then, if a positive acknow edgenent is

not received, ghe tl&?}ﬁ@crauﬁe'_tﬁ%/ ﬁée{ ﬁ:?% \?‘Hoﬂg w@ﬁ&é% tﬂeeéo%rﬁ}ggjp?%%{l%ﬁ\}a,t he
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20 used so that even without timing synchronization, the uplink paging acknowledgment channel is

still orthogonal to the uplink access channel. Moreover, since the uplink paging
acknowledgment channel uses a similar signaling format, the base station 200 can treat the
uplink paging acknowledgment channel as a special access attempt in the case where the base
station 200 instructs the user (¢.g.. WT 300) to go back to the active state. For example, the base
25  station 200 can determine the timing correction from the uplink paging acknowledgment
channel signal and start to correct the timing of the user (e.g., WT 300} and grant the user

appropriate air link channel resource required to establish active connection.

In some embodiments, (e.g., where the first paging signal conveys information allowing
30  identification of the specific paged wireless terminal), acknowledgement signals may be sent by

WT 300 in response to first paging signals.



segnent of a paging channel used to transmt paging signals. In addition, a
|l ong cyclic prefix is 20 used so that even without timng synchroni zati on,
t he uplink pagi ng acknow edgnent channel is still orthogonal to the uplink
access channel. Moreover, since the uplink paging acknow edgnment channel
uses a simlar signaling format, the base station 200 can treat the uplink
pagi ng acknd@zedgjaem channel as a special access attenfCTUb20hIM2BaBe wWher e
the base station 200 instructs the user (e.g., WIr 300) to go back to the
active state. For exanple, the base 2¥-station 200 can deternine the tining
correction fromthe uplink pagi ng acknow edgnent channel signal and start
to correct thdnpiher crgbcrlﬁmcttmome'mvemi(g, the s SO@H sk dorgraeinpagirgegraggeis not

appropri i ha urce required to establish acti
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wreless term naI?1 acknow edgement si.gnal s may be sent by g
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group 1s not I Xxe y vary ba on a predeterm ned under standi ng
bet ween tdignabZ¥einsltding orfor20ion hrds = V1800 Wﬁdcsseemmpﬂlsaln groupst amd groveGei ght

pagi ng grou ur e and

bxtensi o S By feucpordanel angSmd oo e hudg oRB® ARES ThbaRent e
base 5 st s%td)rﬁirpagﬁﬁ s@ﬁﬁlls RS bt @d RageSin 10 pddlisons (@a@ountWrEinu@d‘dﬁlW @hy paBig 200
sends first a nal 706 |nclud|ng information bits = 00001010.

W rel ess %tera @ﬁ@a et e figit seepneragingcdeis-Se therriat nerRa) yHespEYed

pot eniq al foP?élSﬁd @P&L tm;ag $igheHeg, ah@MR Qgggeﬁndmorml%ﬁaib@eat n th@econd

pagi ng signals may be ‘advanced in slot positions to account for unused

sl ots. Thecualgermpd psgigaalot fecg:, tWrEtbt neomilly tesereifor jenondhigrduprBitpagmg sizdalpagi ng
slot (e. %o the slot nornmally reserved 10 for second (group A) paging signal
710), and &ﬁe pagi ng signal for WA would be sent in the second second
pagi ng slot (e. g , the slot normally reserved for second (group B) paging
signal 712). gure 10 illustrates one exenp nmet hod, of . a non- coherent

nodul ation sc rFérﬁre LR gtustraies opeexEEPlaYIReheY! mnypsersntfm?eratea@rwe that
i nforpatiqn Bl §s3d (EmBdulath it pagrgg M¥orhdafies rmtce%n ff?étéag gﬁ)foms)afnoﬁ blt$366)

i nformation nessages (e.g., pagi ng signal” nes into first
i nf or mat |erf1rstsnfgnaat®n rmseagcm@ g1.00¢ paging signal nasssageswi2) m«to flquemﬁpoon axi's

1002 . Lo PELAGER 0 g b S0 MBS, 008, L
tone 9 10@he otrme tdft 1LORD, tonend 013, «dri2321028.a66e 4 20250 ae 511006, tdnk AL OB4, ohene
7 1028, tone 8 1029, tone 9 1030, tone 10 1031, tone 11 1032, tone 12 1033, tone 13 1034, tone
20 14 1035, tone 15 1036, tone 16 1037, tone 17 1038, tone 18 1039, tone 19 1040, tone 20 1041,
tone 21 1042, tone 22 1043, tone 23 1044, tone 24 1045, tone 25 1046, tone 26 1047, tone 27
1048, tone 28 1049, tone 29 1050, tone 30 1051, tone 31 1052.) The method illustrated in Figure
10 is on/off keying. At any given time, for a first paging message signal transmission (e.g., an
exemplary OFDM symbol time 1040) one tone in the set of 32 tones is transmitted with power
25  applied and the other 31 remaining tones do not transmit anything. Four examples of first
paging message signals are shown in Figure 10. In exemplary first paging signal 1001, power is
applied to tone 0 1021 (as indicated by a 1 in position 1062) and not applied to the other 31
tones in the tone set. In exemplary first paging signal 1003, power is applied to tone 1 1022 (as
indicated by a 1 in position 1064} and not applied to the other 31 tones in the tone set. In
30 exemplary first paging signal 1005, power is applied to tone 2 1023 (as indicated by a 1 in
position 1066) and not applied to the other 31 tones in the tone set. In exemplary first paging
stgnal 1007, power is applied to tone 3 1024 (as indicated by a 1 in position 1068) and not
applied to the other 31 tones in the tone set. WTs 300 receiving the first paging signal do not



20 14 1035, tone 15 1036, tone 16 1037, tone 17 1038, tone 18 1039, tone 19
1040, tone 20 1041, tone 21 1042, tone 22 1043, tone 23 1044, tone 24 1045,
tone 25 1046, tone 26 1047, tone 27 1048, tone 28 1049, tone 29 1050, tone
30 1051, tone 31 1052.) The method illustrated in Figure 10 is on/off

keyi ng. At V@y005i1zA8¥ tine, for a first pagi ng nessage siPGTAIS2B4HIM ssi on
(e.g., an exenplary OFDM synbol tinme 1040) one tone in the set of 32 tones
is transmtted with power 25 applied*@nd the other 31 remaining tones do not
transmt anything. Four exanples of first paging nessage signals are shown
i n Fi gur encgdto asiablistemghianna) estinpase. Tha oY Fip¥icgm ket pp at the apepriate UIAEHIGCRYC t o
tone 0 10 i_ndi ; [ it Q0 AN i t he

ot her 31 Trigaae e Ealgordnd OFDNE Bahich Bliot Bertorih 1ok, BRHILKEE 58
power is @fpffiegiknty) dfameh higheP@oweasandifigdiccat te Sbyfoamdtionrbiposi ti on 1064) and
not applied to the other 31 tones in the tone set. In 30 exenplary first
pagi ng signal 1005, power is applied to tone 2 1023 (as indicated by a 1 in
posi tipn 1066)THaRd/cMAleyRiHoh 8hdrént tRAuRLiBEmeBdd HORABed With RferbfuReo Figure 9,N
exenplary first paging  signal 1007, power is applied to tone 3 1024 (as

i ndi cat edillpsprated byian epaplaryoninfaomayonhig and 32 toappmay Be arplieh & GaPRAIMENs ¢ ones i n

t he tone . 300 i i A i h £,k
500515 2525 el e SR BE G rog R S o B G R hilfter of RrdOhsctiBp k-
WI's 300 ciaformaticerhip, Zittondsep appropriate times, receive first pagi ng message

signals for one OFDM synbol period, performan FFT, establish the one tone
(frequency) of much higher power, and figure out the 5 information bits. 5

The o of f Kej BtheP@Ab&HREHLE Mhe STREMHREbPB sTRAyIRCEHOSLE bh @skovhiil: thebsoemee to
Figure 5, illustrated bg3an exenplary 5 information bits and 32 tones may

be appl i edate af weBdHinaeits 32 gedeiyords. dn ggnerabribe kfirb ifostatipp s ofi the Bfshat i on
bits and if e ) T Y <) .0g., k information bits, 2k

t ones). 1%gﬂllﬁ S{ﬁ%hlg@aye%%@?%ﬁtbg? tgﬁlgoggﬁfﬁﬂplgs?nati on bits may be conveyed by
associating the on/off state of the 32 tones with 32 code words. In
general, the k.first informatjon bits of the first agi ng, si.gnal, _may_be
donveyed by 28t RhybRtaRe B g ooty noh ab @o B IR RebeR o)

net hogs of may ROwed RN FERtiRbiTRlion GheR:. FildbagidSinfEnabien bsLI66) 6f nodul at e
5 first information bits (e.g. first paging information bits 266) of

i nf or nat | BfPIMBLAHGessagEs (Ge., [iF| pagingsigirygessaagmdntofisiytpemptiqnsignats; Prawing
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3 1124, tbr2e,ndA2B3, tamnd 1324,13@, 4 11@5etofie 11128, taneibel 127, 10@87 1128n®n88 112D,

tone 3 1130 %ﬁf’ib‘?to%glﬂr]{f’}r,tén%’l‘? 1112, 34330 (199 %0333 b Q18 113 &hdgs tone 14

1135, ton8"Y
20 1136, tone 16 1137, tone 17 1138, tone 18 1139, tone 19 1140, tone 20 1141, tone 21 1142, tone

22 1143, tone 23 1144, tone 24 1145, tone 25 1146, tone 26 1147, tone 27 1148, tone 28 1149,
tone 29 1150, tone 30 1151, tone 31 1152.) The 32 tones are divided into seven tone subsets:

tone sub-set 0 1161 (tones 0-4), tone sub-set 1 1162 (tones 4-7), tone sub-set 2 1163 (tones §-
11), tone sub-set 3 1164 (tones 12-15), tone sub-set 4 1165 (tones 16-19), tone sub-set 5 1166
25  (tones 20-23), tone sub-set 6 (tones 24-27), and tone sub-set 7 (tones 28-31).

In a given first paging message signal, one particular tone sub-set is transmitted while the
tones in the 7 other tone sub-sets are not transmitted. This choice among the selection of 8 tone
subsets conveys information bits (e.g., 3 first paging information bits). Each tone subset in

30  Figure 11 is arranged so that the tones of the tone sub-set are physically contiguous tones. Then,
by assuming that the wireless channel response does not vary too much from one tone to another
physically contiguous tone, one can transmit additional information (e.g., 2 first paging

information bits) by modulating information on the tones of any one tone subset. For example a



20 1136, tone 16 1137, tone 17 1138, tone 18 1139, tone 19 1140, tone 20
1141, tone 21 1142, tone 22 1143, tone 23 1144, tone 24 1145, tone 25 1146,
tone 26 1147, tone 27 1148, tone 28 1149, tone 29 1150, tone 30 1151, tone
31 1152.) The 32 tones are divided into seven tone subsets: tone sub-set O
1161 (toneswQ2a5(12328he sub-set 1 1162 (tones 4-7), tone MUWReNs02023763
(tones 8- 11), tone sub-set 3 1164 (tones 12-15), tone sub-set 4 1165 (tones
16-19), tone sub-set 5 1166 25 (tone3420-23), tone sub-set 6 (tones 24-27),
and tone sub-set 7 (tones 28-3 1). In a given first paging nessage signal,
one part i diffegntial omelufatibn s@temes@r am anogonal eebdulatipe sahkme cambeuseilin thRe 7 ot her

tone sub-sets ar e not tr {] 8 tone
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sub-set are physj call Qn ous tones. ,Then, by as t t he
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the other 28 tones in the other 7 tone sub-sets; and the phase is set to
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1181, 23 183 dichied Sx&MRbFYMinkidogés 18F] N84 51195184 1 WFrs IO virSs the first paging
signal do not need to establish a channel estimate, have knowledge of channel estimation, or rely
on a history of channel conditions. The WTs 300 can wake-up at the appropriate times, receive
first paging message signals for one OFDM symbol period (e.g., time interval 1104), perform an
FFT, determine the tone sub-set of much higher power than the other tone sub-sets (obtaining 3

25 first paging message information bits), determine the phase for the four tones in the set, and
make a best determination of which of the 4 code words has been transmitted (obtaining 2

additional first paging information bits).

Figure 12 is a drawing of a flowchart 1200 illustrating an exemplary method of operating
30 abase station to page a wireless terminal (WT) in a communications system including multiple
wireless terminals in accordance with the present invention. The exemplary base station paging
method starts in step 1202 where at least one base station is initialized, e.g., initialized to operate

on a predetermined timing sequence regarding the transmission of paging signals and initialized
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20

In step 1208, the base station is operated to modulate a first number of bits of

information, e.g., one bit of information, using a first type of modulation, e.g., a type of non-
coherent modulation, to generate a first paging signal conveying said first number of bits of
information, §aid first paging signal including information indicating if there is no paging

25  message to be transmitted. Some types of non-coherent modulation schemes which may be used
in various embodiments include: on/off modulation, orthogonal modulation, and differential

modulation. Operation proceeds from step 1208 to step 1210.

Next, in step 1210, the base station is operated to transmit the first paging signal, e.g.,

30  into its cornmunications coverage area, €.g., cell or sector. In some OFDM embodiments, the
first paging symbol is transmitted in a time period which is less than 4 symbol times in duration,
€.g., in one, two or three symbol times, where a symbol time corresponds to the time period used

to transmit a symbol. Multiple symbols may be transmitted in parallel during a symbol time,



ort hogonal nodul ation, and differential nodul ation. Operation proceeds from
step 1206 to step 1210. 20 In step 1208, the base station is operated to
nodul ate a first nunmber of bits of information, e.g., one bit of
information, using a first type of nodul ation, e.g., a type of non- coherent
nmodul ati on, Woaoganssate a first pagi ng signal conveyi ng BaEi/@2005103825hunber of
bits of information, said first paging signal including informtion
indicating if there is no paging 25 n#ssage to be transnitted. Sone types of
non- coherent nodul ati on schenmes which may be used in various enbodi nents
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nodul ation. QOperation proceeds from st 1208 to step,1210. Xt,.kn step
1210, "t hehs 468 Pag ag PR 110 8 SRRIVBHARY PRUKE it SRR Abete. dibghiaraseiflin
e. 0., 30mkib@is 4 SofQATBHH&ERI, OBS a AOY-B51R8Mt AoBMatiéh Blethod B4HictOdoes A6ilrOuirel N

sone OFDM enbodi nents, the first pagi ng synbol is transmtted in a tinme
peri od whiwhmimicitionschanngl inforyatisnlto bg yred by thedliT o demnodulateghe modulaisd, two or

t hree 5syrry1 cI)rmta{igqas, where a synbol tine corresponds to the tinme period used
to transmt a syrnbol. Miltiple synbols nay be transmitted in parallel during

a synbol time, WD 2005/125234 PCT/ US2005/ 020257 -36 e.g., using different
tones. The trapsmtting o he fir pagi i gnal i ncl.ude transmtting
the first pagi Ber%tio@rﬁgccf";ﬁ%o’a SFEBm@é&ﬂgﬁcﬁéméﬁg’&cm@%’él?&’g%‘?}]e Bdve,
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per f of fred er’s a pagi'ng nessage was to be
transmttezd4. If it was determned in step 1204 that a pagi ng nessage was to
be transmtted, then operation proceeds to 10 step 1214; otherwi se, there is

no pagi ng nmessage to be transmtted and operation returns to step 1204. In

step 1214, thephapa 234 ahd Ble 5QHOPE bALEEd tPmbMIME ak&odd RRGBEDIBIEBEr Of Dbits
of information using a second type of nodul ation which is different from

the firstinfgpation usitig assdondityponl medilajionerhichds diffceanb framphefirgypp ghal , sai d
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nmany enbogértembisaid fugingenandte whdnesniddfrstipagiap sighalandititésshiatahete fsfapagimg t han
the first message. In many embodiments, the second number of information bits is different than the first
number of information bits, and the second number of information bits is greater than the first
number of information bits. Some types of coherent modulation schemes which may be used in
20 various embodiments include: quadrature phase shift keying and quadrature amplitude
modulation. The second paging signal may, in some embodiments, include information used to
identifly a WT in the system. In some embodiments, the second paging signal includes
information that can uniquely identify a WT within a group of WTs. In some embodiments,
wherein the first paging signal indicates a group of communications devices, the second paging

25  signal indicates which particular paging device in the group the paging message is directed to.

Operation proceeds from step 1214 to step 1216, where the base station is operated to
transmit the second paging signal, e.g., into its communications coverage area, e.g., its cell or
sector. In many embodiments, the second type of modulation, e.g., a coherent modulation

30  method, requires the use of communications channel information by the WTs to demodulate the
information modulated with the second type of modulation. In various embodiments where the
first and second paging signals are transmitted at different points in time, the second paging

information signal is transmitted at a first fixed time offset from the transmission time of the



nunber of information bits, and the second nunmber of information bits is
greater than the first nunber of information bits. Sonme types of coherent
nodul ati on schenes which may be used in 20 various enbodi nents i ncl ude:
guadr ature phase shift keying and quadrature anplitude nodulation. The
second pagiwg@ 8i5gos34 may, in some enbodi nents, include irdToUSTBdSiceNzsUSEed to
identify a W in the system |In sone enbodi nents, the second pagi ng signal
includes information that can uni quedd identify a WI within a group of Ws.
In sone enbodi nents, wherein the first paging signal indicates a group of
communi cafitsOptgingaifogigftiont sighak &€ eatidup OFDM)eRbodimeinathé sedbabpaginguignahis

particul ar paging device in the group the gag%tﬂg nmessage ifs di.rected to.
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signal. In various OFDM enbodi nents, the second pagi 2}?{1 si gnal
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no pagi ng rmessages for any WIs in a first group o _ that there is a
pagi ng nesgademiexisit e.§.eenstcomngponding ip each sasowrhphgiEcRIpupWithanember thaiie to
enbodilgrents the first paging signal may indicate which of the paging

groups ha%é'ée?r%ar%'er that is to receive a paging nessage, and nultiple

second paging signals may exist, e.g., one corresponding to each second
paging group with a nenber that is to 15 receive a page. In various

enbodi nent s, v6ﬁéﬁ%?wswglbpﬂmqn}sp&a?rﬁa*esff'r@trp&smgﬁ@ﬂ@dﬂ@gaptasg@sraab%f
g g 21;“ meg zg!éugﬂéli%ﬁhsc&%ice%&lhﬂk GecDRE PAHEh PAGHANIN S B @nSralRY R nidenags at ed,
corresponding to a different WT in the indicated group. In such embodiments, the second
20 paging signals may be transmitted at different fixed times with respect to the first paging signal
with the offset depending on the group member to which the message to be transmitted

corresponds.

Figure 13 is a drawing of a flowchart 1300 illustrating an exemplary method of operating
25  awireless terminal to receive and process paging signals in accordance with the present
invention. Operation starts in step 1302 where an exemplary WT is in a sleep mode of
operation. Sleep mode, a lower WT power consumption state than the active mode, may allow
the WT to retain some timing information and occasionally, e.g., periodically, awake to check if
it is being paged. Operation proceeds to step 1304, where the WT is operated to awake from a
30  sleep mode of operation and receive a first paging signal. Internal retained time information,
used to maintain timing synchronization with the BS, and tracking of time within the WT allows

the WT to determine when it should awake and expect the transmission from a BS of a first type

paging signal.



corresponding to a different W' in the indicated group. In such enbodi nents,
the second 20 paging signals nay be transmtted at different fixed tines
with respect to the first paging signal wth the offset depending on the
group nenber to which the nessage to be transmitted corresponds. Figure 13
is a draw oafsazRiowchart 1300 illustrating an exenpl XCYF/UBRAMNVOL2HT
operating 25 a wireless termnal to receive and process paging signals in
accordance with the present inventic®: Operation starts in step 1302 where
an exenplary W is in a sleep node of operation. Sleep node, a |l ower W
power consunption state than the active node, may allow the W to retain
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that a paging nessage is being transmtted followng the first paging 10
signal. Next, in step 1312, operation proceeds to step 1316 if a pagi ng

nmessage is beilagep tlslamﬁmwmedopecmdterapﬁartatsieqnmpd@@reietﬁSn bperaioaprocdddd vid a
pagi ng nessage is not being transmtted. In step 1316, the WI i s operated
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1332 pack; é)foﬂl-EF?lc%@fﬂ g{?‘ rS%nglhe WI is again awoken at the appropriate 15
time for the next first g g signal. In step 1314, the WI is operated to

return, e.g., briefly, to the sleep node of operation. Operation proceeds
fromstep 1314}n

<l cop mode o Iep ko FRREET s FRG SORE bE: R H Brifon IodtREEBNH Do ng
si gnal . TiygerAbnipsoceeds from step 1314 to step 1318, where the wireless terminal is awoken from the
sleep mode of operation for another time prior to receiving a second paging signal. The WT is
20  awoken sufficiently in advance of the expected second paging signal to allow for the completion
of a channel estimate. Then in step 1320, the WT is operated to initiate and perform a channel
estimation operation. The channel estimation operation may include, e.g., receiving pilot
symbols and performing FFTs on the received pilot symbols, e.g., 10-20 pilot symbols, and then
determining a channel estimate from the processed information. Next, in step 1322, the WT is

25  operated to receive a second paging signal, e.g., 2 paging signal including at least 10 symbols.

Then, in step 1324 the WT performs a coherent demodulation operation on the second
paging signal using the channel estimation information obtained in step 1320. The second
paging signal includes a second number of information bits, while the first paging signal

30  includes a first number of paging bits. The first and the second number of information bits may
be the same. However, in many embodiments, the second number of paging bits is greater than
the first number of paging bits. In some embodiments, the demodulated second paging

information includes a portion of a WT identifier and/or a portion of a paging message. In some



20 awoken sufficiently in advance of the expected second paging signal to
allow for the conpletion of a channel estimate. Then in step 1320, the W
is operated to initiate and performa channel estinmation operation. The
channel estinmation operation may include, e.g., receiving pilot synbols and
per f or m ng WVAFI®5/025234he recei ved pil ot synbols, e.g., 10PRO/USRA®D20857nDOI S,
and then determ ning a channel estimate fromthe processed information.
Next, in step 1322, the WI is 25 oper¥ted to receive a second pagi ng signal,
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porti : i ifier provided in the second pagi ng nmessage in
conbi%gtﬁ%ﬁ£§?fﬁﬂ?ﬁgﬁ§?bup identifier of the first pagi ng nessage
information uniquely identifies the WI in the comruni cati ons systemto which

h [ LS | i d . 1f i . it is d ined th
the page not dI Patpaq2bqt bHBGHEn filsms pule el iR eliS R o Befloflsso, '

wher e t heprifikedisSioQREMNABE M Hete theWIT B opératel € ghee o o dieepinoapef @letation. However,

if in step 1326, the WI _determines that it is the intended recipient of the
page owever, if in step 1326, the WT determines that it is the intended recipient of the page

20 message, then operation proceeds to step 1328, where the WT responds to the page. Sucha
response may include, e.g., acknowledging that the page has been received, establishing and
participating in a communications session with a peer node, and eventually transitioning back to

sleep mode.

25 From either step 1330 or step 1328, operation proceeds via connecting node A 1332 back

to step 1304, where the WT awakes for another first paging message at the appropriate time.

In some embodiments, the system supports a maximum number of WTs which can be
registered to receive pages in said system at a point in time, and the first number of information
30  bits communicated in first paging signals is less than the number of bits required to uniquely
each of the said maximum number of WTs. In such embodiments, information included in the
first paging message in combination with information in the second paging message can

uniquely identify a WT in the system.



20 nessage, then operation proceeds to step 1328, where the WI responds to
the page. Such a response may include, e.g., acknow edgi ng that the page
has been received, establishing and participating in a comrunications
session with a peer node, and eventually transitioning back to sleep node.
25 From ei MHRMO01BP41330 or step 1328, operation procee8STHSHIFHREEECt i ng
node A 1332 back to step 1304, where the WI awakes for another first paging
nessage at the appropriate tine. In 30hme enbodi nents, the system supports a
maxi mum nunber of Ws which can be registered to receive pages in said
systemat a point in tinme, and the first nunber of information 30 bits

comuni cat ed iyp;ifd : DG Sl | S F\d i

required to ur\l? la!fe e?/énebgg%h@? n@ﬁgﬂ%é:i%} ade?rtadxf?ﬁs)m nu%%ggtf}ﬁ’otp y%@@ﬁ?@&@%ms
enbodi mendf she preseotrimedniiom aierapplircibld té a wideerandei of sompaigicaonsegseageinchyding

conmbi nati on mﬁtRn; forpation in the second pagi ng nessage can uniquely

i dent i fy BEFOPT ag¢/OF BOR-CSWpIab B ME25234 PCT/ US2005/ 020257 - 40 Wil e
descrisbed primarily in the context of an OFDM system the nethods and
apparatus of the present invention are applicable to a wi de range of
communi cat i ondn ¥§griue gEbpdiErnanAdes dascrpediaicioroNmRIsaIedicd e GBF PUMEE syst ens.
5 1n vari ! ] | eqd j ne or
mor e mod B B B b B e e

t he presemtmplaysgtrigongdules modalatinp medulpa gaging srphl detsctimmduddtdsode nnpidlaties

pagi ng S“ﬁqﬁﬁ det ecti.on nnduégs,.denndu tiqn nDduIe%, conmmuni.cati ons

modul es, TS TR G onspRdy ffsn“%lH}%“%‘Jr‘r‘g“ﬁu‘i Frelftemy SMOSH P EARP S A b ¢ he
presemt igrgRipreent idva@tibiRleamPRIRAcH S5iRE mPBslE., EFich SulicdBehy e SmpRMeNEd

i npl emented using software, hardware or a comnbi nation of software and

har dwar e.usNigrgftyare: iedvadse gea cotehiaatiop Of softarpens herdwase.nN¥any peihs abayg be

i npl enent ! i t i i : :

el uded Sercrse BRHBRES B e B i B s i mach o e AR AR ey

fl oppy disskh assbbiwatepinclmdéd inla raachine héadeble enedium gehes amepwrpdsacecogpBudf, with

or witho additional 1 ardware, to inmplenent all or .porti.gns of.the above

Gescri bedarat skt B gphirol BGHRRG benphe piose cokimuonifighryvi R Rgidst e,

thi ngss, tHaRIWaI€ 36 Mhplérhate All ioP PortiSnsdif tIRCHE T dedcribedBidihdts; ¢.£ amak or maRdi um

i ncl udi ng machi ne executabl e instructions for causing a nachine, e.g.,

pr ocessornoge Acgeuiing i emens atheriings. theod pent ipyention s ‘BFGCWBrt@ﬂﬁfaC‘Bln%f@g@& of

t he above: 2| . - l.1:vard ati he

et hods o e AR CRecutht ARG A, QHRChNEd ) rBSso?d
associated hardware, to perform one or more of the steps of the above-described method(s).

20 Numerous additional variations on the methods and apparatus of the present invention
described above will be apparent to those skilled in the art in view of the above description of
the invention. Such variations are to be considered within the scope of the invention. The
methods and apparatus of the present invention may be, and in various embodiments are, used
with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of

25 communications techniques which may be used to provide wireless communications links
between access nodes and mobile nodes. In some embodiments the access nodes are
implemented as base stations which establish communications links with mobile nodes using
OFDM and/or CDMA. In various embodiments the mobile nodes are implemented as notebook
computers, personal data assistants (PDAs), or other portable devices including

30  receiver/transmitter circuits and logic and/or routines, for implementing the methods of the

present invention.



descri bed above will be apparent to those skilled in the art in view of the
above description of the invention. Such variations are to be consi dered

wi thin the scope of the invention. The nmethods and apparatus of the present
invention may be, and in various enbodi nents are, used w th CDVA

ort hogonal frequency division nmultiplexing (OFDM, and/or various other
types of 25 conmunications techni ques which nay be used to provide wrel ess
communi cations |inks between access noggs and nobil e nodes. In sone

enbodi nents the access nodes are inpl éitented as base stations which
EStab'iShn§§§§ﬁﬁkﬁihiﬁﬁig%'nks wi th nobile nodes using OFDM and/or CDVA. In
various e bil e nodes are inplenented as notebook conputers,
personal data assistants (PDAs), or other portable devices including 30
receiver/trans o I . Lne Lor il e ting

t he nmet hods of nkh'g%d &Ig viﬁﬁgggﬁngg "?a %% '%‘r%%lt %\.%WE%W“E% w(?rrelg\ﬂrnet hod
of pagi ng &mmmﬂbﬂ@§§mwbwﬁmwwm in a communications systemincluding nultiple

wireless term ﬂ@duﬁtmé mgrm-dagge STRI¥IMIALSh, A Girst KERMEH oRbitsRPinfordidPto erdetaleat t ype
of nodul ati.on bits of for(%tlonto ?eneratea first
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W rel ess t ef wirdkad teiminak, shid ffisst groupdugipg or@fof aplurditesfsvitelessmarmmblgroupsasadll ffrdt pstp gr oup
bei ng one %{u&n%}nhﬁﬁ@} bebrfesfernfhalisSLafiS ?st La%[ngls gﬂ# co%e?#d Said i@ nbinel §ibhs & OUP

i ncludi ng nmu ess termna agli ng signal conveying
sai d first mMumpyen, Selflﬁtﬂ pagingsignal lmll&mmfimhtwnwlcetmgllfﬁl@re lpa@gmgmsasgnal

i ncl udi ng i nf or ABdulafn) héﬂ%‘a@&%ﬁ&ﬁaebﬁm&dﬁﬁﬁ& A Scdd Ritben I bIET HAGRatioARAUl at i ng,
using a second t nodul at | on, gﬁlﬁfﬁ' nunber of bits of inforpation to

gener at e agg"éf?ﬁﬁdgcﬁ%ijdiaﬁ@g Lngln3g|d secg téiPe &t‘?"&}’ﬁ@g gfersy dramatid 85t WRsichg

di fferent foountieaistld fecont pagingpiznd including whatthepris 2 @ging mesgondffipaginfigmaiognal
dent 1y i B AR PR TEER A Carod L Gy Rl Db BB, D
pagi ng nes s&igjEcind pagingsigral epmmusightine yde ewitdnipagiiongt lsastarertiop efredmpgingt 4t igst wi t h
sai d infor %Bﬂn&{bf@shd mﬁﬁéhes@agl@%én' <68 fiRdf paglﬂg ﬁgnﬂﬂﬂhdﬂﬁs thﬁtthel‘e‘-:‘iﬁﬁaglngmps@d'gy on of
sai d pagi ng ness i rst,ra?$g| ng signal indicates that there is a

pagi ng message; a“?‘?‘ﬁﬁ%?ﬁ"ittfs'?tﬁ@g‘@é‘lgﬂa st paging signal; and transmitting

sai d second pagirdngmigingsuid secodd paping sipmal. hod of claim 1, wherein nodul ating a
first nunber of bits of information includes nodulating nultiple individual
bits of information, sone of said individual bits correspondi

di fferent @roup“éheoﬂew plevlagng &, vtheneiyimedylaging aﬁrstin.qmbqypﬂutapfltyfmmagmlmiglgonm ng to a

group of Wpfo@hifHg mhigpeindRldgal bhsrmn@@mtiag, shrhe Jfkﬁdﬁdmsuaﬁm@wegwnd@&@age for at

| east one eless termnal int of wireless ter a
\Nfg rent groups of wireless termmals an mt%wﬁ)uapblt correspongmg 10 a group o vplre ess terminals

indicating if there is a paging message for at least one wireless terminal in the group of wireless terminals

to which the individual bit corresponds.

3. The method of claim 2, wherein said second paging signal is a second type paging signal, the
method further comprising:

generating another second type paging signal corresponding to said first paging signal, said
another secend type paging signal communicating at least a portion in a second wireless terminal group
which is different from said first wireless terminal group; and

transmitting the another second type paging signal.

4. The method of claim 3, wherein transmitting said second paging signal is performed at a first
fixed time offset from the time at which said first paging signal is transmitted; and
wherein transmitting said another second type paging signal is performed at a second fixed time

offset from the time at which said first paging signal is transmitted.



to which the individual bit corresponds. 3. The nethod of claim2, wherein
sai d second paging signal is a second type paging signal, the method
further conprising: generating another second type pagi ng signal
corresponding to said first paging signal, said another second type pagi ng
signal comunicating at |east a portion in a second wireless term nal group
which is different fromsaid first wireless termnal group; and transmtting
the another second type paging signal. 4. The nmethod of claim3, wherein
transmitting said second paging signal -#% performed at a first fixed tine
offset fromthe tinme at which said first pagi signal is transmtted; and
wher ei n t r ansmi e Megoded plamyly whesein t‘%‘é‘E‘Bﬁﬁisaﬁfﬁ‘@“‘g‘?ﬁg?‘ﬁﬂg‘?I igflutes tragsmiing Bidmed at
a second f iexad pigmgelgnanfnfoaeaf afpllﬂﬂi'tytolﬁ&ifférbﬂ'ﬁag&fg si‘giru] fifle Sad tdirr&bdhﬂfng ﬂﬁgu ﬂ@t si gnal
Is transm ttl%g51 a %.le time sl tmw i€ sax(a secondp ing si ghs ansmu?ed% elsmrrllnéd ase Sal d
second pagPﬁ Pb I'ncrudes ransn1t?$ﬁ§5% A TEES %aglng S|gna in one
of a pl ur awhighywirgfesiprinfral io the firshgrpupepf ylrgwaﬂemtmamald; begtnd pegingmesspgrisdingedto sai d
first paging signal, the tine slot in which said second paging signal is
transmtted being deternlned based . on which wireless term nal in the first
group of whrel d&methedpafglaimsl, whergin said fust andisergpdyymbars fdnfrmption ity e difgent. o, 6.
The met hodsa@f se@hduiuibdr,of iREH RiomMbis dkifg higériian sdiidifirsacaieofititber s of i nformati on
bits are different, said second nunber of information bits being |arger
than said first nunmber of bits. 7. The nmethod of claim®6, wherein said first
pagi ng si ghal iThemethebnficlimed whereimsaid firss ppang sigeh! iskrarshited in altigs gertoth whicklis sy mbol
tinmes in digakh @Bymbdfintks HEaAR6h, &ﬂﬁhé&gd ﬁgﬂ@ﬁénahﬁhﬁgmls&ﬁt%m&ét% ?nt.bo'l east two
symbol tines after conpletion of transmtti of said first paging

si gnal , anﬂ'“?ﬁﬁg?‘ém%l’*%&??rﬁfd]l‘ tfﬁfl%ﬂlﬂ%ﬁ%@f}@m StBBalé“? WPFée PIPPYdmEsed to
transmit acdigspbils to aGime phreod nisdd oehnadit .0h@bain 1, wherein said first nunber of
bits of information is one. 9. The method of claim1l1, wherein said first
pagi ng signal indicates if there is a paging nessage for at |east one
wirel ess t&rni rikhe methodofiaimel, herein saidfiry abmbgr @ bjts df inféroeliondgs oneil ti pl e wirel ess
termnals. 10. The paging nmethod of claim9, wherein said second type of
nodul ati on reqU|r|n use of conmuni cations channel information to

dermodul at %t he THif8 ?Fa‘t|°8ﬁﬂnﬂrdﬂ’ﬁqe&ﬁ%%iprﬁﬁn%%ﬁnd"§é@€‘6ﬁ8 £ 5 PRINg MESHeA ot i on.
it. The nehthast onf witdesd teimida] in b wirtlse ferrfitul PioupSihd@ing pRftipRaVirelads keymingpeat i ng sai d
steps of transmtting said first and second paging signals. 12. The net hod
of claim1, wherein said first paging signal indicates if there is a paging
message f ot0. atThe papiig methed oficki & svbertip said saeond fype of mpilylatioe requitingrusd afal  gr oup and

wher ei n - sapghpinfcflofSRarh@iffbi@ion% @B dilate R ¥Rformation modulated with said second type of

modulation.

i1, The method of claim 10, further comprising:

periodically repeating said steps of transmitting said first and second paging signals.

12. The method of claim 1, wherein said first paging signal indicates if there is a paging message for
at least one wireless terminal in a wireless terminal group and wherein said wireless terminal group is one
of a plurality of wireless terminal groups, some of said plurality of wireless terminal groups being

multicast groups including a plurality of wireless terminals.

13. The method of claim 1, wherein said first type of modulation method is non-coherent

modulation.

14, The method of claim 13, wherein said second type of modulation is coherent modulation.



of a plurality of wireless term nal groups, sone of said plurality of
wireless termnal groups being multicast groups including a plurality of
wireless termnals. 13. The nethod of claiml1l, wherein said first type of
nodul ati on nmethod is non-coherent nodul ation. 14. The nethod of claim 13,
wherein said second type of nodul ation is coherent nodul ation. -43- 15. The
nmet hod of claim 14, wherein said non-coherent nodul ation type is one of

on/ of f nodul ati on, orthogonal nodul ation, and differential nodul ation. 16.
The met hod of claim 14, wherein said 4;econd type of nodulation is one of
guadr ature phase shift keyl ng and quadrature anplitude nodul ati on 17. The
nmet hod of ai f|r t an on. signal s
are transmgt te g\lglofff %lfnelntWhﬁroefnﬁfl n?"‘cogerer?gmocpg“d’a%éésgoﬁﬁoi)ﬁé ‘ﬁ‘f"br mat i on
si gnal bei wglogon%imt)mlettvedn@dlffaemalms)ﬂulitwued time offset fromthe tine said
first paging information signal is transmtted. 18. The nethod of claim 17,
wher ei n sal d second pagi ng information signal includes information used to
identify alfi reTh%E‘éth‘tdé’%FﬂF‘H‘dl“ Yhsreinanig seegrd vt mgulationds qrpelfuelrasie RpsisHit 18,

wher ei n S akefling 8RAQGMraAAGAnPYtuB GotdlatidnnCcl udes sufficient information to
uniquely identify a wireless termnal within a group of wireless termnals.
20. The nethod of claim1l, wherein said first signal indicates that there is
no pagi ng lessdyembtoed cdplyim Mivhadiess! firgandiseraddpaging infofmatien sigmlparp trokmined el ess
termnal's RulfeleR@bink BRI, Lot oo ARAENGInBRRT Ak Bein@hark St ot O il ffd €SS

terminal in a second group of wréless termnals. The nethod of claim1,
wher ei n saffffeidipaiiatimeapp St resiae ﬁ@ﬂ%ﬂ‘hﬁ'%ﬁ'ﬁﬁfé‘f‘s’@‘ftedw reI ess termnals which
can be registered to receive pages in said systemat a point in tine; and

wherein the first n r. of b|tS|sIes than e.nu bits required to
uni quel y |gsent ﬁ‘em@tﬁm?c%'f" oo i f%rg?t'%srg@‘ﬁg?@d"ts FATHLs. 22.
The et hodusgdtomeal&wwuelm@mahmlsmmstnrat| on included in said first paging
nmessage in conbination with said sufficient information to identify
individual wireless terminals included in said second agl n ssage
uni quel y i Hent iThp wethed afflaim lés‘ghefe@rsrvﬁﬁa?ndipﬁgwrgaalw%@eéﬁv gept “’%ﬁéﬁ“ﬁ'\b‘f’hod of
claiml, wagfuely Meitifpdsindldst te@nabaitth 4 dréuplof Wa@st@midagnal i ncludes transmtting
said first paging signal into a comunications channel, and wherein said
first nodulation nethod is a nodul ati on nmet hod whi ch does not require

20. The method of claim 1, wherein said first signal indicates that there is no paging message for any

wireless terminals in a first group of wireless terminals but that there is a paging message for at least one

wireless terminal in a second group of wireless terminals.

21. The method of claim 1,

wherein said system supports a maximum number of wireless terminals which can be registered
to receive pages in said system at a point in time; and

wherein the first number of bits is less than the number of bits required to uniquely identify each

of said maximum number of wireless terminals.

22. The method of claim 1, wherein information included in said first paging message in
combination with said sufficient information to identify individual wircless terminals included in said

second paging message uniquely identifies a wireless terminal in said system.

23. The method of claim 1,

wherein transmitting said first paging signal includes transmitting said first paging signal into a
communications channel, and

wherein said first modulation method is a modulation methed which does not require

communications channel information to be used to demodulate said modulated information.



communi cations channel information to be used to denodul ate sai d nodul at ed
information. -44- 24. The nethod of claim1l, wherein said first paging
signal indicates a group of communications devices, said second pagi ng
signal indicating which particular paging device in the group of
comuni cati ons devices the paging nessage is directed to. 25. A base station
for communicating with wireless termnals, said base station including:

first paging signal generation nmeans for periodically generating paging
signals of a first type, said paging$%ignals of a first type indicating
whet her a g|n i (%e wll be trapnsmtted to at | east one W rel ess

term nal i ﬁf GRimale Whersin faiddist pagme signaf lndicates;a gropp ofcommyniGationgei ng one
of a plur aﬂevtcys, safd seaphd pakiag Sgriabindidatigy whjph(parﬁal,lar peging déviice i thggrawpf i ncl udi ng

mul tiple i g signal generation neans for
generatlngagﬁ%§§§ﬁ5c£uagaﬁig?ﬁnﬁggg dgﬁggg using a coherent nodul ation

nmet hod, said paging signal of a second type including sufficient information

to identify am bmwlbﬂ%%onﬂuﬁﬁdtﬁéﬁﬂ\%Eéiﬂsﬂéﬂmﬂaﬁ stidbsle Etatroﬁtncﬂ&@gap to which
t he pagl ng ness sal gi.ng si gnal ni cating

fﬁge i.s directed ? §F

with said inforffPiesg sigpal Seé‘&’?l“’“él“eﬁﬁ Y PYR ‘8?11y§ t“l%"ﬁ'?ﬁj‘%’?ﬁl%%fa‘ BtYBhd neans
for transmsddpagioe Sgkisoffa firs typaindicsieg oithei afpgingdragaggwlibg ralsaitted t3 6t leadtioge base
station of 1S e} ncl udes
reans for Mhdar ‘amt it im0 Gt 5t e ey R o8RRI o, 01 901
i ndi vi dual wml‘esgte@m @Q%ﬁaﬂ figt Freppdiciufling @hltlplgwmstemfm% rel ess terminals, an

i ndi vidual bit JGedh®spRpsidatehatdn ﬁéaﬁyﬁr Sfieriing @bfg&g mg@ama@@éo&d tpQbifdd i ng i f

there is a pa ssage for. at. lLe one wireless termnal In the group
of wirel es§ %Fm%ﬂﬁﬁ? %h%h?a@t?aﬁ“i‘ﬁ’e“ﬁn 8}%6‘61’&%”%'?? ludingspfheiny pigmationto The pase

station of idedtify amiidisvidublwritelesner@batpa saili fing grodp tb whikisthe Saging meisagahmedmaaﬁ to

control tr 1 SSI i . i f time
orrset. 1oLt boriflbfiy BESARGRRGA S QU pflonBrilidngdeblh oty 70
control transnmimeghder tehsmitingeld &t ad sespnd oty prensaighaly si gnal at a second fi xed
time offset fromthe tinme at which said first paging signal is transmtted.
28. The ba stat|on of C'lr i m 25, further conprising: signaling nmeans for
controlli ngﬁesal & 0P 8Ll dho i t t ng to transmt said second paging
signal in one vdferet spill Grstdignblgefatiol :ﬁéamneuhideqomgnsrfgr nxidglatidg ntuitigle islivalug bits
correspondi a I in
whi ch_sai dl)iggfg%nﬁgcﬁl 40916 of Ja%gndwm%gs c%lrgsﬁtﬂldm% {omﬁ‘febegfe‘%cwpg%ﬂ“g{relegs te.[;ggmaagﬁe d on
whi ch  wi r &digiglyal blé?omeqﬁmdmgrﬁp 7 greupfof wgqlesgtﬁwlswfdlwwgeﬂt@s@s # pAgivk passage & ptd
second pagieldofiREeRA erhihalG tB@ErBLﬁ:d)f{erles;@rrmﬁEnQo PRathshatibambitbr&habm 25,
wherein said first paging signal type generation neans generates pagi ng
signals of the first type,

27. The base station of claim 25, further comprising:

a transmission timing means to control transmission of said second paging signal at a first fixed
time offset from the time at which said first paging signal is transmitted and to control transmission of
another second type paging signal at a second fixed time offset from the time at which said first paging

signal is transmitted.

28. The base station of claim 235, further comprising:

signaling means for controlling said means for transmitting to transmit said second paging signal
in one of a plurality of different paging signal time slots corresponding to said first paging signal, the
particular time slot in which said second paging signal is transmitted being determined based on which

wireless terminal in the first group of wireless terminals said second paging message is directed to.

29, The base station of claim 25,
wherein said first paging signal type generation means generates paging signals of the first type,

said first type paging signals including a first number of information bits; and



said first type paging signals including a first nunmber of information bits;
and -45- wherein said second paging signal type generation neans generates
pagi ng signals of the second type, said second type paging signals including
a second nunber of information bits, said second nunber of information bits
being greater than said first nunber of information bits. 30. The base
station of claim?29, wherein said first paging signal type generation neans
includes: a first nodul ation nodul e for,_nodulating information bits using
one of on/off nodul ation, orthogonal 78Ul at i on, and differential

nmodul ation. 31. The base spation of claim?29, wherein said secqgnd paging
signal type gen&lT K %{iﬁ%g’ilﬁl%?ﬁ'd?§ .generét“g@?:eﬁ'ﬁ@e'}?ﬁ&ﬁPa&f“ﬁB‘ﬁ“aﬁﬁg@F gy

nmodul at i ng tipafsad sednd ope prging sigsisriggluding a etond waskeas Aiifermaitadas, sdi ftond keapkmng and
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term nal, toﬁigg%rbeaglﬁrgﬁtsco %‘se}ﬁ%sagmﬁ@gggfofgﬁnggtlgfggb node of operation to
receive a first paging signal indicating if there is a paging nessage for
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first group inct '“??a“m?f‘f‘}"ﬁ Biofunedufetingdnformatiqniblisysing onepf gn/gif meduielion, ¢ o i pay
bei ng a nerbiggoelf maialatonf and diffegntalipodufatanf or M ng a first denodul ati on
operation on said first paging signal to produce denodul ated infornation,;
determ ni n% if said denodul ated information indicates that a pagi ng nessage
was transmdit edThedase gatinefgpim3favharsinised seemnd pagingpignal typggenepion mers inpludes: | s

det erm ned t hat 3 &and md@UERGMMEduRor nIQHINB tnffdRatio BiksGSih £éhe b RhdrAurP piakNGirMES Sage
was transmnitted; menber of the first group: (i) performng

to at | east on
a second dé%’&&P%ﬂ‘iﬂ%ﬁ“rBﬁ‘@ﬁgﬂe&‘?d‘gﬁwﬁ second paging signal; and (ii)

determning frominformation included in said second paging signal if the
second pagi:hg i i : i .of ~a pagi ng nessage

di rected tgasai glllg\na?&e?flggés;i#g?%r%%f leﬁ:ﬁ%‘i ﬁ%‘l‘_{e&&%ﬁoﬁ@ﬁ&% claim 32, further
conprising: if #vakingfrefep deapimedeiofiopration igireseiventivel nhainesigng! indisativgifithsre i di cat es
that a pagiphng MRS N6 ARSst SHe twirelbds Rnsindl i £st ofoff iR tdrRinds, Sli€HR grgle of
operation. 34. Th{emgethoc} of claim 32, wherein sai (? denodu] ated i nformation
produced by*BeHBatA PR NPIHEless f9Piog! efoupsi st e g nqHe qubiele MiFIET bl e

i ndi vi dual tdemninals,efid windleas temtinableing 2 @embe bf saidifieht grogh; Vi dual bits correspondi ng

to different gr Of AM. T .term.nal s ..an i ndi v i rhespondi ng
to a group of @n&f?@l%sas tg%ng:aﬁlgtfoégimngg f”?%"tsf'ﬁg“? qag'fqﬁseléngf{?Emgucgpg%:g%aq%essage
for at | eadnformationyi rel ess ternminal in the group of

determining if said demodulated information indicates that a paging message was transmitted to
at least one member of the first group; and

if it is determined that said demodulated information indicates that a paging message was
transmitted; to at least one member of the first group:

(i) performing a second demodulation operation on a second paging signal; and

(ii) determining from information included in said second paging signal if the second paging

signal includes at least a portion of a paging message directed to said wireless terminal.

33. The method of claim 32, further comprising:
if it is determined that said demodulated information indicates that a paging message was not

transmitted, returning to a sleep mode of operation.

34. The method of claim 32, wherein said demodulated information produced by demodulating the
first paging signal includes multiple individual bits of information, some of said individual bits
corresponding to different groups of wireless terminals, an individual bit corresponding to a group of
wireless terminals indicating if there is a paging message for at least one wireless terminal in the group of

wireless terminals to which the individual bit corresponds; and



wireless termnals to which the individual bit corresponds; and -46- wherein
determning if said denodul ated information indicates that a pagi ng nessage
was transmtted to at | east one nmenber of the first group includes exam ning
the bit in said multiple individual bits corresponding to the first group
of wireless termnals to nake a determ nation. 35. The nethod of claim 34,
wherein multiple second type paging signals correspond to said first paging
signal, said second type paging signals having different time offsets from
said first paging signal, the nethod &t her conprising: receiving said
second paging signal at a tjnme offset fromthe point in tinme at which said
first paging sVGHAl de{ﬁH%m’P%‘ééﬁ“Vgﬁ‘ﬁ“S’éﬁdH‘f?q“ﬁémB‘Idggt%stthab%l’aﬁtj'gé{‘e?ﬁ?géd’éi erm ned
ti me of f setracoited®poedi angmeebet bighd first gioup igelalapexahining the biedsail ankiplmal . 36. The
met hod of ¢lal iSOG . eLne hat said
denodul at egdd@?dg%%gsrfgt %&Bﬁ,ﬁ?%gﬁ@%@%@ lfqﬂtgtw ‘%@%%S:“ '%fgé trﬁréngge;agdé wasaq?]%'ansm tted,
perform ng a channel estinmation operation prior to performng said coherent
denodul ati gs opefedietiofof chifn 34] WEeré®intaBEle REond kBl PRoiRE sighiRRERisfnd Bistld fidst St
pagi ng signal. has a ,guratdl on of I.es? t han.4 synbo tlgres,. ere.a E‘Y ol
time is tREBBHEASHG oo pPe naaing SRS Py pRtiferenbiinag A5t romypis st prelng sigPak e c ond
pagi ng si gtigzlimethad fugthed comgisionn of at | east 10 synbols; and wherein said
channel esti matj,0n. ' IS, ot j : V] ' econd
paging o gnal . o ARL Relralh oAl bl A GRE G o} R GG DRBRRF T
sai d sl eep Praiesiendl wapraselred. said tmg afiset beingragusdptamingd ding ofseleerrsrpngingfp g first
si gnal i ng; gmay\@fm,@iegggenﬁfngm sai d sl eep node of operation for another tine
prior to receliving said second paging signal; initiating a channel
estimation operation prior to receiving said second paging signal; and
wher ei n sai3fl w Tlelneged dictain 3 furtbg nenpmisisg: vbasit ip daeeminedthdt eaid demsdilakds| eep node
t han when . I; I i ope i I L bei ng
woken up. 1 e ep ik ke3P B QRC L ] RGN SpRER
wher ei n saiPtorfie pesfprmingspid cohgrent demasiplatioaopasttion.s a non- coherent  denpdul ati on
operation which does not use channel information; and wherein said second
denodul at i (%2 Oﬁ?‘fr at i $nf iafs ﬁ%coherent denodul ati on operation which uses a
communi cat i"dns CIFAFHEY %88 Mt e to perform said denmodul ati on operati on.
wherein said first paging signal has a duration of less than 4 symbol times, where a symbol time

is the amount of time used to transmit a symbol;
wherein said second paging signal has a duration of at least 10 symbols; and

wherein said channel estimation operation is initiated prior to receiving said second paging

signal.

38, The methed of claim 32, further comprising:
returning to said sleep mode of operation prior to receiving said second paging signaling;
awakening from said sleep mode of operation for another time prior to receiving said second
paging signal;
initiatiﬁg a channetl estimation operation prior to receiving said second paging signal; and
wherein said wireless terminal consumes less power while in said sleep mode than when
operating in an active mode of operation which occurs upon being woken up from said sleep mode of

operation.

39, The method of claim 32, wherein said first demodulation operation is a non-coherent
demodulation operation which does not use channel information; and wherein said second demodulation
operation is a coherent demodulation operation which uses a communications channel estimate to

perform said demodulation operation.



-47- 40. The nethod of claim 32, wherein said first paging signal includes a
first nunber of bits and said second pagi ng signal includes a second nunber
of bits which is greater than said first nunber of bits. 41. The method of
claim 40, wherein information obtained from denodul ati ng said second pagi ng
signal includes at |least a portion of a wreless termnal identifier, said
nmet hod further conprising: determning fromsaid at |east a portion of a
wireless termnal identifier if said_Qa%e was directed to said wireless
termnal. 42. The method of claim 41, erein said at |least a portion of a

wireless tegmnal identifier, | .comhi nation Wt irel ess, termnal .group
Mdent 11 carbon TisFiSERRY e S s e gLl B RRp S il

si gnal pr ovécomipaging signgjursivdesrastoenrsnuimber of it Whicllie gteatéritien saihfirstmumber ofibish. y
identifies which wireless termnal, in a conmunications systemin which
said wireless termnal is. |located, said pag%gg nmessage is transmitted. 43.
The net hod 4bf cThsimehgdot clfedh heredn inferpriintetaingg Bem demadplpting saidecerBe pasingd by
denodul at i Bignasatlddes e A@oraOif A irelesy Rthindl RedtifieleSidahetHo® Aftherdof@kig:on of sai d
pagi ng nmessage. ;44.. A wirel erm. nal. conprising: ans for performng a
PrPst Odemaut ot fekmae ot FiF Ba® SRR BRIRL P BiaRe pi P PEASEE 0O

si gnal i nditcsaidiwigleisterminalr e i s a pagi ng nessage for at |east one wireless
terminal in a first group of wireless termnals, said first group being one
of a plurality of wireless term nal groups, said first group including

mul tipl e wittel e5 nethodphslindl, whergn %HG@E@JOF@F A irelepdprAgabidsrtifighdr  of sai d

fi ][ st grou [ﬁamlﬁlgliidl \iﬁi'thr\ﬁieil%ﬁkeﬁﬁdm gidup @entifiedtibginfoaidtion zﬁﬂaﬁheﬂ By de@0aNAihg dlmdmdt ated

i nformation_i.ndi catin et her. aqi ) irected tq.at .| east one
menber of ?‘Femgfsfgf"’g? oS ap ™ W’rege‘c’esq?r&é’%g%n%reai;%&cugﬁf’er]%\%e“(r?rlglgf’n@mg(‘)”ﬂ“”l&% ntrolling
t he wirel essmingrink paimunigatioassystee inavhich saiddirgleagtermdnakis tpratdd, Bid pagingaeesagk is t ype at
a pre-sel eghggided e When i nformation recovered fromsaid first paging signal
i ndi cates a pagi hg nessage corresponding to the first paging signal will be
transmtted and for controlling the wireless termnal to enter a sleep node
of operati @apn anthemehRd 6f clafin $7 wHerSih &R{eRBIIRLEO fnfRfion bbtsied YR Hdnlod@hting Eaid al d
pre-sel ect ed Higqnwgeq.s?hd %pfggnﬁtiop recovered fromsaid first paging

si gnal i ndi"ta sgé;ﬁgafﬁﬁlﬁ§e ?ad%’%%?r%@ﬁ%%@ﬁﬁﬁaeo the first paging signa
will not be transmtted; and neans for perform ng a second denodul ati on

operation ap thg witeSk¥fdasarRigds.Pagi ng signal to recover nodul ated
information including at | east a portion of a paging nessage directed to

said wirel ess Pephioheerforing adiit Agmodeation pReraipragta sy pegie sigeah £414 frstpaeiiendi vi dual
Wi rel ess t el maicatingifther if 4 fagibg @EsugPror 4 Teast Iitavirsiessadramsl it £firgl g oodireRbsai m 44,
further co @n‘r‘ujne?lg, ngd f'1r§t4g§o_up being one of a plurality of wireless terminal groups, said first group including
multiple wireless terminals, said wireless terminal being a member of said first group, said first
demodulation being performed to recover modulated information indicating whether a paging message
directed to at least one member of the first group will be transmitted,;

control means for controlling the wireless terminal to receive a second paging signal of a second
type at a pre-selected time when information recovered from said first paging signal indicates a paging
message corresponding to the first paging signal will be transmitted and for controlling the wireless
terminal to enter a sleep mode of operation and remain in said sleep mode of operation until after said
pre-selected time when said information recovered from said first paging signal indicates a paging
message corresponding to the first paging signal will not be transmitted; and

means for performing a second demodulation operation on the received second paging signal to

recover modulated information including at least a portion of a paging message directed to said wireless

terminal and sufficient information to identify an individual wireless terminal in the first group.

45. The wireless terminal of claim 44, further comprising:



means for performng a channel estimation operation follow ng receipt of a
first paging signal including information indicating a pagi ng nessage W ||
be transmitted and prior to receipt of said second paging signal. 46. The
wireless termnal of claim45, further conprising: timng control neans for
controlling said wireless termnal to enter a sleep node of operation
follow ng receipt of a first paging signal including information indicating
a paging nmessage will be transmtted ang for awakening said wrel ess
termnal to a nore active state prior f6%sai d pre-sel ected tine 47. The

wireless termnal o m46 her co cont rol leO
deternining if s%aflsa‘{’ rpe'f rr&t“‘."%%‘.'"%%#‘%}ﬁf%ap n@ rdéh%“g‘fﬁrﬁ‘ielp?fga o B ‘é’%%%é pagi ng
si gnal i nclngddisg lafwrrnadernmdlltatlegamgmesmc willdp bmamittedand piiat taveeeipt &ssd teemidi nal ;
and cont rol,Jpans,;for taking an action in response to information obtai ned
by denodul at1 ng sald second pagi ng signal when said information is

determ ned to include an identifier which corresponds to said wreless

term nal anse fmemekgswnhhﬂgfaaﬁ,dsmaceﬁﬁmmgrm' nal to enter a sleep node of
oper ati on when gete i nf.ormation, obt ajn
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first paging signal to recover nodul ated ormation I catl ng er a
pagi ng nessage includes at |east one of an on/off nodul ation dermdul at or,

an orthogonal Wnﬂhklnalbis%nﬂﬂr&ﬂd&hlna5(ﬁﬁrdwr&6ﬂprﬁmgdi fferential nodulation
denodul at or.

ess . ter of cl
er form ng a cotETLRES At Pimafiee Peirdly denollShE-BLET R P8P e
i ncl udes asighabmetdepmadafifica whidchragponde topiid weelshiefntindkeyd ng nodul at i on
denodul at or andﬁoﬂmﬁ&&% fr Hak gﬁ{/@ﬂldnﬂﬁﬁgﬁoﬂpﬂ%fé’&r}a% g?ﬁ%ldérﬁ&{xlatué(gaxdp‘

conput er readab e nedium e I ng machi ne executabl e | nstructions for
cont r ol | i ngecend paging sigaalpden said|indopmation s determtngd tagelyds ant ideptifierwhich passspordstoni nal i n
a conmuni cadid Qi?&es§t¥n’iﬁ1ﬁ[ﬂnumﬁh¢iﬂblﬂ@ saidbirkleds kefinikdl ERth R5S5s1def nBAc bR bferatideheirEt O

conpri sing dul.ati.n Irst t of nodul a rst nunber of
bi T5 of 1 miiGTARETT O “PLeidTuPad oy ity SR SRLRAP R BELOTR T ther o
i S a pagi ngclrdsmadyatiffeowhiett cotrespantds o mad wirdlead terggnat erminal in a first group of
wireless termnals, said first group being one of a plurality of wireless
term nal groups said first group including nmultiple wireless termnals,
sai d first*pagi ﬁgwlgﬁéﬂmeaﬁg@wﬁ@ vehereig meqns &or peaforRg 2 Rop-cpfierest dgmodulation
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differential modulation demodulator.

49, The wireless terminal of claim 44, wherein means for performing a coherent demodulation
operation on a second paging signal includes at least one of a quadrature phase shift keying modulation

demodulator and a quadrature amplitude modulation demodulator.

50. A computer readable medium embodying machine executable instructions for controlling a
device to implement a method of paging a wireless terminal in a communications system including
multiple wireless terminals, the method comprising:

modulating, using a first type of modulation, a first number of bits of information to generate a
first paging signal indicating if there is a paging message for at least one wireless terminal in a first group
of wireless terminals, said first group being one of a plurality of wireless terminal groups, said first group
including multiple wireless terminals, said first paging signal conveying said first number of bits of

information, said first paging signal including information indicating if there is a paging message;



generate a second pagi ng signal, said second type of nodul ati on bei ng
different fromsaid first type of nodul ation, said second paging signal

i ncl udi ng, when there is a paging nessage, sufficient information to
identify an individual wireless termnal in said first group to which the
pagi ng nessage is directed, said second paging signal communicating with
said information at |east a portion of said paging at |east a portion of
sai d pagi ng nessage when said first paging signal indicates that there is a
pagi ng nessage; transmtting said fivst pagi ng signal; and transmtting
sai d second pa sign 51.. The caonputer readabl e rredl um of cl ai m 50,
wherei n said flq’? ré]gatﬁlﬁ'g’s@%?ﬁﬁ??d ﬁ'ﬁﬁ?fé‘f"ggg‘i‘m %SPEPRA HEPTT SRS ot Intompaiondp £ er ent

sai d secongkensraterberond bagingfsighakabid mmhn)mSoﬁrﬁidﬁlgmhaa@aﬁfmeaﬁorsaidfﬁt bpsbf nunber
g; g.b'n L gﬁ%quzt}&, GHIRU ELaph £ 8GR udTR Al hlémhgrc b 5ol ieksagd! AE et R afln | Vool
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synbol tings secfoﬁ@;raglﬁgaaﬂaﬁwaem&img Wit shifi dRSMAtioh bel@stQporit oF sfid Fapihg RAGL lag
signal, and whe to a tinme periqd used t

e time rres ond
transnit ap°§'§PHﬁgﬁa‘d p%“gy ‘Wsﬁ%‘i/‘i’ll?ﬁsaéd&pfﬁlp? gsigna E‘d'ﬁ?t‘i?élé"%tahHF ’Sé@?ﬁ“?gdwsé%? to
control said demhsedtidgsaid fistpagag @gnalisidng a first type of nodul ation, a first
nunber of bits of inf osglggéc!n%r}) %ﬁ)gs ferate a first paging signal i ndi cat i ng
if there is a paging ssa et least one wireless termnal in a first
group of wreless term nals said first group being one of a plurality of

\tM rel esls term rm% C(ﬁ{pgﬁlﬂ@adalﬁ@rhéjinﬁﬂ Jf@iamgsromreui i ki Ifkadan]ggecm%alnhmﬁégseofw ][elbetss f
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there is aoffiitgi ng nessage; nodul ate, using a second type of nodul ation, a
second nunber of bits of information to generate a second paging signal,
sai d second type of nodul ation being different fromsaid first type of

nmodul at i on32. s dihecompeieirerdptdenedinsefglain 51; whereindpid dirst nogiag sigriabis sansmitted ipagi ng

message, s%égeﬁbcﬂmmhm&@ﬁmh gmoit&es HQi¥bdichYsa@ Becorld pkiNd Sindlbeind £ B5BRS of €F M Nnal

in said fi i ch ness s directed,  said second
pagi ng sig % twgé’fﬁt'iﬁh “E:eé\fll? "Wsel“?f‘ @%% a‘%ﬁf“ﬂﬂgr?gi%ldéjﬁﬁaalglqgé’ﬁ?ﬂ 2ad WkE on of said
pagi ng at iym’aslttnnacqms]iondsm@tﬂme;&ﬁoddxsqmagiraagnifmmacge when said first paging

signal indicates that there is a paging nessage; transmt said first paging
signal; and transmt said second paging signal. 54. The device of claim53,
wher ei n safd fiAdvicaepmpadsngond nunbers of information bits are different,

sai d second nunbgjcestr chnRfE@EJBEIGH sl bevicb®l Ng | arger than said first nurrber
of bits. -50-

modulate, using a first type of modulation, a first number of bits of information to generate a first
paging signal indicating if there is a paging message for at least one wireless terminal in a first group of
wireless terminals, said first group being one of a plurality of wireless terminal groups, said first group
including multiple wireless terminals, said first paging signal conveying said first number of bits of
information, said first paging signal including information indicating if there is a paging message;

modulate, using a second type of modulation, a second number of bits of information to generate
a second paging signal, said second type of modulation being different from said first type of modulation,
said second paging signal including, when there is a paging message, sufficient information to identify an
individual wireless terminal in said first group to which the paging message is directed, said second
paging signal communicating with said information at least a portion of said paging at least a portion of
said paging message when said first paging signal indicates that there is a paging message;

transmit said first paging signal; and

transmit said second paging signal.

54, The device of claim 53, wherein said first and second numbers of information bits are different,

said second number of information bits being larger than said first number of bits.



55. The device of claimb54, wherein said first paging signal is transmtted
inatinme period which is Iless than 4 synbol times in duration, said second
pagi ng signal being transmtted at | east two synbol tinmes after conpletion
of the transmitting of said first paging signal, and where a synbol tine
corresponds to a tine period used to transmt a synbol. 56. A base station
for communicating with wireless termnals, said base station including: a
first paging signal generation nDduI% for periodically generating pagi ng
signals of a first type u5|ng a non=Coherent nodul ati on met hod, sai d pagi ng

signals of__a first type indicatin ether a in ssage mnl be
trgnsnltteé tojﬁi&W@% €lagheh WFT@T%@?h?3WWﬁH§PP?ﬁm§gF$$EPhﬁgﬁﬁﬁd Fdhfreless
t erm nal s, less a4 Symbolsmegmdmptldneialdgecmd@agmg signgd Ibeingtkangmyittaifat laast Wb egebol er mi nal
groups, s at'in%s Iil’te'f §0tm g:[l&‘}lutﬂ tHe Hﬁfu@g}f {ﬂﬂl th Pf]gtﬁlig F\igﬁaﬁ, %mreta%grgﬂo'ﬂ es a second
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type u5|ngmﬁmmﬁﬁhﬁﬁéﬁ@P%ﬁﬂ&ﬁﬁpm@ﬁmﬁéﬁﬁﬁﬂ sai d pagi ng signal of a second
type including sufficient |nfornat|on to identify an individual wreless

termnal i sai flr oup t.o whi a ssa irected, said
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generation . dulelgpnerates pagi ng signals of the second type, said second

type pagi ng"eryHH™"i ncl udi ng a second nunber of information bits, said
second nunber agdcondphgingsignkl@mebiticromdigk fiy ggrertitgapagupipnsaf dsefdnd type wigber of

i nf or mat i ogy ent ﬁoduﬁ on Jéa%d%ﬁﬁagﬁg a@&a%Fcoﬁetggermc%Pgmﬁ&&t @foﬁﬂttgn i st
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r. . contr II|n rel ess
termnal to |W6W@W§ﬁ Tﬂ%%g§rﬁ@“ﬁﬁ?ﬁéﬂéggﬁﬂ$ﬁgp Eagﬁﬁﬂghfron1a sl eep
node of operation to receive a first paging signal |nd|cat|ng if there is a

pagi ng nesgage Ti\?lgas@sttanbx‘?ﬁ%fam%be wireless termnal in a first group of
W reless termna sald first grou being one of a plurality of wireless

termnal groupdvherginpsaid fiptpaginggienel bYpr arradin mydyiegenrpeseaging sanals of therfstt pphal s,

sai d wi r el Qs §pdPapiag sifis m@m&nmeimmm ofSis¥bréhafidn/bes; agl OUp, performng a
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type, said second type paging signals including a second number of information bits, said second number

of information bits being greater than said first number of information bits,

58, The base station of claim 57, wherein said first paging signal type generation module includes:
a first modulation module for modulating information bits using one of on/off modulation,

orthogonal modulation, and differential modulation.

59. A computer readable medium embodying machine executable instructions for controlling a
wireless terminal to implement a method, the method comprising:

awaking from a sleep mode of operation to receive a first paging signal indicating if there is a
paging message for at least one wireless terminal in a first group of wireless terminals, said first group
being one of a plurality of wireless terminal groups, said first group including multiple wireless
terminals, said wireless terminal being a member of said first group;

performing a first demodulation operation on said first paging signal to produce demodulated

information;



-51- determning if said denodul ated information indicates that a pagi ng
nmessage was transmtted to at |east one nenber of the first group; and if
it is determ ned that said denodul ated information indicates that a paging
nessage was transmtted; to at |east one nenber of the first group: (i)
perform ng a second denodul ati on operation on a second pagi ng signal; and
(ii) determning frominformation included in said second paging signal if
t he second pagi ng signal includes at Ieast a portion of a pagi ng nessage
directed to said wireless terminal. 60°!The conput er readabl e medi um of
claimb59, wherein said nethod further caonprises: if it is determ ne that
sai d denodul at &¢erminmg e deedylsien infammation; ipdigatestha) 4 paging messege s trepsmiterfp
transmttedlpasfcﬁtetnbrﬂbdﬂgfth«ruagﬁ)h@em node of operation. 61. The conputer
readabl e nediu i d et hod further conprises: when it
is determ ned mt'tﬁli)sadte%m(f}negl ﬂlc?"gsald\gn dfla%d }n? oar“?rréﬁh%anes |thr"’1‘{1a Rear %mes%%a?asa pagi ng
nessage wdmnamiteddonitieass dne mqpderfob frefinstgrevpchannel  estimati on operation prior to

perform ng sai g ;reg&ﬂﬁr%@tsecdmslwmmme%m LeBdhd paghidsighik aaPPAr at us
conprising: a Eaﬁcessor for use. in wireless termnal, the processor

configured to grgjning Sog “W?W’é‘l“’éé“é?l“d‘tdé‘f Hidisefond Raging iR the BfrdP¥igep node of
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mfornatld‘ﬁnS SPIPRE ojasleepnosle QkREAMat ed i nf or mati on indicates that a
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t he second pagi ng signal includes at east a portion of a paging nessage
directed to said wireless termnal. 63. The apparatus of claim 62, wherein
sai d procegsor Anspphtiful betpridgnf i gured to control the wirel ess terninal to:

a processor for use in a wireless terminal, the processor configured to control said wireless
terminal to:

awake from a sleep mode of operation to receive a first paging signal indicating if there is a
paging message for at least one wireless terminal in a first group of wireless terminals, said first group
being one of a plurality of wireless terminal groups, said first group including multiple wireless
terminals, said wireless terminal being a member of said first group;

perform a first demodulation operation on said first paging signal to produce demodulated
mformation;

determine if said demodulated information indicates that a paging message was transmitted to at
least one member of the first group; and

if it is determined that said demedulated information indicates that a paging message was
transmitted to at least one member of the first group:

(i) perform a second demodulation operation on a second paging signal; and

(ii) determining from information included in said second paging signal if the second paging

signal includes at least a portion of a paging message directed to said wireless terminal.

63. The apparatus of claim 62, wherein said processor is further configured to control the wireless

terminal to:



-52- return to a sleep node of operation, if it is determ ne that said
denodul ated information indicates that a pagi ng nessage was not
transmtted. 64. The apparatus of claim 62, wherein said processor is
further configured to control said wireless termnal to: performa channel
estimation operation prior to perform ng said coherent denodul ation
operation, when it is determ ned that said denodul ated i nformation indicates
that a pagi ng nmessage was transmtted. 65. A wireless termnal conprising:
a first denodul ati on nodul e for perfor‘lsr?‘ng a first denodul ati on operati on on
a first paging naI first aglng si gnal |nd|cat|ntg if there is a
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message W | | transm tted to east one
g g pre-selected time when said 1% ormation recovered from said first paging signal indicates a

after sai
paging message corresponding to the first paging signal will not be transmitted; and

a second demodulation module for performing a second demodulation operation on the received
second paging signal to recover modulated information including at least a portion of a paging message
directed to said wireless terminal and sufficient information to identify an individual wireless terminal in

the first group.

66.  The wireless terminal of claim 65, further comprising:
a timing module for controlling said wireless terminal o enter a sleep mode of operation
following receipt of a first paging signal including information indicating a paging message will be

transmitted and for awakening said wireless terminal to a more active state prior to said pre-selected time.

67. A base station for communicating with wireless terminals, said base station including:
a first paging signal generation module for periodically generating paging signals of a first type,

said paging signals of a first type indicating whether a paging message will be transmitted to at least one



-53- wireless termnal in a first group of wireless termnals, said first
group being one of a plurality of wreless termnal groups, said first
group including nmultiple wireless termnals; a second pagi ng signal
generation nodul e for generating a paging signal of a second type, said
pagi ng signal of a second type including sufficient information to identify
an individual wireless termnal in said first group to which the paging
nessage is directed, said second pagi ng signal comunicating wth said
information at | east a portion of said-pagi ng nessage; and a transmitter for
transmtting, said first and second type paging signals. 68. The base station
of “Ch ai m EPUSRTEN SerrgREp PO Er gy SHE P R SHORDF o3 HHN s
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second pagl ng nessage IS recte conput er readabl e nmedi um i ncl udi ng
machi ne executable instruction for use in a base station that comunicates

with wirelg@ss tresvatenalidh of Slaimth7CamREdombridifgadabl e medi um conpri si ng:

instructions for causi nl%g[% he base station to éul a%ﬁq a first nturrﬁ.er of bits
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term nal groups sai group i1 nc multiple wreless nal s;
i nstruct i gi@alisdinedgdi ng t he base station to nodul ate a second nunber of
bits of information to generate a second paging signal, said second pagi ng

si gnal ing) uding, when there is agi ng message, sufficient information to
i dentify ;)H i ngﬁ"\}}aﬁ&%“’ q#@‘f“e@sﬁ??‘f?ﬂ’ﬁﬂﬁ%gi n said first group to which the
pagi ng a signaling module for controlling said transmitter to transmit said second paging signal in one of

a plurality of different paging signal time slots corresponding to said first paging signal, the particular

time slot in which said second paging signal is transmitted being determined based on which wireless

terminal in the first group of wireless terminals said second paging message is directed,

71. A computer readable medium including machine executable instruction for use in a base station
that communicates with wireless terminals, said computer readable medium comprising;

instructions for causing the base station to modulate a first number of bits of information to
generate a first paging signal indicating if there is a paging message for at least one wireless terminal in a
first group of wireless terminals, said first group being one of a plurality of wireless terminal groups said
first group including multiple wireless terminals;

instructions for causing the base station to modulate a second number of bits of information to
generate a second paging signal, said second paging signal including, when there is a paging message,

sufficient information to identify an individual wireless terminal in said first group to which the paging



-54- nmessage is directed, said second paging signal comrunicating with said
information at | east a portion of said paging; instructions for causing the
base station to transmt said first paging signal; and instructions for
causing the base station to transmt said second paging signal. 72. The
conmput er readabl e nedi um of claim 71, wherein nodulating a first nunber of
bits of information includes nodul ating nmultiple individual bits of

i nformation, some of said individual bits corresponding to different groups
of wireless termnals, an individual bﬁﬁ'corresponding to a group of

wireless termnals ipdicating |f there is a pagi ng.nessage for at |east one
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claim74, fur r rising: . . :
' pa.gvjmgt meessagg c%rr sponscﬁng 90 the first paging signal will be transmitted and for controiling the

wireless terminal to enter a sleep mode of operation and remain in said sleep mode of operation until
after said pre-selected time when said information recovered from said first paging signal indicates a
paging message corresponding to the first paging signal will not be transmitted; and

a second demodulation module for performing a second demodulation operation on the received
second paging signal to recover demodulated information including at least a portion of a paging message
directed to said wireless terminal and sufficient information to identify an individual wireless terminal in

the first group.

74. The wireless terminal of claim 73, further comprising:
a channel estimation module for performing a channel estimation operation following receipt of a
first paging signal including information indicating a paging message will be transmitted and prior to

receipt of said second paging signal.

75. The wireless terminal of claim 74, further comprising:



-55- a timng control nodule for controlling said wireless termnal to enter
a sl eep node of operation follow ng receipt of a first paging signal
including information indicating a paging nessage will be transmtted and
for awakening said wireless termnal to a nore active state prior to said
pre-selected time. 76. A conputer readable medi umincl udi ng nmachi ne
executabl e instructions for use in a wireless termnal, said conputer
readabl e nmedi um conprising: instructions for causing the wirel ess term nal
to awake froma sl eep node of operati oto receive a first paging signal
indicating if there is a paging nessage for at |east one wireless term nal
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at |east a portion of pagl ng nessage directed to sald wreless ?erm’ nal .
77. The conput éﬁsmfcg%vagﬁ PsingtlT Viislest ter@ing] thperiorm ¢ first dy@pdulagpRppiationgn said
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that a pagl ngl 1;T,ef'é'uz‘:g‘ons ?or causurgl%tg d\fvu'eless terrr{u%afjta g&ermme 1 salg &iemogula(.% drmftorma onI ndi cat es
indicates that a paging message was transmitted to at least one member of the first group; and
instructions for causing the wireless terminal to:
(i) perform a second demodulation operation on a second paging signal if it is
determined that said demodulated information indicates that a paging message was
transmitied to at least one member of the first group; and
(i) determine from information included in said second paging signal if the second
paging signal includes at least a portion of a paging message directed to said wireless

terminal.

77, The computer readable medium of claim 76, further comprising:
instructions for causing the wireless terminal to return to a sleep mode of operation if it is

determined that said demodulated information indicates that a paging message was not transmitted.



