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[0003] However, in some cellular coverage areas, such as remote rural areas having low .
population densities and/or areas having widely varying load requirements as a function of time
ora schedule it would be advantageous if methods and apparatus were developed which
allowed a base station to be operated, at certain time and/or under certain conditions, such as to
reduce transmission power and/or reduce interference generated by the base station. For
example, consider that a base station, e.g., a base station along a train track in a rural area, may

. have significant time intervals where the base station does not have any registered wireless
terminals that need to communicate user data, e.g., receive and/or transmit user data. Under

such a situation, during such a time interval the base station power is wasted by transmitting the
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addi tion, [ g ing cells, which may have high populaﬁ'

densitig "gﬁ% éﬁggégggl.ﬁ.havemna active users,. wll  be g@@ OQQP 930
2 T oot et O TP B AiEal ahibe Joutries [Wés%%%ﬁg%wlgéﬁm cells,
synchr o1z P hiN gk ﬁ§f>ulatﬁhﬂibﬁbiﬁ@?an%{cglgfgéﬁgnéﬂ}e&cﬁ% 8ik€ "vﬁﬁ be

| evel experienced in-an adjacent cell -t t hroughput in that
adj acentdvarbdly effectedkby therintesfexgncagaperates frorpiligunmstessary sypdwenizationthwoadcast

coding rate.for,a given . transm ssion power |evel and d ti,on

cchens. “Eoge B =istia e nRRERAEE |0 FRAEincsit o Ahdehloe Bk R rovebout
devel opagihwhidiicent tVeR YeGhicredsadUcs. /ey bein@akla s insheasdthe Bdbdiag kA8 for a given
signals in response to changing systemconditions. It would be

benef i ctransmrsmg@éﬁwwﬂ@ﬁ@@gdmu@ﬁpasm- supported at |east sone of:
rapid transitioning back to a full level of synchronization signals
when required, easily detectable reactivation signaling, seanless

hand- of f opfeoed]i oiswould deidbsirabbrifibicttiody ahdappasaiss wererdebelbpewhich allowed for

different, | evel s of synchronjzation signaling as a function of

schedul EdvRngRRAdCRT syIhrofizatign sieaals i responsa o GRABgYS syFiemRongditions ¢4 would
and app i bzatd

o gnar | oo BETCFHERP Rl Ra SP Bifletariup bl e UL Sl oS DR MR S ¥hek
t er mi natosa full laveliof symhsortization sighals vdep reqtimtl ceasily detpetalle venctivationesignaling,
| evel of synchroni zation. signal.ing. . dditi.an, . it would b

bomet i creapir hapdnottneritions A3 e il 30 Siantiff botipot Hirferaf gt of
provi degyrhMiniAties Sigh&lidp Aa fubtidh dfehdaaRARFIrmbdod. oIt RRURPAIS bOadlah@Etous
the presence of a base station and/or conpare the base station's

recei velf thaingtheds snd amgraiusdavalopeditorsuppyragaiiple leyels of aynichrasizebios Kignaling
could p t-al t . ment | Nnt.s. .

Ui ow of TPRY B seeB e DS Bo A s AR RO Pirgl e b gcen

i npl enesthte inegbestinapsiithe favkl df-syndteotiasionsigialion Bpeikditonpi svoulBABER¥ icial if
[ 0006] Th resenf inventign relates o nethods and. apparatus for .

i npl eme o \Gyef g %@ghroegﬁﬂwlgﬁmgﬁghm*ﬂ WHelees teremnalpith the rapapility
I nCl udey, eOihl EHBRIcL theRERNES GHld 1S stdhibif dhd/GtdRRate tﬁybﬁéﬁ%ltﬁioﬂ'%‘ilgc%i\%ﬁ
operation and/or wireléss termnals for interacting wth base

st at i onsignalisiredgth wpthartherradjacens besetattoms wthidpeuit paentiallg®e tked/zs natuerk
met hods ng?lgg ar.att us of the invention are directed to wrel ess

t er ni nat _CA POE i ntended for use with a base station that

supports multiple nodes of operation, e.g., a first node such as a .
full-on node, and_a second node such as a sleep npde. More than two

2 WO 200718954 46lopdsy O tmrbrus shee is amgsd Jorevemetheds and srpprases todmglement
in som@@gﬂé%@_n%d%,bawﬁ%to%gmlﬁym&he base station with ;

SUMMARY

[0006] The present invention relates to methods and apparatus for implementing wireless
communications systems where the apparatus may include, for example, base stations which
support multiple modes of operation and/or wireless terminals for interacting with base stations

which support multiple modes of operation.

[0007] Various methods and apparatus of the invention are directed to wireless terminals
that are intended for use with a base station that supports multiple modes of operation, e.g., a

first mode such as a full-on mode, and a second mode such as a sleep mode. More than two
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power | eperhtiorusiadotherehtbgdinientd thie lnumbenmitisloo fignge trahsnoitted during a sleep mode is
reduced during individual symbol transmission time periods during the sleep mode of operation
as compeu;ed to the full-on mode of operation. In some embodiments, the number of individual
symbol transmission time periods during which pilot signals are transmitted during the sleep
mode of operation is reduced from the number of individual symbol transmission time periods
during which pilot signals are transmitted m the full-on mode of operation, with respect to the
same number of OFDM symbol transmission time periods, e.g., the same number of successive
OFDM symbol transmission time periods representing a grouping in a repetitive downlink
timing structure. In some embodiments, during a partial on or sleep mode of operation the

power level at which particular signals are transmitted is reduced as compared to the power level

used during the full-on mode of operation.
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| [0012] The methods and apparatus of the present invention enable wireless terminals to
interact with base stations which support different modes of activity. While transmission power
conservation at the base stations is one benefit of supporting multiple base station mbdes of
operation, the reduced level of signal interference achieved by supporting reduced activity
modes of base station operation can increase overall system throughput by decreasing
interference in neighboring cells when operating in a sleep state or other reduced activity mode

of base station operation.

[0013] Numerous additional features benefits and embodiments of the present invention

are discussed in the detailed description which follows.
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an exenpl ary base station, inplenmented in accordance with the

present i nvent| on, currently operating in the transmt_ standby node
of [0019] ~ Figure 6 is a drawing of an exemplary time frequency grid representing downlink

air link resources available to a base station, implemented in accordance with the present
invention, and indications of timing synchronization signals transmitted by the base station using -
_ those resources while operating in the transmit standby mode, for another éxemplary

embodiment.

[0020] TFigure 7 is a drawing of an exemplary time frequency grid representing downlink
~ air link resources available to a base station, implemented in accordance with the present
invention, and indications of timing synchronization signals transmitted by the base station using
those resources while operating in the transmit standby mode, for still another exemplary

embodiment.
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frequency . ?I’I d representing downlink air link resources avai lable to

a base SFUYSBafe: i npl emented in accordance with the present

i nvention, and i ndi cations of timng synchronization signals
transmtted by the base -6 WO 2007/035446 PCTI US20061035930 station
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[0026] Figure 13 comprising the combination of Figure 13A, Figure 13B, and Figure
13C is a flowchart of an exemplary method of operating a base station in accordance with the

present invention.

[0027]  Figure 14 is a drawing of a state diagram for an exemplary base station

1mplemented in accordance with the present invention.

[0028] TFigure 15 is a drawing of an exemplary time frequency grid representing

downlink air link resources available to a base station, implemented in accordance with the

present invention, and indications of timihg synchronization signals transmitted by the base
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ol enent edlO28] aciafadisdS drRRnE HEEHEBERIoNeR SRR SRt Rphtfons in an
met hods e%mgn?y B B&@Rent MMBEbieRht iR EANBA, AR op AT m&@m BseSiHbe Make-up
100 maybe, ., an orthogonal frequency di vi si on nul ti pl exi ng

( OFDM) mgnahpgeoramasagtemorvezrewgel@sﬂwlmlm cations system Exenplary
system 100 includes a plurality of base stations (BS 1 106, BS M

108), each BS (106, 108) having a corresponding cellular coverage
area (cell fo030R, mighie 1M1§@€bawﬂ@ﬁhﬁ§§tu(g rtid 8] arbé:@niplarh OFDNaglink

accordance with the present invention, support (i) an active npde
of oper dtwisg anth fegrenry strugtprefenthe pmea@emmeﬁxeﬁ@ﬁe‘t 38 Statipip wakerup

e Couml RGNy B U e SL g

i ncl udes a router e 110 IS
coupled to (BS 1106, BS M 108) via network |inks (120 122),

respect i vel ﬁfgSll\ﬁt \épglll(rsltlhgg a @24 % @5@%%&‘3% ary Qgc%gs 1111%Lewatl 1%1? a612 link

net wor k nod

Aut hent i ﬁﬁ@) inldQ

nodes, é@hf&gnﬁg%?%xg%ﬁ%% ralnigfe% gﬂﬁg%drm%rﬁgﬁl [ nkcg ﬁ% d 26”3 b@&eﬂéhon active
2007/ 035uells FBOPEIaS0n eBd @bwwtlommsmn rstaasrbsbeode%oper&tronem @p@ﬂd@nce with

i nks, cabl eﬁ% 8 Qﬁpﬁl capacity radio links such as directed

m crovva@% R Che %’683 %9%‘? Hiv(fB % so i ncl udes a plurality of
vmrelesstermnals(WI’lllZ W N 114, W 1' 116, W N 118). At

| east some of the WIs (112, 114, 116, 118), are nopbi|e nodes whi ch
may nove thfrogéblhorﬁlg‘%fﬁ 9 dvtamrat olomexeyblasymethedof oerriiaga Wirlashisreinal
poi nt of tatlonlnthecell inwhich it is
current y %%:(gd%\lg tﬂé%eg&?irp%ﬁﬁo 116, 118) may be, e.g., cell
phones, nobile dat a termnals, per sonal digital assistants (PDAs),

| apt op ﬁ@&ﬁﬁﬂﬂgﬁé&er W rel ess comuni cations devices

supporti ] v of voice, video, text, nessages, and/or
fnles. The WI's (112, 114, 116, 118), are inplenented i-n accordance
with the present invention, to support w reless communications

si gnal i ng vi00B3k h&igurails a freengetan etemmlasy sopmygicatiog)system 100 implemented

in accordance with the present invention and using methods of the present invention. Exemplary

communications system 100 may be, e.g., an orthogonal frequency division multiple)ring
(OFDM) multiple access wireless communications system. Exemplary system 100 includes a
plurality of base stations (BS 1 106, BS M 108), each BS (106, 108) having a corresponding
cellular coverage area (cell 1 102, cell M 104). The BSs (106, 108) are implemented in
accordance with the present invention, and support (i) an active mode of operation and (ii) a
transmit standby mode of operation. The BSs are coupled together via a backhaul network.
System 100 also includes network node 110, e.g., a router. Network node 110 is coupled to (BS
1 106, BS M 108) via network links (120, 122), respectively. Network link 124 couples :rletwork
node 110 to other network nodes, e.g., other BSs, routers, Authentication-Authorization-

Accounting (AAA) nodes, home agent nodes, etc., and/or the Internet. Network links (120, 122,



[0035] WI's (112, 114) are currently situated in cell 1 102 and can be

coupl ed t%g?(m%ms']ag? via wireless links (126, 128), respggt}[%g@g 3%\}(?

(116, 1;1,8 e.clrre ted.in. cell %g afnd ca

to BS M 103 njahb&ciesl OP%I@S(& 11@@2?“%%& CAPAGIEY lwﬂ%ks(st} 131as directed
114, 1 J\;ﬁ-ﬁ)elﬁﬁ&’ operate in di fferent states, e.g., an active

state o:rﬁ%tc sl ee tate. In some enbodi nents; the active state of a

W' may be further qualified wwth the WI' supporting an active-On

state and a iV, tate..[,0036] FEiqure.2,is, a draw

ool ary Bkt et SoBH8 fsniaRtn bt OF Skl S iR 1 a2 W 114
present Wwivenis WVT@*T’QIE?'HQIeHQ%&%%foeWH@ '29$13¢1t116”1\/1%91tdr@ﬂ10b1lenodes
Exenplary BS 700 any of the BSs (10 gn% the s stem 100

of Fi gurwhigh naxeameatﬁgaugemti@ commtuuwwna sysiene PR estahiish age Qstkst’mntt pbr
204, a pr S 6 anI/O| ace.2 0,

Coget nerPprmartyiins pafikioR ih MerdetAE Sdoh s 2B BylToPes pRe WERURL. A4,

i nt er changel H};tn@a de.g.,icoll ﬁhdiﬁbb l xﬁﬁbﬂd:i%@tenﬁ{na&QﬁerbcﬁlaD&ilgilhl-l‘aisitsﬁn& (PDAs),
recei ve ant enna 203 t hrou whi ch t he base station 200 may_ received

upl i nk slanj,ﬂnp@nwtem andier gtbgriwipeless Wﬂ@sﬁ&l%ﬂeﬂhﬁ%ﬁlavpomth@éammumcaflon
uplink sj , e

wake- up%sf?’g%m S, g%)fe}%qﬁ%éégges ;ﬁﬁd%rﬂ}\%cstate C%I;I%ZM tﬁg 1&2%%% lgglerslted =
for res mucctrémcetmér thd resentpinvenrtion.an tsupport wfrelessedormmumcagmb stgnahrrg wigh the
control |nf or pation sllgcﬁbg gcknowl edgement signals. Receiver 202

i ncl udedYltiga © BIFH O dO8bi ng received uplink signals, which

have been previously encoded by a WI prior to transm ssion, e.g.

decodi ng a coded bl ock of user data conmunicated in an upli nk traffic

channel segi¥®35] Wan&hiZ {64 azemrr@tlaf@ttpate@llrt elltlr EiRandican be epvle@ psBS 1

e L ey

PCT/ US2006:835858: cctptsiab 55 Mprodoria oelesolinks 456)192), réspapyeborTal(112, 114,

S|gnals stratlon signals, paging signals, assignnent SI gnal s,
and user! ) srageResate mydiffenent staies, s@s @ﬁ&t%%@teézﬁaé o late- J1 eomer
encodi n I
data i n%ebgﬁtﬂ@n*t‘ o P gy S SrbcFRARLIG iR &, Al gt

base st atfivwaOnptatairidom aiivé-Elobhstawet s of downl i nk signals may be
comuni cated, different power |evels may be used for the sane type of
downlink signal, and/or -the frequency of transm ssion of different

signal s may, obgs]dl e @1r8 Dlis a BfaRin b i eiplRP bdea¥Ata 200 Bthpi&iHettbd fh an |

interface to t he backhaul network coupling BS 200 to other network
nodes apehrdance math the pregent invsngeraprd eingrmngtheds ebthe peasentiiavantion. Exemplary

U 258 AT MELAERSE i, 0PSO | LATRLLED it

comand egthiRes Anekivh 2026 tsangmitke 204 wipdfessar st fn BOgn@kface 208, and a memory
210 coupled together via a bus 212 over which the various elements may interchange data and
information. Receiver 202 is coupled to a receive antenna 203 through which the base station
200 may received uplink signals from a plurality of wireless terminals. Received uplink signals
may include, e.g., access signals, base station wake-up signals, handoff signals, WT state change
signals, requests for resources, user data, power control information signals, timing control
information signals, acknowledgement signals. Receiver 202 includes a decoder 214 for
decoding received uplink signals, which have been previously encoded by a WT prior to
transmission, e.g., decoding a coded block of user data communicated in an uplink traffic
channel segment. Transmitter 204 is coupled to-transmit antenna 205 via which the BS can

transmit downlink signals to WTs. Downlink signals may include, e.g., beacon signals, pilot



[0037] Menory 210 includes routines 218 and data/information 220. The
processor ‘38
' ma

a CPU, executes the routines 218 a
dat a/ i nfor ,g?gﬁsﬁgﬁlp anen’r..210 t'o, control, the oper ngﬁgggﬁ@%%” -
base st aYBRA: POYCLIRHH f%s%aﬂi?ﬁ%m_flﬁeoml ﬁk&aglsofﬁglé Ay Sty Paging &igpplsn.

POUt ] NeS;GbRmbACiAAR, ERITBLNIAALIARS. ToishiEst 202 Tndhitbs BASR.HAL] Oftr encoding

£,
control rodtines ~224. Conmunications routines 222 inplenen
vari ous downlinkidetrtinfommaipernteqs,ainsodisgd blogk of meerB8taZion. a Bawdinkttwiffiochannel

control routi,nes 4 includes, a schedulin |l e, 226 base station
ode PR AU SadsE S5 e S0 SperABoR Rt S48 of otk farpld R be
st andby dmgguiiBMed, Qifferent podver R&/Els ey KeQiibd Qr th®shm £tyBS 4 ddwnlink signal, and/or
transmtter control nodule 236, and an I/O interface control nodule

238. [ 00Befremuneriaf irpsmresien of differentsignals may bedifforant, U6cintemiare208 provides
| i nk 0l i nk t T i 5o functi f
opL ik AR e AR B o e SRIREAL 49 R AR Bl

BS i s i mnthe tlkchtereet M8 aBicoapaimidatalinoven theBR daerfae208 way ingludégle.g.and
downlink traffic¢c.channel segments to WIs, while_ when the BS is in the
t r ansmi tSchedaias ynforpationpertainiede syiching dhegnodglonsetion of B 409, B ywake-up
uplink Qg ' ' gﬁ¥@gl- t 1 039] Base

stati on%%%g%lgﬁg? (%erdég ig%rc%fgr 0 ng@?lg,”%gds\ﬁfgl%ﬁ%ﬁfglgﬁlg. transition of
the BS 200 between the active node of operation and the transmt

st andby nod operatian...The base. s i 0 e.transiti.o contrdl
odul o 225 (4821 ¢ REe b RaRRPanS 285 AR ABRGTY It 420c TRy essor 206,
node transid CPU, ExdchiRs i réPhes P29 And GARTHS EADiIrFeReMeh @20 M RlefREy 210 to

269, nunber of "active users 253, inactivity tine 254, receive

access soghel the opBationeefdhy basewtation 280 endjivaplempmshe methods oEthe pgsdaf f

signal s.257,. regej han ' : 1V e .
Si gnal 5 i BTS2 B A ES Bt Bt A R R R g Bines
nmode 25224n Cdashhicigionhsivbiaes 222 iafpleraént WadariousreorhMuhicatisistpréivcols used by
bet ween . base station operational nodes, .e.g., acfive node to )
transmi theParkiy Baudation qopaﬁkwvn%%ﬁdwudmﬁ%%hag FRopBleRgea bags station
part of O el hﬁi&ﬁletiz%[‘arpé&géﬁﬁoderm&lﬁné éﬁ]%'ﬁah&ﬁit@ﬁﬂ%ﬁn%@@ odule 232,
activates one of active node nodule 230 and transmt standby nodul e
232, whialrecaiiezcontvatmatyle 23k adtahemitien eontfod Gubd]leA36] aral anld@ interfaceaiontrol
nodul e 230d -&oﬁz{lol s BS operations in the active node of base station
oper at | S &11%e node nodul e 230 includes a | st synchronization
signaling nodule 240, a traffic channel signaling nodule 242, and a.

| 5t pagi ng nodul e 244. First _synchronization signaling nodul e 240
uses the dal0838Inf Seheduliss nerigla o egi agchadvloyachetules uplink and downlink

segments to WTs. The scheduling is a function of the mode of operation of the BS 200. In

some embodiments, when the BS is in the active mode of operation the BS can schedule uplink
and downlink traffic channel segments to WTs, while when the BS is in the transmit standby
mode of operation, the BS does not schedule any uplink or downlink traffic channel segments to
WTs.

[0039] Base station mode transition control module 228 controls the transition of the BS
200 between the active mode of operation and the transmit standby mode of operation. The base
station mode transition control module 228 uses the data/information 220 in memory 220
including mode transition criteria 270, mode transition schedule information 269, number of
active users 253, inactivity time 254, received access signals 255, received wake-up signals 256,

received handoff signals 257, received state change signals 258, received mode change signals
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synchroni zation signal info 272 to control the power level and rate

of synchr% (?otﬂ él gnals, the synchroni zation signal SP%PZ@%%% 030
beacon n i l'ot si aI ! v

at | eas §4§ °f e%t%% ' ?F (fl lﬁgg‘{q’g};@fs %nf&eaqgvgﬁ{ ﬁ%liel dﬁl stween
transm b&&%ta%n%eﬂaﬁaﬁél meyes, eQé adtiv niddbit@essnipnRidbyaNede @mﬁnémit)staadby
hi gher rate, then when the base station is operating in the transmt

st andby mmddéo ativeeads: iAsrpart of thevmode raRsitioRRIBCSS, TBeS tansHignmIRIunZS

w ih ¢ naoBie St BB EisiRdd o R0E AP hublonid Bkl oS RRNR, PR BdcAdating
traffi cighalgrehesegnents to active WIs bei ng serviced by the BS 200,

e.g., WIs currently registered with the BS 200, operating in an
active node of, operation and currently having a BS assi gned WI

active userpj ATt S8 moliB SontR1 'nYBéiu?é‘Z%O BaMBIsiHY r#é’r@t&fnb% Bt‘?\?el mode of

segnents are u ed to convey user data/informatio e traf
channel bassistatiah |op§ratmmiuAetﬁZeﬂmod@dedb §3@pmhaies ar‘l§ spachaiizdtiog stgnahllr&

T onal ahigdnieodhet lRticTnme SERETIERIG P2, 2R P dedbains grodute 217 MR
denmodul dcRRoniANEN 526 ?ﬁ%ﬁﬂo&ﬁle Q@(b L&Y the @4/ inoreiion 900 ShBitBA Sactive ﬁiode

pagi ng nodul e 244 cont agi ng operations in the active node of

base st axncbwnm@émsnggai mfoomzltp Ctlﬂii‘mléhﬁ movsqré%@b@momghr@mzm@als
232
ot at § on S SEA PR AR A bl eadoh A en TRBE SR I B ke of

synchr ogpetgidn0 Bt 18hqy8@me ngthmgu&moﬁéa&mnat@aa azm corfraudlied ¢o bottaseniRetiat at least
Second synchronization si % modul e 246 us s th
dat a/ i nP%F Hatl ® HiZESOPeWen IGYﬁl ﬁ@d {ip)grhagher r%t?aéhab Thihg bass sietinngs PRerptiggin

signal yRi0, e stafld %ﬁgﬂtogg b%’ éé@?atﬂﬁvﬁﬁ eEhe %ﬁe beb erflqn the base station 200

synchroni zati on synchroni zation signals 1 ncluding at
| east osuppofts mdadmdsiognﬂtﬂnk tafific qzhahnﬂl sgng]rmg with ithre scheduling amsiwie 226

31 anal s BPTing RGP 0Dk et PR el Baieplodt oPAcY 18 R fiey by the

| ower pBS@OO'@g’eWPb%n(ehﬂi/ rékidt6re8 fwithtRd BS 200 Sdberatih@in bh ectbaSodelagt | on
is operating in the active node of operation. -10 2007/ 035446

PCTI LJ m@xma%w%m@ymw&ﬁ grsigned M T astiveowen identHier.c dhe pplink and
operati 8’&%1%} t{a%ﬁg'c %5)6,& S eﬁ tt(? &%ngzgg hgé}lda{mﬂwrﬁlgﬁﬁﬁ't ’fl?é arfg channel

oper at i ons ransm nt er contro con

oper at i sigsalia nhdduleé mmdm& ciiﬁ&hohmp&murﬁngtd)thd ienetissg, mooidisties a2@4,

236, and/or 238 operate.in njunction with either actlverro
bShR

modul e PRSI of flonlink traffi, diewals $54 GapfEls PRt aripiRmege dgcoding,
current gaRdtiAdeg, Sld BB bRk AR cHARh/ gl agﬁg%%huléﬁdf%%ﬁ-ols

W data I nfornmation 250 system data/information 2 current node
252, nupdsing eferaiivng uethgsiotive 268 of base station gparating. 254 and current
transm-ssi on

[0041] Transmit standby mode control module 232 controls BS operations in the
transmit standby mode of base station operation. Transmit standby mode module 232 includes a
2™ synchronization signaling module 246, and a 2nd paging module 244. Second
synchronization signaling module 246 uses the data/information 220 including transmit standby
mode synchronization signal info 279 to control the power level and rate of synchronization
signals, the synchronization signals including at least one of beacon signals and pilot signals. In
the transmit standby mode of operation, at least some of the synchronization signals are
controlled to be transmitted at at least one of: (i) a lower power level and (ii) a lower rate, then

when the base station is operating in the active mode of operation.
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power information 259. At sone tinmes one or nore of the foll ow ng may
be includ i i nformation 220: received access si

i nfor nntf’i.o.?é@gg%r‘%%ei ved wake-up signal information ZSEE?)PQ%OQF/\%S&;O
hand-of f signal information 257, received state change signal ’
i nf or mat i 021085& ReivErRoBiry B odME 034 BaRes Sieddtivns bbfEeE 200) trdfdnitter
[0044] WI data’information 250 includes different sets of i nfor mati on

at di f f eomtnil madubscontielseapstatignoef transmitier 204 Y@ itesfageegongrobmodile eontin)s

t he BS 200. .At . Lipes h S n S ' [
ol cep PPt d a0y T Bt B e AR 3EF5G Rl 385 bibrato in
ser Vi cedonifhctioRtvied eitieRBetivelhededSodEy 2Ry eraisaiitstandby endduby Z32udeperting
are being serviced by the BS 200, and W data/info 250 includes (W

1 dat a/ bpéwtheddS' oevrEgbmode 252 gffonerafisiia/ i nf or mati on 261), with each

set of data/information corresponding to a WI user currently being
serviced. WI 1 data information 260 includes user data 262, W

i denti fi catjpo4s]i nDetakatorontidh 220 deitidceMER &atb infbremonrdse systbmrdatetinfommation
263, and WI user state information 265. l,j)ser data.26§ in Iud%g, .
e.g., vebbeurenigaede 13 pumbgof atiyeUE: 20 aHdC T HIOHRR LY Ginf FHERH SnFgission
W 1 an b o ] | i
cormuni B0 PyRLAREROR S0, Pt PRk of RICTORiwill oy Yo Beluded i data

i ncl udemfortentionf228r secabed erese signltifoiations25d, received mgheug signaldnformation

identifiLer, a.base station.assigned.r.egister user_identifier, ..
and/ or g%ﬁg “é"?ljlal“g"ﬁ?é%%‘}a&;Hésﬁmg%’toﬁ?é?gﬁgeéye‘fsg%tﬁtclﬁ ggl’s.lgnai inforiation 258, and
Devi ce/ §288/e@n{dde SR e idnal RifsHRation 2263 i ncl udes information

identifying the type of" W device, e.g., nobile phone, data
term nal, nodel, class, tier, etc., session information -including,

e.g., rout ir;gm]“f %ﬂ%éa%nﬁgﬁn is%qgcma*&%%fyeﬁt%;mmmgﬁ@& atasrgerem times
session ti "'nf ormati on, etc., an resource I nformation 1 ncl udi ng,
e.g., adspepding outhé MKIsndiently deinglserviced by atid BS 200.aAhedms tigpegthesBS may not

assi gned dedi cated, control channel segnents, assigned resaqyrces for .a
page di PRtXAAY USEFSRINCT 1B 6P Qaqiiye stals Rpeare ﬁ%‘?‘ﬁé’trrg’%‘ﬁfe?@?@#’@}“&fg’gmed' At
I nf or mapjrangidenhd B¥ g dahe Oflgbhr Oﬁej@fl%us@fs%lﬁcl?ﬁre%@ﬁ{g%fﬁébdq; W4 B%,200, and

e.g., sleep stdte, acti've-ho state, or an active hold-state. .
11 WO R0D 403506250 heTudisZ061 dasdsirmptiavi0, GuWE N datg/indorggion 261), with |

includes information identifying the, cugren de .of i B
200, acHPEe IR AP PEOhe R aning Fo Lt HanRes B odREiPhb L T e
i dent i f j@&midiRn 260 Hgided usdiiatL202; W {denfiBgitish eifothaidd RS 200 in an
active state of operation, Inactivity time 254 .is a tine Coun{'/\%[tq\,g@

mai nt ai dedcaisessepoouise infaenainn s, eid Wilnsesstate dufarmptonsgosq fése
active e g LV, : W}E i L i
254 ex c]cé'“{éC S e%i%f%’ﬁﬁeg l@féi%lb,nt%xt%%% Ii?er ?‘ﬁ% %?(?%lrﬁ cr P’? %Erlﬂgndfg g&t Wef %(rnoéé%ﬂm
transi t imended tubesc2?® 4 peenabds of W Tt hin BSmimuomicatins vessiomowich Wol' 1. WT

transmt_stand de. . . L : . . .
}dentiiailcaul())% iI’TTI())I‘lIlaUOI’l 264 includes identifiers associated with WT1, e.g., a unique device

identifier, a base station assigned registered user identifier, and/or a base station assigned active
user identifier. Device/session/resource information 263 includes information identifying the
type of WT device, e.g., mobile phone, data terminal, model, class, tier, etc., session information
including, e.g., routing information, peer node identification information, session time
information, etc., and resource information including, e.g., assigned uplink and/or downlink
traffic channel segments, assigned dedicated control channel segments, assigned resources for a
page directed to WT1, etc. WT user state information 265 includes information identifying the

current state of operation of WT 1, e.g., sleep state, active-hold ON state, or an active hold-state.
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[ 0046] Recei ved access signal information 255 represents a detected

recel ved hogugsk{gf access by a W, e.g.. a registrali g ieauealon,
YD QAT » a )

In sene. e Rt -wRder~certajn conditions, the recelve dess ™t
signal 255 H¥#She GigEent Hy)d?ﬁg%& Ydgp 1 t@nzé@ﬂ?gng F}}ed‘@lEan%fnoge OfSOPeraﬁon
transiti ‘ - . q

operat | AP BAIARRE b BRI Role. ROub S RUIP ISP L% rpites e

desi r es tumbeo pfiWTscatrenily mgistaedyith BS BE imeyp aotivd state of pparaindn. Inectivillyytime

node, t W may send an. uplink s.signal during .a contentio

based acoadus Fieppaier Ained Bl 008 ¢ B iomart tlg sBef ARATapE T was
trigger Jbyvd framshé b&BpBAYE bLthdBX 100, aWhbry, MSinhEtAMNS Hoh PS5 0dx b a tBRshold in
200 into active node. [0047] Received wake-up signal information 255

r epr esennededragsitioocsiteriaddy8; the anadedagsition dellﬁ%@%ittaiﬂ@iﬁoﬁﬂﬁ@e Basisom active
station fr ransyi t and node to active node. For exanple, a

wirel esgn?(ﬁ&?ﬂ#@ﬁ{lﬁ%é&ﬂﬁ@&ﬂp ér{‘i ng the power |evel and/or rate of

downl i nk broadcast synchronization signals determ nes that the BS

200 is in transmt standby node, but decides that it desires to

becone an ald0#6k JReseived aegess venal infhrnagpnIdss aepraseppaleisstes ipeived rgquest for
t he BS. | i i t . ..

e o AT PENOTP, £ R IR B0y | S0Pl pnditions, e
r eser vededetvedecessy eighlile? Shakay hipused Hpdtansition swdele@2B dalirigret 8 fratdidorsfiom

air link resources reserved for access signals may al so used for
ke up EPTREPERITR OB SRR OO el TRTRR AR \WhnaY have
di ffer enhtcliaBS0b@E bal Afd dRRE: BRoBEGRISRIShIN B, thg leSQH%r b@ﬂ%@dﬂaﬁ%séandby

the wake-up signal is the same as the access signal, wi'th the BS
t r eat i ngnadeethe Ve enayergnd g nplinkdiccessrségmal Jurigrecnmiangion basediaceess interwaly and

e 20 S0 R ATY DRI B3 RS LT e

times, Wy0vEntoddivengdal may be comrunicated via a wreless link
with a WI. In sone enbodi nents at sone tines, the handoff signal may
be comunicated via the backhaul network through 1/O interface 208,

e.g., allo fo ] ' . - -
A e s S Lo S

PCT1US2 606433583 0e basetjtiohyitd Xadsniibstaptatmoddte aviiveinodd. | Fdrexamplepa

and the nunber of tive .users, 253. For . .exanmple,.jf the. receiyved

nandof | "aima e PP ReIhs P wrdpiel b BT P donliE piifelact i ve
user i syR@tdizddndpsaRidete @it tRUHRATNLOMRSE tbhsptit SBndbyNBode, but decides that
informati on may be used to update nunber of active users 253 and

t ri gger ittdesiresttabecespe amagtivewisery therefere, ths W T sgndgriovakerupesignab tetheiBsS. thos
receive f [ P [ i.ndi by X

ot rent FRRER bl A B LR o e 4 d:BGHEH el 1lnih e iy requency
bei ng hathastarepby be raerved tatesive rsealstwd dignmel. Ihentwemladidimentgthé same air
e ;

Lnror maii;ﬂg ?esources reserved for access signals may also be used for wake-up signals. In some

embodiments, the wake-up signal has a different characteristic than an access signal. In some
embodiment, the wake-up signal is the same as the access signal, with the BS 200 treating the

received signal differently depending upon its current mode 252.

[0048] Received handoff signal 257 includes information associated with a handoff
operation. In some embodiments at some times, the handoff signal may be communicated via a
wireless link with a WT. In some embodiments at some times, the handoff signal may be
communicated via the backhaul network through I/O interface 208, e.g., allowing for more

seamless and/or faster handoff operations. Received handoff signal information 257 may be
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257 maybe used to trigger a transition fromactive node to transmt

st andby "Wszmﬁog%ik waiting for the inactivity del ay ti’?’?fU 5(9)6[%@%1

a transitiQh) weld @l J=dew AS. St | npther exanple, if. the ngIV é
handof f PSAGHIHR Sl i ot @R Ry ol dybigoqr §?P@1Vﬁé%sﬁ§§ gqFor

of f fromampldf iee8deiRd HaBd61BsighAl infRAatRR 2I0niRatesHaeibbldst birent active user
transmt standby node, the information may be used to trlsdgjger a

transi t i isrbeiig hahdedefféo an adinesnt boe staorndhe indomdion meayde useditohupdaternumber of

handor (. SpPaUpF A0; SRR B sl Bkl i HIE o) fonlfsABHY Find Moivea

Recei vedh4Haeff sithahigioriagioa 257 ifdacaattha thel4st dunehilffpididrbPudtabi B® 200, e.g., a
received in a_ commanded npde change nessa g., froma central

e’ €. v ) « .
nmanage mewier BcieaRritrtade being hprdediodiio appdiacentbasestation; therhandefE signaliaformation
be exec = . . ' '
mode. changagey BE TR frer AR HoBRRARENL 1 BRIty il
over al | waitieg ferthatmctivieyvéd] sy tilnenid rﬂﬂiatr?eramsitionrcriwdat WS ssidﬂuﬁsther example, if

enmer gency consi derati , ~etc. .apot hey exanpl e, an | acent base
station V@@ﬁgﬁsn@%%ﬁm%gi l@méﬁméa e T 8dp g@béndfée om an
Recei ved, #{aheps RaBge0s! 4aeds bod i%%‘ﬁﬁ%ﬁtﬁﬂn%ﬁﬁsfnﬂ%‘tdﬁﬁﬁ? l08€,8hY Bformation may
Informati on from a W i1ndicating a reduest for a change in state,
e.g., frioamssd eejppigger atransitomoef the base atation 809 o atize modeheg.BSich thasdize B 200

operation.d.s affected accordin . . Far.exanpl | f .t BS s

oPTT ont 1y et aCLEORME hestine Wrm S Altds g tlur ST pmpre seantess
i ndi cat impgdéfiaberatien.of the WIs currently registered but in sleep

state requests to be transitioned to active state, the transition

nodul e 228 may transition the base station 200 to active node.

As .
anot her exa i i r e i 1 h o
one active 'W‘@!ﬂndﬁ ?“Iﬁg]t%dac dle\s;cg&% S?@&!J%ﬁsférgla{[@ﬁ??gﬁlsl | ghnf%ﬁ%ogg%é'ewedma
state, dohemrideé nibSeshimpetthessagenrbgr, fio acditbmassgemeAbrinazdtaleadidecting

starts the inactiyit ounter, which nresult in transition of
the baséﬂ%tta&taﬁ%ﬁa&le}l fuodr char eéﬁ&ﬁ%ﬁdnﬁéeﬁm 6 fofeHiAl RnASERERF0de may be

active Refefify Mollé Bli?éri]’lges 2 dcb&idhfec! with £85R88 e of HORLbrdaHES With overall %nﬁeerference

transni ssi on power ormation 259 is information pertaining to

curr ent leveds dradgwitomsagfriqriiy i8S:s, emergenyrapasideratipns; etch é\si anpthet example,laa
BS t he %\éeral%% 'el‘?lat\ll\D r%g()?én a5(%46 P%‘é’/ %&%%%B‘S’ 035930 tF#%%@?e' n.L A
p.. 1 | AEeyE base statigh may send & copanded mode chineg message g ‘

associated with the transm ssion of non-traffic channel signals .
during the transmt standby node of operation is reduced when

compar ed t ol90R8I aRsesiyed stalidnrnastistl ifemrationdss dndidey regotved infermation from
oporati o pnbalifs ety v £AARRE PO SrcslcB d BB RUE PR ser.

si gnal _dikeiB8s mhée of @pesatian is affected accordingly. For example, if the BS is currently in

transmit standby mode and the BS receives a signal indicating that one of the WTs currently
registered but in sleep state requests to be transitioned to active state, the transition module 228
may transition the base staﬁon 200 to active mode. As another example, if the BS is currently in
active mode, with only one active WT, and that active WT requests to transition to sleep state,
then the BS sets the number of active users 253 to zero and starts the inactivity counter, which
can result in a transition of the base station fo transmit standby mode if no other WT becomes

active before a timeout criteria is reached.

[0051] Current transmission power information 259 is information pertaining to the

-current transmission of the BS. In accordance with the invention, the BS the average
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st andby node of operation, average transm ssion power is reduced.
Al t er nat el r cing the nunber of pilot signal ton [ DM
syrbol traﬁgﬁ'@é@ls%ggunelnt erval, e.g.,"f rogl four to. o é,T/%S%Pg%ﬁé’”
transm sYRRSIBHEROTS asodintdawitinthedranamissipn ob poritably dhgrest signals dpang the
transm sgj 11 i vl j j ph | i

ﬁhl%?m{ LtARIbly M S \oF ofaeﬂ‘d&rl %%3%@53 Qv[%%g ggx?lp%ﬂfgt@g%% Rl AIYEY S on

average transm ssion power 1S o
dat a/ i nf powatasarcia@&tiwith teddmsmassionwd nondefficdhannel tsigmals26ing theeaesing mode of

t andb de.inf ti 267, l'i.nk/d i ti,mng and. frequenc :
standby sode, | gt ekl 00 261, 40 donl ke Lurig 2nd L sauEner
criteri astht’f&fb?ﬁﬂ@fe‘ Adpérafon, BVEraB0 WahsnhiBdion ?@&éﬂ@red%@éd._x&@&'ﬁgthyﬁ fe\éﬂg%ing the

nmode i nformation 266" i ncl udes Synchroni zation signal information
i ncl udi nouobexodotlelrsigral tonenparGEDMosynhod ensmistomtimi intheyal, e.g., from four to-

synchroni zation signals.which are ngrated.and transm b he

28 o 1 oo e R Sial ey Mifen ) SRS PR QRDS

i nf or mat fr@R3ndskion tiad G Salb daseRwhidipllot &iphds A icoveydd Savarge Blah@hission power
signal information 274. Beacon information 273 includes power

i nf or matiseefupgd, e.g., a reference power |evel associated with the
beacon tone or tones of each beacon signal, and rate information 276,
e.g., information identifying the transnission rate of the beacon.

si gnal , whi [@052]h tS3ystenc tatenfondstion 231lintludesfaotivednode indodnation 2G6lasansmit
power inforpmation. 277, e.q., a referenc ower vel associated, with

pi | ot t DY sge bt b il dopilin thning And GARATCE STV nTormation

L denti figy Whelle SOhation3HNndal AnditidHorlt Qi Sy Hiitith 2761588 pbRer information
transmt pilot tones, and how nmany pilot tones are conmuni Cated
sinmultar®dusly in each of the OFDMtransnmission tine intervals in '

which pilot tones are communicated, while in active node. [0054]
Transmt standby node information 267 includes synchronization signal

i nformati on[@83] i nedthdinigeGhfiaetied 268 inlud e ShbRbhidat &6 S 86dl dfenachl272

t he 'synchroni zati on signals which are generated and transm tted by

the BS wp¢lnding sharpeetisticintarmatiemangpsiatad dathdghe speshromizgon signals which are
Synchr onj j i s ¢ . j . i g o

nt or ma A 2 gd LA AL HPES Ahe iy e R B e M bctronization
280 i nclsiglebinfowation 872 invhides hed2814 sigaalgnformatied 27 makpilq sigasl ihfovahbtion 274,

associated with the b on.tone or tones _of ch beagon signal nd

ate | SRR PgRAen S0DTSBAR BeSiibPeM k3 Th e Rodusaaos s cLlogel

i nf or matis@pidiaiepith ihdRacdd8né bARAS] SidaBiNbéRbE sizhall Bl REAGEINBLSNST6, c.0.,

while in the transmt standby node. Pilot information 281 includes

pover i nfigrmetidrodentdyingdhetransmissidreratenefdhe peasen sigeslewhile suibe actis mpdeh

pilot t Yifer infc?r?xgati()ﬁbﬁ Tl L?d’eg%g{?vgrnin%osr%atigﬂ 977, e'.gr.],f & {erfr&%ﬁc%%ovv%{" ﬁar\}el associated
with pilot tones, and rate information 278, e.g., information which identifies which OFDM
transmission time intervals are used to transmit pilot tones, and how many pilot tones are

communicated simultaneously in each of the OFDM transmission time intervals in which pilot

tones are communicated, while in active mode.

[0054] Transmit standby mode information 267 includes synchronization signal
information 279 including characteristic information associated with the synchronization signals
which are generated and transmitted by the BS while in the transmit standby mode of operation.
Synchronization signal information 279 includes beacon signal information 280 and pilot signal
information 281. Beacon information 280 includes power information 282, e.g., a reference

power level associated with the beacon tone or tones of each beacon signal, and rate information
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identifies which OFDM transmi ssion tine intervals are used to

transmt Ry ‘507}09&% and how many pilot tones are co 9/0 930
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standby ~node of operation which results in reduced |evels of

i nt er f erigteceal§ mowhich ellqatetosqs@m taremuficatgdyj vliterin teasstni siahdleshmade Insicagrdance
the sane_fr uenC| nk/ wnI| n

St r uct areith FREEETRER Dol fiieehiult oL RNt R Bt b FERRY e base
upl i nk  tseqtRmlah dekirard@iiidndlsy eride |o@6pérﬁ@(€iﬂﬁ8@mnsrﬂ1@t‘6@ bi lekst bae ef: If) aGkduced
uplink tone hopf@wg( i nformati on, downlink tone hoppi E’% i nf or mat i on,
segnent RASfEr Ve i5) a reducpd e, ivithiesreckiorthe agtiyemp Regration.uEkig Fesults in
beacon iy f I g1ty

timng i n%’g{eprrg%ﬂilsgr%ss@{n%‘%a 0@8%88%1?9‘?3?&%5 nmo sglv‘r’l}?foe lﬁ . 0. é,:ﬁ%hl%tandby
hal f - sl ahede «fl c@tmhon&dmﬂrnebtdtsan raieedlestle bf interfarasie dtosy thetperspScatheddl e

I nformati.on 269.in des stored schedule, information identifying

when t o 373RY; p%ﬁ’ reuRe e Spg eguenissn active and transmit

standby node. In various enbodinments, schedule i nf or mati on 269

includes data, tine, and corresponding node information for a
plurality 0f0085F f diplink/dawrdisk tiguhg dud Bequenay steatdtusn irfggnativen268rintludks, e.g.,

Crcampl o Wbk BT REY AR BRI DS i Bl YRR, pigbrock

regi on apling irdiebging i forfi@ion) dowlInk t6BY htypibeiEsineion, sef@eft definitions in a
schedul es or schedul es coordinated to result in the base station

bei ng i ﬁePeélﬁVaélml%a%@@ll@B%hWW& brpean ipfremation eiletinfreetppOFPMsymbol

train i e

communi Q3 agpen SxShZhirihiol e sofidhk 8 BFON LALRIIRA], Bl el slots
unsched uhpsislbtsabmoné}@@,ﬁﬁx]aswmd etct ISahsiuld informiatide2éRinchides stated cohedvle

I ncl udes nforrratlo suc actlv mts utilized by.the
base. ot PBRRHBCTRETheB o HBRTROR i bacn SN Bapo e eachie it it stmgby
when t o ppafel @ %@od%o&ﬁh&ﬁi‘ scHRAWR inforh i SFRE690RCIAdds daRE ek andBS

power information, e. reference BS noninal baseline povver

| evel , &pdesppadiog moqsonf@nnatweﬁog a plurgty 9 diTerens fimene Sclipdyld infremptene? 69

e S RO S F ER T TABG R 1y s

beacon, 200 lnety,beflbctdd iassiegoteElow, dehsigupaul B®a iregior iid schadila thfotntiAfohi26o

channel at various dat a
may bea}aase on a train schedules or schedules coordinated to result in the base station being in

an active mode coinciding with the expected presence of a train in the base station's cell.
Adjustment information may be communicated to account for delays, cancelled trains and/or

added unscheduled trains.

[0056] Mode transition criteria information 270 includes information such as inactivity
time limits utilized by the base station mode transition control module 228 in determining if and
when to perform a mode switch. Power information 271 mcludes BS power information, e. -8
reference BS nominal baseline power level, and specific power levels or offsets from the

baseline level associated with each of the different types of signals to be transmitted by the BS,
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transmssion rates, etc. [00571 Figure 3 is a drawi ng of an exenplary

W rel ess W%%@%%Mg%\ﬂ 300 inpl erented in accordance w EPB}HQ%OGMS%O

present i Lng met hods of the presenf i

Exenpl afsg bpfcaTg B0k a%’ea ogRlapgesigninest, PRFIRS, i %L}éc chanpel gvarious data
exenpl a) %%ﬁ&@ﬂa%&oeﬂzf Fi gure 1 [ 00581 Exenplary WI 300 includes a
receiver ., a trahsmtter 304, a processor 306, user 1/0 devices
308, and a nennry 310 coupl ed together via a bus 312 over which the

i . t h dat d inf 302
e coupt eq D05 Hecaite 4R EfRT SOharRRF e HEeRe Rin 8L RT3 Bl gQentea
downl i ni, a'?dogﬂﬁh& 1R @hé%ﬁ*%se%@ﬁwexﬁtm wihemdthedstFdiee Sresdnt ivedlildh, | Breniplary

the transmt standby no of operation, the downlink signals include
synchr ofWE 300 oraydegnsiof theeW@' s (11Be 4tb 16 RS examplay|syatem IR Figire b
reduced rate and/or power |evel. Wen, the base station 200 is in the
active node of operation the downl i nk signal s include the

synchroni zgpos8] sy EEaryW’QSOO herdesrestigaed 02, andnghitiet 364, gpadcessoaB06,
a higher rate and/ or hi gher power IeveI i n conparison _to t he. t ansm

st andbyusesd&) devices398, andha memapdl Ogouplsd segsilier visra bus 12 enhich the various
downl i n r QQE% u 303
signalsg?ypﬁ%a g? %ggﬂ&g@%ﬁhﬁﬁgnggg%%ﬁgpgqg% tra? %%h?ﬁéﬁﬁg?
signal5vmﬁﬁﬁdn&eﬂVT3ﬁmcmn@&mﬂeﬁoamﬁﬁbe@nﬂsﬁﬁélBﬂs@M)decodes recei ved
downl i nk signals which have been encoded by the base station prior

to transm ssion. [0060] Transmtter 304 is coupled to transmt

ant enna  3039§4Y]0U g aihE Baddhtad0R 2081 intthARaEidit é’éiﬂdb? ﬁ&de%@b&aﬁéh Bas
200. In sone enbodlnents the sane antenna is used bot h ‘
recei vedowmldhk sigredsinchude syrtqhmmz@tlgn greakls, sgnbsagen @@éalaé%sléotﬂ@wbl aba

B Ve et e v L A0S S0Vl ZAPRh e PSS o i

timng gRuokalink ls@ﬁ@ﬂs&mcl@dﬁihbl Sﬁfchﬂﬁ;ﬁz’atlsh gipakls, e.d.1 boasonst i @rals3ddd pilot signals
i ncl udes encoder 316 which encodes at | east sone of the H|Ink

s i g nal saiprlngheriraterang/ios Hehst e lOs IICARRSFISeD 1 e trrewait Yiiepdsida the
Sk e hesae JFEY Q&I?Qcﬂ)% uﬁlﬂ‘ﬁ%ﬁrdov%hﬁﬂ k¥ chléﬁﬁ(é??%?i lﬁ?gzlc e ﬂyrted and the

touch screen, nouse, -canera provi des an
i nput ti d@;vnluﬂmignbdﬂ arpmaﬂpa]saunodndeaﬂssigmuernuigmlsgmd@aﬁiw@ﬁnudergnals. Receiver

data/i [ 308 . | t f_ W,
300 1 o SOhPPBReR dFgaes S LEWBRh ERTe BReel o ettty RRE R f Bk ded
16 VO 200 B3040t 0198 @aR4P3G880 call, initiating a request fora
node change, access stored information, powering off, power off,

etc. [0062] Menory 310 includes routines 318 and data/information

320. The py (06607 ° O3 QBitter 304 is coupled to transmit antenna 305 through which WT 300 can

transmit uplink signals to BSs 200. In some embodiments, the same antenna is used for both the

receiver and {ransmitter. Uplink signals can include access signals, BS wake-up signals, WT
state change request signals, requests for uplink traffic channel segment resources, handoff
signals, power and timing control signals, and user data signals. Transmitter 304 includes

encoder 316 which encodes at least some of the uplink signals prior to transmission.

[0061] User I/O devices 308 includes, e.g., switches, microphone, speaker, display,
keypad, keyboard, touch-screen, mouse, camera, etc., and provides an interface for inputting
user data/information and outputting received user data/information. User I/O devices 308 also

allow the operator of WT 300 to control at least some operations of the WT, e.g., initiating a .



e.g., a CPU, executes the routines 318 and uses the data/information

320 in me control the operation of the wrel 1

and i npl e%ﬁ%%‘?‘ﬁé?ﬁﬁ%ﬁsof ~the O%eﬁenf i nven%&r(g)({l, Rout i negéfﬂjg%l’o %J’a}e
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prot ocolg, used by the W 300, and wireless termnal control routines

324. The W control routines 324 includes a base station mode
determ nation nodul e 326, a wake-up signaling nodule 327, an access

si gnal i ng e 8, a ndaf £ signal i I 30...a ate

Cranei ¢ 1 oni oA Menad 11 aRiant o Stpniininhiadbs 358 bibegssop 206,
station ddentpli 6abied theBHMA 3384nd Bscs BeLI ML fEMHHOR!3 20083510 B
transmtter control nodule 338, and a user 1/O nodule 339. 10063]

Base st aviioel theeperataneofithewitelsss teotinebamgdgpleraent nmethads of thepresentsiny enion.

320 in oI 10 to determ ne ft f Lon t :
ahi ch PSR Hanehde PEbEHPleafotsy RS 172 oy REE B b Wi colf furiShcions
eval uat egotoolGused byarOW BBOY,Qhd Riteldss fingiial Sonttod rautine€sR4. YW Tadoniig]
in, e.g., transmt_ standby node or_active node. For_ exanple, in some
enbodi mapitines 324 wgludesa base station medestetarmination grpduie 20, A dakerte slEpAKIS
the BS i s 4 a 1 : | n 24 i

pi ot t Sl 27008 e BARRE il o8 R B ol TPV B e
anot her traasiogihgmoidnlesi3ipa dnminglsymehtosization sxduled 3pombase siatieh idehtipedtion
signal indj es that the base  statiop is. . ntransmt s dby nod
and 't he bl = reveivek oL Ao p oof reutegrRal Barigh paf i BreO
| evel of,ddak 938cei ved beacon signals in performng the determ nation.

In some enbodi ments, a detected level shift in received pilot tones
may be indicative of a base station nbde change. BS node

determ nat i dyl e 326 includes one. of I el at i) .
evel ot erliDRt | BrSs At as 0GR ORGP p s U B B 22000
node deh@iitrnald @detéradid theI2sdenTRPEIE 6 tHae HRIBEWhiY nehsititied did reteived

signals to_eval uate at_ | east one qof synchronijzation, signal power .
| evel s &yRehEpizaiian sienals bemgavalyaied, Ggnbercempader Pt siggalil 1§ curgntlyiqpgeating

pover | gy %,!eg %%fps%%f&oﬁ@gi"!a&iv% odde S} Bk RS ie il SofE bbb RRAVE Feduced
g east two h -

| evel bet'we€n at types of recelved 'synchroni zati on
si‘gnal srateofjpilot pérlectgrating irsdicaesl thatdhelBB eaimaransingrsédndby Hoderatlaletected rate of

anal ysis nodul e 329 disti i shes n_r.eceived, sync ni,zat i .on

oo s et plotiBesn B Rao g s Ko R A e Sots M S s by B8
exanpl e exdrip]8 AABoRB RAMIRIKNSS, a réRicBBpGwEt18¥d] QP pilctateral indichies R theake
of pilot tone signals for the transmt standby node and active node

of baseststien isdn trapyeit stendhy, madel apd the layed of tegeopbindi nalog signate g be sompared
. ; . e e 0
bt Uso B AL SGRE rih g Baiton s bis h B8 rhifne ik aciriitn Ofio e

st at i onempediaichidina détacted tevekshiid th reeeitad pidotpomss insey be indicative of a base station

i

mode change. BS mode determination module 326 includes one of more of a relative power
level determination module 327 and a rate analysis module 329. The BS mode determination
module 326 processes received synchronization signals to evaluate at least one of
synchronization signal power levels and a rate of at least some synchronization signals. Relative
power level determination module 327 determines the relative power level between at least two
types of received synchronization signals, e.g., pilot tone signals and beacon signals. The rate
analysis module 329 distinguishes between received synchronization signal rates corresponding
to different modes of operation. For example, in some embodiments, the base station uses a
different rate of pilot tone signals for the transmit standby mode and active mode of base station

operation, and rate analysis module 329 measures the received pilot tone rate and identifies the -
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measur enment of pilot tone rate is not performed, but received signals

:;gogrgfg X?§@ analgz:s nodul e 3ﬁ2|?ﬁ0h as tgnge ?H@Bﬁﬁ%m
di £ £ or eriECHH #nﬁa SGHLE Mone op g tln opaftidh 1 S smhodieats, a precise
det er m naLiQRMIEY 1ot 2dne @feds A6t ﬁe?i*oﬁné’d‘%w&b&vé@ﬁ s 2RDré*RRADY rate

i nput recei ved synchroni zation signal i|nformation 341 and generate
as out pmabmam;%@&mwh 2o b heaa,hlc)to asscgmte algvebehemplomnization §igodial with one

B t at d d th f.the b

ctati on OlBerRiG TEARSN B RRHOT ariii e Kty ERabE v B ind b i e 327
di f f er endndforhab bRl sifoaleSi20aésSas 1@15@&&{61\;65 SyHckirénigdtiodlsi graPSorfiAlon 341
type of synchronization signal. For exanple, processed
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BS 200 dwtrestmedanf opetasiond nati on nodul e 326 to be in a transnmit
standby node of operation, when WI 300 wi shes to wake-up the base
station, e.qg., to regi_ster with the base station, to change to

active st at pobspmis ls@ﬁa ofter Eﬂn&bdlh‘hﬁtsy%el’mse ssatiosh tipdd deterini@dtioh@nodule 326
channel data, etc. [0067] Access sign |l e 328 controlg,the . |
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during ppedeherdidMefaRAsEaorisifnalsY Fof etbdh I}JTS ﬂﬁ&ﬂ@%ﬁh@rﬁlﬁﬂnﬁ £%hd E‘ase_

the uplink timng an equency structu e access signal s not
requiri rsgltlpnamdsdetemnnagon ngduhrﬁmdzmmms thedn s afg)aafsﬁaltldlmperatlon based on

i gnal | A PR OSEF (STt BF S FamAst P eferat B sb LR iy o hedoo

i ncl udi Rggrhéifis.control of the generation and transm ssi on of handof f
request signals to a BS. State transitioning nodule -18 WO
2007/ 035446 PCT/ US2006/ 035930 132 c6Etrofs WI' 'bo' state transition

operations ﬁ)ﬂ%}r e%ﬁ{%t—ép glgﬁalﬁnrg%&dutlé %co‘ﬁﬁ%ﬁ“%@é&eraﬁon and transmission of wake-
up signals to a BS 200, e.g., a BS 200 detected by determination module 326 to be in a transmit

standby mode of operation, when WT 300 wishes to wake-up the base station, e.g., to register
with the base station, to change to active state from sleep so that the WT may send uplink traffic

channel data, etc.

[0067] Access signal module 328 controls the generation and transmission of access
signals to a BS 200, e.g., during predetermined access intervals using predetermined tones in the
uplink timing and frequency structure, the access signals not requiring precise timing
synchronization and being used for initiating a registration request with a base station. Handoff
signaling module 330 controls handoff operations pertaining to WT 300 including the control of .

the generation and transmission of handoff request signals to a BS. State transitioning module
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communi cated to BS 300, e.g., transitions fromW sleep state to W

active st active state to WI sleep state. In
enbodi n%n?’g(?z?ﬁ&wraguvestat e is further dualified asl’éf/ﬁ?%"ﬁﬂﬁ?&?'“
an act i Ve2K6RaolaNHL ARV sets HABsihan gprationsand realests §pr Eanstions whithiarg ons
may i ncl : I 0 Sd I I i i

p i i B o o T S BT shfre A, AW T

st at e chatigestatequ¥ET sleémststomin sorboeinbedimsnts\iic VA netivtersiate ist futher quabfied as

t ked.b .he BS d. b he BS i1 t 1 Ni BS .npd ,
i ans: + ARHRSINE goaueTI A SYAHCHE O SR SRR LS SR ROP e e e
synchr on,zald r@%ﬁgﬂ%\%ﬁli SRURHEA TSP AP LAIAIK REREBNHILIPASY b8 cOnsidered, in

synchroni zihg ( s uplink transmssions to arrive in -
synchr ospmateihodinnents, es hetatewhangeaegwist sinpme embodiperda W e sipte tsansiions are

uplink timng and reque strdct ure bei ng mai nt.ai y the BS and
bei ng r é‘iagifeéﬁ%ye e\?ﬁ# W%rqgg‘ggﬁfhet%éjﬁlo%ﬁ?qwng %Sdﬂ%(%i %%ng};?{/é’ﬁlg'hr oni zati on
signals. In sone enbodi nents, the WI obtains a coarse |evel of
synchroni zati on based on recejved beacon and/or pilot si qnal_s and
comuni cat eK088] wlimingisynehrgpigriioramadige 332 pederms; tHpiae syRehromzatiop sad
need fo ' . t ] m ' ' . e

i m gy Sy b izl ¥OE ROl El ngithe W npfnk ransmissions o
synchr oairiatih @pncheoigzationawit dtherWa' trangmissionp ireddesrddnceawitb an uplink timing and
e S PR A 3 B SRR 10 i
oper at | gipnafife@mehidhi-Aon LEGIN.| fl ot AbodRALS HRIWT ks b bbitsd 13961 of
base station transmtting The synchronization signals, e.g., beacon

si gnal s syrhdortizesiondeswd dnj reedivasibeason andvasipilet sighals anche¢amgmunigaiesBB kvake-up

point of. attachnent associated wth base statjion, sector. and/or
Car 1 er EPaNaBNEy coomap i i M e ot e SR LAl R el o
oper at i qisinglsyadtEGhizhtedn @OMIlE 953 AEeles 2 Bh lewdltof yrchrdrizution] d.4.£10 witkin a
operations, and user. 1/0 nodule 339 contrals user UOQ'devices 308.

Sore of CYHe profix deitien| onisgupearlinksigstradacipdng sajitnteiisthemeh gerdsm
a_speci {16, ORekAkiie thObasesBiBh G in aﬁﬂgﬁ% Hlﬁagbféd;f‘e&atib‘ﬂf‘tﬂ Q{a sﬁ@%l e
338 may operate i n conjunction wth wake-up signaling nodul e 7 at

cert ai nidentifisationGA6Aile B¢ rlentifiasrihabase stagan tanshitttteshesyrehesszatien nignalk,

data/inforpgation,336, access .signal information.338, base statipn
k- UpeEhGREO SRR O oo R A O ST PR e T PBOf
stat e Chandsent s8¢ ated Rth s afddt sedtOiS BhY/BFcaM BCHYRBhEATR &QBive Eidlol
information 341, processed synchronization signal information, and
syst em dwdale 336conmels seeeds0303Mperatiang) rafsortigrtdoniiolagedule 85 diemdrolss er

data 35 devi c essi.on/reso i nf.0 i i tanki i

i nfor ma%r F%W%g%fd%eaastgps,s §tu géri n {)nror(rl%{e”lr%rrgl ngggl?%lgesr\gﬁ% fi %‘ﬁlg%njofg, $BlloHt he
i dent i f WREb@O] nhdtfulds ARdyl dperadéih corfithchas ® ok fiin@spetide opabtomeFdr@rample,

362. 19
the transmitter control module 338 may operate in conjunction with wake-up signaling module

327 at certain times.

[0069] Data/information 320 includes wireless terminal data/information 336, access
signal information 338, base station wake-up signal information 340, handoff signal information
342, state change signal information 344, received synchronization signal information 341,
processed synchronization signal information, and system data/information 350. WT
data/information 336 includes user data 352, device/session/resource information 354, WT

~ identification information 356, WT user state information 358, base station identification

information 360, and base station mode information 362.

.10



WD 2007/ 035446 PCT/ US2006/ 035930 [0070] User data 352 incl udes,

e.g., dat ding to voice, video, text, files'to

comruni ca&é(g%{oaﬁg%ggs of WI 300 or received from peers O?E%S%g{mww
Devi ce/ session/resource information 353 includes identification

i nformati Ongﬁ% RE&E 49k 39 n%ledés”e &, &ﬁmwésf}%ﬁdlﬁggto V58S izo ek 4% to be

300, routing information, and air 1thk resoufces T nformation
cor r es pamngdinngi¢ated twpeaﬁmf WT@OQ of refceivad fionrpderheaft Wi\300g Dwmlsesskanémburce

ot esent IJREBRHIR. aRSATR RS G Eioh ot g phertt T S0t a bbmunication
i denti figatdORith wrf 90 BL P BERnafi6h, léﬂ&%lr'lﬂﬁ%dofutd%é $nfBREAToREspintifg to

and/ or assigned to W ‘300 including, e. base station assigned
regi st erWd 308e¢.g4 uﬁmmefuoendemlfmg éownbmlt ol eé@k@mﬁiﬂc elenhelsegments assigned to

|t or et ¥ 67 00L TR DESERYY ot AR5 T Be A lprlR YRR et Bhion

i dent i f \hRgmaet 35 intlbedBenificds ss6ited hthemdfor agsigrtity &'B B0 ﬁlclLMlhg, e.g.,a
user state information 358, in sone errbodl ments, also includes i

i nf or mathiagmstatiniassignedeagisiered et idenBfisten basestapniagsigaedacting pyey idepjifier,
state or t [

i nf or matl" g{r%‘gg% 'tlﬁ%{:méﬂﬂaﬁfoﬁf %{d@%’? ﬁlr]i)sﬁ P%ﬁ%ﬁﬂ. ng t&eﬁvgzg g&ss%azge 1nformat10n
bei ng ussd uatstudebmﬁﬁﬁnsucﬁuﬂeﬁ[fymgpdiemer dfe W&hmrsleepisﬁamﬂﬂmmbhmmawr WT user

|nformat|on|dent|f gaBSt the es tore
and use Siée g %exawn%?g»ﬁetsmw peigan %0 e, e@%ﬁmaémgﬁﬁ%ef&%?%ﬂg
I D inf Orvﬁﬁ:rtﬂe?’{heaﬁq is iB¥n Q&l\/@ﬁﬁﬁ vied ofr%ﬁ?'gbt[\?ecﬁbl\i%ﬁht@eﬁ&‘é%tﬂoﬁ n&énﬁﬁgatlon

and/or received pilot signals. Base station node information
i ncl udesnfonﬁmrqmeaﬁoancludmnfmhgl tdlqetlﬁymeth@basepséahambemgﬁv@@d aretbe WT's current

th stelno? |SP|%1 gn%gglféko ét{ ! ﬂ{ﬂgﬂ% i gef)d ’btaofrﬁat{sqtngihgl}ﬁ%ng & a%glo VgT d%#ue%%/ register

oper at i afith dGise afa pbide pf AEGErlO4ttaohaE®! iFop eita:yple,g)agedu@dmm ifidrpstion 360
signals, |ower . output power and producing |less interference, or the

base st aayd® deaye%ﬁomeaﬂvefwaeel m@s d/orggesivgd Rifpt S@ngls Base station mode
repr esenfd ng..a - fgl;

downl i nEﬁfo ra n|§c§béﬂ%iﬁ%éeégﬁgo?%lhg ? g@??? ggggéﬁésriag)na In g?‘ﬁgﬁ’g
338, i mfdnudénixjieddmmsﬂaisorgn &lor smm:plé |ad: amy given timeha base statiog mayshegpa &lansmit

char act er| tics | udi.n ower . | evel for ul.ati on si.gnal
Caue " ShRahHEIAL R, B BotreR SR opHRBT e iy SO Ey e lower
access %'uﬂﬁl@ W@}%H roxRisiriglessURREeRhEe, 36 FRYRsS b ﬁay@@iih dP4ctive mode of
regi stering vvltha ase station. BS wake-up si gnal

| nf or rratopenu@n@ g iraptesetiting ajailapgperiignd madeaa speperiiegieplinkand dewnlink
Si | istics including power |evel information,

m)dul at P%ﬁ%s(fh%n l%\éﬁﬁ%‘g nf ormati on and extension portion

information, is used by the wake-up nodule 328 to generate wake- up

signal s used f or waki ng-up,  a base stati n which is a transmt
standby mod80BH operasisignal inforgagen 335.gndrding peresntt Sp%c ath?R:?"t‘iBé%

i nfor mag I glgﬁaﬁ&a%&taeﬂeé fleRidiBiRTe: 16Ve DR afBE thodu@AtRdi SR value

extracte
information and extension portion information, is used by the access signal module 328 to

generate access signals used for registering WT 300 with a base station. BS wake-up signal
information 340 , including wake-up signal specifications such as, e.g., signal characteristics
including power level information, modulation signal value information and extension portion
information, is used by the wake-up module 328 to generate wake-up signals used for waking-up
a base station which is in a transmit standby mode of operation. Hand-off signal information
342, includes information used to generate handoff signals and information extracted from

received hand-off signals. State change signal information 344 includes inforthation pertaining
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recei ved hand-off signals. State change signal information 344

i ncl udes | i pertaining -20 WO 2007/035446 PCT/ 0
to Mitf ' ﬁ Eé‘;%&féé& hanges.. e.g., information for stat%e fﬁf@g%{f’%%%?".
request STl DA o P AHIGANA PE Sp1e G MG AP A ARGrgnd information
aut hori zed. a. : i 1 b

et 1 1] e e bR LR 08 e
i ncl udesidestifesrved beacon signal information 343 and received pil ot
signal information 345 corresponding to received downlink
synchroni zati on signals received by receiver 302. Received

synchroni zatﬁym; Si Rératvel B RIhp@ikAon sithal infortS86h 341 indRides fReilvB&beacon signal
rel ati ve power |evel determ nation nodule 327 and/or the rate

anal ysi sinfrouhatien 34andreod vedpitht signalinfwinatien 340 eargpapending Orraeaiyesdovegink

i ncl udes wer. | evel. infornation 34 d i j.on . .
Pr oc essegé{')1 ARARE Si%%%llsofﬁ‘:%‘."%%@{ relcwgrrf% i%e%&@g&]%l%h@y ggn Sighal information
i nf or mat34ans asddritinutagtHeelafied pbw i e deterifidbisminodile 307 apdlot the rate
and/or the rate _analysis nodule 329, which is used as input by the
base st atkbsismasialaiias dirosespskmeirapizatonreial Miaweion g ihelvdes poyislevel

i ncl udes . P \ I j i A= :
beacon ariuftion MERLRMEBRSRANIESSr, PterBRRL R e el BibGHon 347
pi | ot t daclvdésdnfrmati@ncutput fraah did rektipe pewerr detdrmitationesyluldwndiondhé sape s

of received signals, Rate. information 351 includes e..0.,. a

et or m 1BARREBe 25 @@%&Swaénw by v Stapey gfe dekition madhlessad

det er m ngded:- 8dvR1 RFornftibR B30 {RNRIES) 0024 SetbrPnin&d Sbwer el 8D fed Sflth received
nunber of pilot tone signals conmunicated sinultaneously in one OFDM

synmbol theassriigsil, ardetérmenddrtosrer dvel awecitied withaegsieedafilogtong sigmplyi anslp

rate of pil.ot tone signals S, e.0. rati f LIS f. '
CrOu ¢ r ARelTRT O i B R iR uP s of iPe0 bl RefrdbeoPHERLs Pingluces.
second rguThedetaimik¥ditd ¢faetdissd ©Pe bf signdlHt Brsealeembddihégs sétetmined rate of
pilots tone signals are transmtted. {30073] Recei ved beacon, si gnal
i nf or matbileH teussigrpltsnd B ar idsatifipd Rupbe o Pations jigadls semupicaisdsi gnal

i nf or mat i ) . . Spte .

from ré@ﬂ&%ﬁg%ééggoﬁgg?%%g{ § eFl 5% “gg%bzél?hf}"&% Fltvg]f' t etﬁérecel {}/:}e/eg&%a ,
si gnal , detn@imedssiool atleidont sipndlhis, e.go e eiticedf dftmtmmpbdriof®@ MM Hiansmission time
timng structur sociated with the recei ved si gnal ase.
tati on eBaEspdutaEarotians Fapia d el Bt PRI Bl R Risiopd R Gintervats
Recei Ve(ﬁuﬁh%%hi&fﬁhﬁlots {oRE QfoRElk a8 kradfRittéd. COMbi nation with processed
synchroni zation signal information 347 includes information

pertaining to and/or derived formreceived pilot signals, e.g., power

| evel of th cejved pilo . rat. . jV hlot. si I

el udi ng. nRek - aioE 8 bethl e nal i S Bl Blic] v Bees

i nt er valsyadgédtatiohatdnabimferinaGbbBY 3 yehales infamsatios pentining e andoedstisted from

received beacon signals, e.g., power level of the received signal, tones associated with the

received beacon, time within a timing structure associated with the received beacon signal, base
station, sector and/or carrier associated with the received beacon. Received pilot signal
information 345 in combination with processed synchronization signal information 347 includes
information pertaining to and/or derived form received pilot signals, €.g., power level of the
received pilots, rate of received pilot signaling including number of pilots per OFDM symbol
transmission time interval and/or fraction of OFDM symbol transmission time intervals
including pilots, relative power of received pilots with respect to received beacons, and/or base
station identification information derived from pilots, e.g., a base station identifier derived from

a pilot slope.
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including pilots, relative power of received pilots with respect to

recei ved d/or base station identification in i on

defiwved f%ﬁ\g‘gﬂpﬁ%?g e.g., a base statidn identifier der{){’/)@gg#%)%ﬂ?ss’%?

pilot slope. -21 WD 2007/035446 PCT/ US2006/ 035930 [0074] System

dat a/ i nf or mey j St ' RRhIEy OF s8R 8LbaE 3lation
mggl%ggtem%w&% t18h‘3’é%ﬁﬂl\lc‘1ﬁﬂe]$’5p fyQf s0¢ B

informatio formation 364, I nformation | -
i nf or matinformateh (Bcl ndamatian 864,83 Srddeformbbom3a) o BS3e@formating A4 includes

tandby mode i nf ti. b d i an .37
T nic] GOHR TARE DRI AR (AR e Fogt HerePion s vagR g d3Rton
base  stdbiaaident iflifkAidvaitink MndngBhd Q_Bqu%ﬁ@% sth@re linforhAtids) Favmd wise

timng and frequency structure information 374 includes, e.g.,

upl i nk station édentfifieatipansiprmafint H#6.t one bl ock i nformation, uplink tone
hoppi ng sequence information, uplink segnment information, downlink
carrier frequency, downlink tone block information, downlink tone
hoppi ng sequensie UplBk/@ewvnink tiRMuEyfidmkndy anstirs ifommations 74 imdwles,ad.g.,
informati on, grouping information of OFDM synbol .transm ssion tine

i nt er vabplipk eaTicHEpqUEReYH BN joge Slock infermatisng UPIk-fonn Bprping sequence

ul trasl : ' ' ' A ' RIF B

pertai n%%n?%ioglégﬁéﬁs\ségl n%ﬁg@ﬁﬁgﬁbmgﬁg%ﬂgﬁ% e\ﬁ/%tdb?,glﬁt he g?ﬁc\l/ce
nmode, eigformationafidwalinkhannkdprsegysegnésccantrm atipra OF DM eplinbolt teahsmirsiondime

channel  se nts and signals. .Transm ndb de information 370
ol e PR DR TRTRO R BTG 8 05 RETRL SV gHEremsaiod SR ARET G gto
rel evanifrQ1did §1ckd, 3sidibts BeabsiRlotd RMieas] s, tc. AdtIBMReaBHAGAIRIEIbSMEIdes
base station wake- up signaling and wake-up operations. Base station

node detmfotnaioni pefteinime to segraas,isignalsdes] fupetians melevam tade active pade 2.,

station, determnation duj e 326 val j s and .
o1 ot o EaTHEtER seeRsP B Fentd gpRoRir wlcR AEEE e AR RN kst
i nf or makiaQdbyBrhiddé mEdriteisn 37@ irdludek aifernhdiion perhintiny tagegmenty) aiganls| adel
i nfornation associ ated with each node of BS station . o era{)i on whi ch

may be HasHonbrelivantadin EHspat sehy mpdes g1 BieRHE arregiaedarithbase staton walke-
sttt onup IRARII B wiRLyPSRIRI s, ?@e%z{{ﬁ»h'rﬂ XefoclBY idfDhdte 3}7@3&1@&&

of pilot”si9gn I'n eac e and/or the relative power |eve
pi | ot simfomhaioniused bebmestativo doearnimation gredils 320 teadiuatotscivBhbeacons and/or

i dentifigation . inforgation 376.includes.d nfqroation waich.al e
551D oS Jearteige Tt S ot brgedse Bt Podh SRk BrPRud] v 2ffchidss
si gnal s ¢ g8 rfte infBriifiontnd R peREr lOASRIPRENGT ds8cidtbd wthedeH indaelof BS station
frequencies and/or tinmes within the dowlink tim I’ll‘g and frequency

st r uct upperaiers whichmeay g ushd Bedistnanishdetveanythadifferent nadshobhashgiaton

Pl ik PR B 21700 Dl ISP A AR chihl
and/or the relative power level of pilot signals with respect to beacon signals in each mode.
Base identification information 376 includes information which allows the BS ID module 334 to
determine the BS corresponding to received signals, €.g., a set of beacon tones occurring at
predefined frequencies and/or times within the downlink timing and frequency structure
associated with BS1 and identﬂ;ying BS 1 from among a plurality of base stations in the system.

Identification may include identification of cell, sector and/or carrier ffequency used.

[0076] Figure 4 is a drawing 400 of an exemplary time frequency grid representing
downlink air link resources available to a base station, implemented in accordance with the
present invention, and indications of timing synchronization signals transmitted by the base

station using those resources while operating in the active mode. Vertical axis 402 represents

2.



[0076] Figure 4 is a drawing 400 of an exenplary tine frequency grid

represent énk air link resources available to agﬁf’%g%?%/%
- statg-on,, I Geordance wit ent
i ndi cati @masm ﬁqnﬁtiei’iéb’siygehr@) 11 g ‘i?ﬂe& Qﬁﬁ'fﬂéquretsa @‘?ﬁ"‘?}f igalipg BY ghechase -

station g r LdcAGmnitReprage FPAE symbol
Vertrcars@ﬁﬁsﬂgfgg relpﬁsg“éﬂn“f‘gﬁre%ﬁé %@g@g@/ 035446 CT/n%ﬁ 8%%?03593ym °

| one i n(ﬂ@nsmismbmtlme(mter\ﬂal E4d) smail dqneretio the gyldoeireatrits & besic franmsmission unit, an

ropr esoRP e Siped, etnniiees PeppedRt i BREoBesRte Db smbol
transmi 3 0fyiclib AR hRRAR A rﬁé‘&ﬂatﬁﬁ%g&nb@%@fl Be bohveljed EdrtddporaiLHeLs

a basic transm ssion unit, an one- synbol corresponding to one
tone f OIORDM tone-gymilbm of thegrisl. @Bmds‘g@ﬁwhcatesf thaisidlshading of aretid prusre, a5 |

Cones oy SbbrT i HERE Rt e MR O RO ! R PPl T eopoig e

grid sqysfeCyyndl. Béana 400 alsegadicated taamritichOBne siadhigfdfaspridwgtiare, sshown in
t one si gnal at power |evel PB occupies the tone-synbol. Legend 406

al so i ndegsad elsmenid 10y signiftesrthatispilosiea Figarlst PeW@rrlﬁtde@q@a?‘aﬂes © tRgvipmbol.
in legend elenment 410, signifies that a pilot tone signal at power
| evel Pp occupies the tone-synbol. [0077] Figure 5 is a draw ng 500

of an exenpjoary t Figuré Semmémryngﬁ(i)(ﬁoﬁ@mxempmy tigne fobomeddyrgridaieprebantikg
resources ayv Ilagﬁﬁ to a base stati accor.dance.

d
the  pr cowRl oS A A RBIeda. PRl R, P R e e gt e
signal s }és SHntiBA, M ihiieaRas %ftxﬁﬁﬁ’é é}@@hl’éﬁizaﬁloﬂ 10885 HARKIREESy oibhe

operati g I'n t e transmt standby for an exe&l ary enbodi nment.
The basstativmtisiog thoag rdseumh%vvbdﬁepébm Igtﬂaﬁt rawmiioite premﬁen@r g1 exqgeplary
descri pt

Fi .but  now .oper at
node r ateﬂjg’Pd’t“W&h i}ﬂegbaé&s faban mey e %Q an st'g{)%@ts&&)ejf) &g%‘%{soetﬁ% &‘&QH on of
I ndex nygdhes 4,64t ndw o%eratmg in #fe)iranBmit I'Qtanﬂlﬁbﬂﬁiobé etkerylidn the ectwfeonode Vertlcal
downl i nk nal i ng t he base station. Horizontal %9*‘ ﬁ%ﬁﬁ‘t
r epr esests 508 ﬁ@re&ﬁms HOleealélﬁ%Wﬂffl odPrledent | Pign thsionek ks for downlink
trans m e Iﬁﬁ-&@ E e |
a basi c r arégr#{% g :bglé]e %ér??dtn an %ﬁ?’tl%) %g@@%oﬁ“? tﬁ(}%r ‘r”g‘gﬁ gﬁéﬁﬁg ?%Q%rﬁlgg
tone f obné DEDM s@hbolNtrankmdssion HokEMtayath &aclt sraxlb sqlmsa inrthe gmdreprasemty afbasic
A nodul at i ort s nbol conv corres ndr a
t one- sy Mige§ &%8 QBT dy%g‘% PARERSRA t?rtﬁ ]1% @Wéjﬁ‘]: ar?\/ln@f ong

grid sq Wlﬁv{ s §1h19éﬁﬁni1§!;1clﬁﬂﬁ@ cht&lvEIMeinoaBtion ‘s;ﬁﬁ'tbcfl @y Bef'ts’tl)hvé!yebe acon
t one si gnal power |evel PB occupies the tone- sgrrbol %@td 506

al so i naowpeedmgrm edvhQEIDM: tahe-Fymieol of diti rigl. Jreeand)pOQiindisgties that fylkshading of

shown in end el e 5 ni_f
ower | B SpRee SRR AR P HERLALTR, PRbe R Riacb B0 Pl Bl eve
exenpl apy, cesipasdithettine-shinboE dlepend 506 &lso pﬂvweslﬂwebnmntdam shading of a grid
signal communi cated the overall averagF ﬁansnlssron r of }h
square, as shown in legend element 510, signifies that a pilot tone s1 a at power level Ppr
occupies the tone-symbol, where Ppr < Pp. In this exemplary embodiment, by reducing the
power level of each pilot signal communicated the overall average transmission power of the
base station is reduced in the transmit standby mode of operation with respect to the active mode

of operation.

[0078] Figure 6 is a drawing 600 of an exemplary time frequency grid representing
downlink air link resources available to a base station, implemented in accordance with the
present invention, and indications of timing synchronization signals transmitted by the base .

station using those resources while operating in the transmit standby mode, for another .
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base station is reduced in the transmt standby node of operation

with resp active rmde of operation. [0078] Fi
dr awi ng 6%& 3509/0%1?6 sS00b/33830
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i nt er vakmbodiolent by reduwing thorats pEyikdt s1gna1nng, ﬂlesOV@)@]rﬁp'lemgy tragsthissipapawer of
by redu e.rate n the overall rage
Y e Sietdhe Aeris Sodtefis B B SRR bRy 0T R HBion WRLAYRg o fpg cctive

st andbyjeder Sher@mer ati on with respect to the active node of
operation. [0079] Figure 7 is a drawing 700 of an exenplary tinme
frequency grid representing downlink air link resources available to

e S, AT S RS M B corsnin

t ransm towalidkyait liek haserces available to a base station, implemented in accordance with the
present invention, and indications of timing synchronization signals transmitted by the base
station using those resources while operating in the transmit standby mode, for still another
exemplary embodiment. The base station may be the same base statioﬁ corresponding to the
description of Figure 4, but now operating in the transmit standby mode rather than the active
mode. Vertical axis 702 represents tone index number (0, 1, 2, ..., 15) in the tone block utilized
for downlink signaling by the base station. Horizontal axis 704 represents time, with each unit
representing one OFDM symbol transmission time interval. Each small square in the grid
represents a basic transmission unit, an OFDM tone-symbol, corresponding to one tone for the
duration of one OFDM symbol transmission time interval. A modulation symbol may be

conveyed corresponding to each OFDM tone-symbol of the grid. Legend 706 indicates that full
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station using those resources while operating in the transmt standby
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avail abl'e ase sfation, I n accor ance W t
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transmtted station, usi.n tho e esourc
oper at i ﬁ‘@j’dien 2 ?’%igq%regfeé%‘&ﬁﬁ ; { ? 2, r?ofsﬁ e S%FB?‘&?thed

enbodi ”%}Idow;ﬁﬁiﬁk 9@%@1 8 {HRbaiBMatt, t%z%ﬁfﬁ?aﬁé‘@solﬁie@%ds&ﬂs time, with each unit
corresponding to description of Figure 4, but now_oper at | ng in

the t ran@m@n@t&@@@Flﬁbﬁ@mmlrm@nsmh‘aﬂn tims instval.cEadhourall squnteiie i gild s
1502 ts ot
' i 2o AP Fre LR B PPN ong bl pottesb Bk o oS i fre

1504 r egugsienbsotd OEDMihbsl atiasdidsion umpmmht Angomﬂmc@%wbsymbp be

transm ssion tine interval. Each small s th
conveyed corresponding to each OFDM tone-synﬂ) ? the ‘ie% ndd 1506 indicates that

full shading of a grid square, as shown in legend element 1508, signifies that a beacon tone

signal at power level Pg occupies the tone-symbol. In Figure 4, 28 successive OFDM symbol
transmission time intervals are shown. In Figure 4, three of the OFDM symbol transmission
time intervals include one beacon tone signal and no pilot signals, while the other 25 OFDM
symbol transmission time intervals each include 4 pilot tone signals. In comparison in Figure
15, the three beacon signal OFDM symbol transmission time intervals remain unchanged,
however, the pilot signaling has been eliminated. In this exemplary embodiment, by reducing
the rate of pilot signaling to zero, the overall average transmission power of the base station is

reduced in the transmit standby mode of operation with respect to the active mode of operation.
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signali Blich igher pHPE: 1&41%& fot%igeama t1%]9c¥nu%§i"cé{te&hﬁﬁh 1&5@@1&%@3& the
transm ssi on i nterval s ere |nt e active node her wer e

pr evi oushergpid encendrated @yoreairs: fewanges] thue tmitiig the aﬁafqa‘eme;damagns Hiowever,

st andb e of base station operatio rresponds t.p one J|O ne
o ona” PIPSGxRsermRteb e s bRyl ahP CoRIRRA R Rrl Bofon OF s e
beacon stafibn trhibnS OpBy &UFITENERPAAIVE nRsHROMEIERNE SredGAE OliitHRMilonSghaling in

unal tered between
the transmit standby mode can achieve more beneficial interference reductions. In addition, in

some such embodiments, the base station does not transmit downlink traffic signals while
operating in the transmit standby mode of operation, thereby additionally decreasing base station

transmit power and interference levels.

[0083] In another type of wireless communication system, e.g., a CDMA system,
spreading codes synchronization signals may be used, and the power level and/or number of
spreading code synchronization signals are reduced when operating in the transmit standby

mode of operation as compared to the active mode of operation.

i
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operati - / ti i T 4 P
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respect iggglayd WPBDOIR0Me chBdntRAnIal oRCERE IRRGS aid ﬁdwmezﬁpbmmuﬁ&t%ﬁ&i%
Figure 2, while W A and WI B may be in accordance with exenplary

300 of Rexyined by BEEINE ®d4he basestation ) Yp4iincurrendlytdpgeating dfe thefirangaif standby
station o&(%ro%tigrgﬁor}/w A 806 is in an active-On state of W operation;

W B 8079 V'RPEAR"“Hcti ve- Hol d state of WI operation. [0085] Figure 9
is a drawing 900 illustrating an exenplary base station, BS L 904,

with cellular coverage area, cel] L 902. Cell L 902 includes

exenpl ary t 088Gk r Elpus 10 & ainganng 1ORP ilustgpg apgxenplp)baspgafon &P Frhgo4,
be in agg B ek ket &ITRBLIEPY 0B 209 RAbOT infbitidRs RxertiatyBtwoirGesd @minal
and WI %ﬁg{)%ﬂ{r%%ycwee}%ﬁ acéor dance wt ’exenp%ysvﬁ'e %}}gyvoﬁlgr;ure 3. A
W C 9QWTaRd 0N, WIIOBR).eBSUr 1adtrhay bainaccaflincstvatheexefipdary B 200md Figure

WI's i | L..L I ' i.ced by BS L 904 t .

St at i on2: vais TLECGH alle T B0 EraYrR erthe e it oeeBplarutT S gy
oper ati g% P | 6088wkl Spet&lineSn A thhanit BAndBPRold bESHrAtdnNGVEIE 1006 is
exenpl ary base station, BS P 1004, wth cellular coverage area, cell

P 1002. caspntlyoff awbis nohkeing servissd kB 100de Wil /el @08sis cawrentiyan g sleep state of
operation and is coupled to BS P 1004 via wireless link 1010. There are currently no WT's in

cell P 1002 being serviced by BS P 1004 that are in an active state of operation.

[0087] Figure 11 is a drawing of a table 1100 illustrating characteristics of base station
active mode of operation and the base station transmit standbyb mode of operation for an
exemplary embodiment, in accordance with the present invention. First information column
1102 lists information pertaining to the base station active mode of operation. Second
information column 1104 lists information pertaining to the base station transmit standby mode
of operation. First row 1106 identifies that in the base station active mode the BS can service
WTs in the active mode and WTs in the sleep mode, while in the BS transmit standby mode of

operation the BS can service WTs in the sleep mode of operation.
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(Wr E 1006, WI F 1008). BS P 1004 maybe in accordance with exenplary
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8 two or successive OFDM synbol - transm' ssion tine
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some  enbodPA¥Ht s Thirdsowd At ilenti b?tr}’ﬁloﬁﬁﬁn"ﬂ% g GPF’é‘i“Eﬁ‘Eat‘i’rHrfntﬁWg‘
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[0090] Fourth row 1112 indicates that uplink and downlink traffic channel data is
communicated in the base station active mode, but not in the base station transmit standby mode
of operation, in this exemplary embodiment.

[0091]  Fifth row 1114 indicates that paging signals are communicated in both the active
mode and transmit standby mode of operation. In some embodiments, the paging signaling may
be communicéted at different rates and/or have different characteristic »depending upon the mode
of base station operation. For example, in active mode, paging opportunities may occur more
freduently than in the transmit standby mode. In addition, in some embodiments paging signals
in the active mode may convey more information and/or be structured to aliow for a more rapid .

response by the WT to which the page is directed.

-08-
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| el udesaRitt fhbr ¥ ndln SRRSOl tach BIE QAN VerheOBkka. HHORort -

The exenpl ary onmuni cat 1 ons syst em-al SO I AC es a net
coupl ednbée {B3 Hy diByniBRir thddhle BSrhatiad &)d/vi iafohmatibe deivedrksn the

1226, 1228,. 1230),.. ivel Kk .nod 222 1S | | to ,
bt hor . naiEAlie TROUbELoH B/ BF EShesen HEBOEY Ak ok s pRecisT4ons ByS: ransmit
Net wor K sahdisio (2@ ¢Emode 484 frddiRtivd 834 tdBhshes stﬁldglygm(fdeb &or SRfnhyfle, the

l'inks, cable Iink, and/or_ high capacity wireless links such as
di r ect edetotl node/E222) aar sendeohadilk inderenation 2o eachi yukibe HSheaaswaich

| nf or rmta&c(?)rr]di%gzg.4 ‘Alternatively, the network node can use to the schedule information to determine

0

when to issue mode switch command signals to each base station to command base station

mode switching operations.

[0095] In some embodiments, information derived from train tracking and/or train
position detection mechanisms such as track sensors, e.g., already in place and used to prevent
collisions, is used in controlling the transitioning of base stations from active to transmit standby
mode and from transmit standby mode to active mode. In some embodiments, there is a
controlled base station mode transitioning of base stations along the track 1202, e.g., directed by
network node 1222 taking into account the current position of train 1204, the direction of train
1204, and the speed of train 1204, |

20



[ 0094] The schedul e information 1224 includes train schedul e

i nformati i identifying when a train or trains w it hin

edch, BS sqﬁ&z?" &gﬁ“&gyeﬁ age area. The nétworlf< %3%% 1%%% Ulgfoo\s'\fo}.sgso
hdeapsier, 4f & Al thaldhofrer AF BAGRA00 Y drppghsells

comuni cat |H)@
t he C | ©1kNf Or Is ; t i i
base ot At S pr o 220 iOfralitr it el 25 L £Vhry 0¥ RUBHOL Behelly, e
nmode t 0 ahleatb®dtinerns,valnahldyaimb2i@d isRot inexaealip(l 216, tIRES, 1320)wirkanbzialvaziageous to
d hedul e | nf ti t h BS t B . t .
ecor di R 5o oapa St (o by 2 P B R RE ity mpds o BeSHHicr dmedpueing

| nf or Matl,Ghnk ?o%f S eBSoin AR éhcb SRHFevEP HRerd e tfalh BABERNE effefBRds In the

to each base station to conmand base station node switching .
oper at i eal$ (171609518, 1220) drmarbdadiiantagesys to hivve thabaserstation opethling dmactive

R N e S AT G R P
col lisi %ﬁsitibﬁn?%@@ve%ﬂnfb@@é 50tk fafhs ININ's {1206,512089 Bictan@éd SR S@nE6RI B8 S

fromactive to transnmt standby node and fromtransmt standby node
to acti veationdethemnexts ofhe redused inreniersncerney e pastignlatpbenesiciobin gshihoundary
station e transifiani : i E

g arraieet By ol iRy Bisg 888G D Ryt bR s il A Homer,
posi t i oadfaterit basestdtiddnayt teetygicakty bpernted cottiraionsly 124é actineimbieoBgpeeation.
~of train 1204. 29 WD 2007/ 035446 PCT/ U52006/ 035930 [btl~6~ onsider,
as an exanple, that the area of track 1202 which runs through cells

1216, 1218, [ggg‘gi %%ggoﬂlé eﬁbﬁcﬁﬁﬁﬁfs, HRIP b Hiti s Base Whtidhs Are/@n¥mARMd into

popul ati on del y. In suc an enpbodi nent, when train 1204 is not in

a cel | (2846it sthady; modo@hen & traimey alow nedvasteaifiedoeation, e put briflge ¢ravenel, e.g.,
stationg%;210 1212, 1214) in a transmt standby node of operation,

thus redFERGYPPEHISTS t power and reducing interference; however when
the train is about to enter or is in the cell (1216, 1218, 1220) it

may be advant ageous to have the base station operati ng, in active
mode. | n sol¥89%Inhdar msthosls deseaibed gath rewest ipithiEye caIbefEnens ef Figgead 2 are also

wi t h adj ' . 1 it api :

{raine. RRETGbisS Sthed sBirERior AERGHS; PO} Boef ARERLIBRTRaFbe Hificd qlone
next. THgsht @dils end baseatation encle opesatibe trpasi tiordng mal Ye beordiratddabith fligbel |
boundary reas, e.g., in a cell boundary area bordering on a higher
popul at ?%%P]@d?@ﬁn%e anot her adjacent base station nay be
typically operated continuously in the active node of operation.
[0097] In sone enbodi nents, under sone conditions base stations are
commanded i[8099] t Figvserld camprinity thewdmbitaéinn af Figatenl 34 Figured 3Reand Bigure

BE?S:)]; 'eg’a’b?é: éa him(?vgharfa 1850 0t%n %&Ex%ﬁi%r;‘z%e{h%ﬁ ¢ lopergtilgg' a b‘asfe%{ati%ﬁ WY QJCBYdance with
the present invention. The exemplary base station may be base station 200 of Figure 2. The
exemplary method starts in step 1302, where thé base station is powered on and initialized.
Operation proceeds from step 1302 to step 1306, step 1308, and via connecting node A 1303 to

step 1304.

[00100] In step 1306, the base station is set to active mode, and then in step 1310, the
base station is operated in the active mode of Qperation. The operations of step 1310 include
during a first period of time transmitting synchronization signals at a first rate. For example, the
synchronization signals may include a combination of beacon signals and pilot signals. In some
embodiments, the active mode of operation may be considered a base station full-up operational

state of operation capable of supporting one or more active users and supporting uplink and
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[ 00981 The net hods described with respect to the train enbodi nent of

Figure 12 I applicable to other transportation n ,
exanpl e ,b,gg ,E%%;%é-ls;;;,‘,@yx,.ue,si tuyated al o flight. pat hgémg@%gg%o
Stat|on ciw% fia and SigA8ling: cHISHISHitlP WP T Hion Stenaliphimey bgipch to
schedul g, JRE [ LT, S Bhi i f

Fi gure %ggésﬁ r&‘ gur eﬂﬁl‘f%%’&g%%&n&?dé%?leaﬁd %g#?g&‘g&:ﬁug%%g&?g@ ?30% @g%wéaég by'the
exenpl abgsemtbtiond @ferapermoeasds foatep BX14tto stepildlZccordance with the
present invention. The exenplary base station may be base station 200
of - Figure 2. The exenplary nethod starts in step 1302, where the

base stati gnnoﬂ p%\/@{eg%m tRé1Bask RiatibAkd Rehted ORDEEKE 452D vitlefRe Gtlse hreQRy
step 1302 to step 1306, step 1308, and via connecting node A 1303 to )
step 130MTspeiogeayiced inamectiveoBte. thes examplesVdisinaay tegisiwetvithe hage pipidon that it

et ve ot 5 uighsd sl ot Sralol RS 5} bRl iy 30GNERiled: Rl

a first ppgriead dofferbhtiibatéy RAsEréntititgessy. 8BS AkIes) Zate ovan Sbivestaiephe active state
first rate. For_ exanple, the _synchronization signal,s may include a
conbi natﬂil@t}’rbetﬁlﬁb@éﬁ’gﬁﬁ@d tpriarlsdepragiivediold stprang anjagtivg g state. The BS may

embod! MRl thd {rAGkdntfi iR SnB O RHUE AL ol U ONHARORS iy BRI
station fu ?-up operational’  state of opération capable of -su?o’portl ng
one or assigniag Wikactise nser adeahtifiaysp diht iBimayptrackdha ndmb&800fitde2 @O LMBEMh4EtIve

PCT/ US2006/ Q035930 " _jt . nlink ijatfic.oliaiingt:stgnaling.,.The first.
Fat e of SGYndhRoRF K 12t S 1ERER Y R oIt i TEP TRt Sl WT aitive
rel ativelpye, E%ﬁ,tnoW'iQ RaREUtRALLSR AN HE IRBEbeIRS bdrPRéd &8 chientW s thehafre
serviced by the base station. Operation proceeds fromstep 1310 to

step 13$@2te, fleorPtiatipn pyicedsta sep 18 ks dibarwisst eperdipnipoessds twrséep 13d6. In step

check a ther .there are an -0 Vi Ny j .
tate. - 1310 BEHHsP SracietBh ing SRelibra M0 R 1% 8 Sup Kb o M i Bt
wi shes bRtd)s@eB$hd indctpiytima@l Opetatonlpradebaciomntep 1806 @xcknmolsegpyl 312, where
regi stered wireless termpal rmaybe in di ffer%n_t states at different
tinmes, &egpase staonagninehacks torseq i therejaeany; Wils betngseryigef j theragtiye statgy
be further qualified to include an active-Hold state and an active-(n
state. The BS nay control the WIs transitioning into the active
state, and[00he2]coi step 1d]k matnactigityrtimer isahardmentad Dppnitivg pdeceds fromestep

user id |fiers he BS t k t n r of users.currentlyv.in
active ?2{%{%8 R }31;§n%§§f§8 q?gﬁ’éf,;ggatse isgagaléf%g%ﬁf ALY %eglgerttﬁeeglggtg?ﬂﬂ%er has
W's bei Bgece8éd/s fRMcteRniABd MWhitt Of ié@imdthaé ExceBddd the ?@d%ﬁnﬁ@d Tigf, bijeration
registered wth the BS being serviced are currently in the active

stat e, pPrasedspesigpildA0mibrwesgsonemtinnagtungiia steptldd? whese thehapastpléon again
proc eed%héc%s 2l %pwl’}e%&eg"or In@t fbfere any WTs being serviced in an active state.

[00103] In step 1320, the base station is operated to transition the base station to a
transmit standby mode of operation. The transmit standby mode of operation is a state of base
station operatibn in which the base station is not servicing active users, but may be servicing
users in a sleep state, and in which the base station is operated to have a lower average output
power than in the active mode, thus creating less interference in the system. Operation proceeds
from step 1320 to step 1322. In step 1322, the base station is operated in a transmit standby
mode of operation which includes during a second period of time during which synchronization
signals are transmitted, the synchronization signals are transmitted at least one of: (i) a lower
rate than in the active mode of operation, and (ii) a lower power level, than the synchronization

signals transmitted in the active mode. In some embodiments, some of the synchronization
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1316, the base station having determ ned that there is at |east one
registered W in the active state, resets the inactivit

Oper,at i on “pP SWEQRH4¢ r om st ep 1316 back to step 1312, Wne¥€T/Uts 6/p338%
st ati on sigpalsne-Ehbeacon signglsepy be fiesams i @thynwpg OBbmgtaéleP \9P%1’é601?= fyvhile

the acti

i ncreme ¥}é&§§r&)e?né a?%ﬁ%%nafséegéﬁ OtJS%]n% ¥ Qy?g?ﬁfucgd{n){ Vel én(3{1()][s]fta tg
1318, t%11@&ﬁ&165ttaaisn'@trstmdbym)da$fbperuﬂmther t he inacti VI ty t| mer has
exceeded a predetermned |imt. If the tinmer has exceeded the
predetermined linmt, operation proceeds to step 1320; otherw se,
operation L(ﬁtly AnS ﬁe@urﬁ—rgg ol %QSOMEE t1§@4 l%ﬁé@asé%ﬁhbﬂ% (ﬂﬁ?dtéﬂ toGPRE k8rrent
as to whet r not there are an bei’ng serviced an active
state. [l 03erativnsgropeeii® FOm dtérel .%)ése stepdB24nin $ep)bﬂr4aﬂ1@d>as<i)stat10n checks as
transition_t ase station.to a sm t standb node, of operation. ..
The t  aS HPEAIEE O gayeries Beteis et frEare s BBt e ariiph y Brding
oper at i gfsdnRaBisBrhitfor 3% eﬁfhﬁﬁlb Qe BS 8} bSREMEE i Wredfdié MRalbs& fd may be
but may be servicing users in sl eep state, and in which the base

station tnaasm@@ddxeé\&lemnnh@ﬁﬁeieaend@dv@porawb@thgreormt ptrein 1p@uémgtweuw1rqlwé

active node, ,thus_cr at| S e in.th
or ocoodlial R R mEnEE b I hE PR Y g B SreR R ook e
i's oper %ﬁ@ﬂnﬁfbn&ﬂaéﬂﬂ@ﬂ&lbn&/bﬁﬁﬁﬁumﬂﬁd@ thﬂle(bB&r Adtioan Iﬂﬂie(blnrrbﬁtdimdé&s not

during a second period of tinme duri whi ch synchraqni zatio naI
are tratuheate et ? W@ésesgrﬁm%ﬁmﬁldaemﬁ%stwgﬁl&pge paerﬁ?l%gnﬁcﬁngér kel

one of : (1) 1R d0ieN HA St 1le blﬂ-xérxl?ﬁrrf%QB&\é?cemg?a ﬁfodeaﬁﬁﬁaabrpamm
(ii) a lower gwer | ev n the synchronization

transm pbnfotmad Yokl wani szhedtﬂﬂmfortmﬁsmﬂham@mimm%&edsﬁm stdp k34 to step
synchrog% tion -31 WO 2007/ 035446 PCT/ US2006/ 035930 - signals; e.qg.
beacon éfﬁal s; may be the sanme in both nodes of base station
operation, while other synchronization signals, e.g., pilot signals,
may be reduced in power |evel and/or rate while in the transmt

st andby noi#81Q5] opestap il 320, thalmso iptigwisinpatatay to detsrapnevdether the tgqr@i@ion

or oobed ST IaRy 4 BEISE s ATl et hRE el aSH o LR P E R AL

checks amdﬂmmﬂeﬁhﬂnch Bsse@iperadith pidce®isitodiep dB8G Inhwdp 1328, thedase station
station shoul d be npde tran5|t|oned according ta schedul e

i nf or mafhesks aFgrwistherihe BS ihalresdy mugn #8ive statg egvhieh casp apdiudher getign is
area ang.Jmy v&}?ﬁﬂ rebdr@fie 'tﬁl%ﬁ?&% Jﬁetﬂﬁ%em?fdﬁsstég)a@@@dﬁ@s dﬁ?&ﬁllﬂmhﬁ%e BS is

not a tralin including no reless ‘termnals Is currently with
t he vi chofiinpnaftive mode|then @eractmu@rcagedsaﬁ@a stepd8a8 tpsep 1332, mvhwrﬂa@lba@

i nfornmatj pn either r ed an/or ed,.to the

e cur pefitn Bl dnsaleeb Hoh K A ad S Ptk Eistenl ot SBedt i Sl e’
node tr ahietieshe FOPEI@AbLIseD 131008 A6 tHe Ak shitdh ik dddrateddnaltitednsderp
1304. However, if the current time indicates that a node transition

shoul d be
[00106] Returning to step 1330, in step 1330, the base station checks as to whether the BS

is already in a transmit standby mode in which case no further action is needed with regard to
this transition. However, if in step 1330, it is determined that the BS is not in an transmit
standby mode, then operation proceeds from'step 1330 via connecting node G 1336 to step

1320, where the base station is operated to transition to the transmit standby mode.

[00107] Returning to step 1308, in step 1308 the base station is operated to receive signals

over wireless links and the backhaul network interface on an ongoing basis. Operation proceeds
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perfornmed based upon schedul e information, then operation proceeds

fromstep ep 1326. [001051 In step 1326, the tat i

i s operat # ?@Z ﬁZ.{.mm,nﬁ HMhet h&r@ %Hg érans%)éi og3 SEO%|% ggg?%g?{%}sg%
active MSHESER WA CEBRECIRE PSS (B 3 P%.de ddtfs D 13 B 3938 fogsteps (1340,
transmt t 6 i L&¢ase operation proceeds to step 1330.
In step 1%@&?’9?’% ggg%@tr}g%oﬁ%%hecks as to whether the BS is

already in an active state in which case no further action is needed

92 TS R R Sk D et W e o
proc eed%e%iét%ﬂﬁ 8 BB &Pude ISR sthidSas WEdift SRR Attadhin®int. O0pérStion

operated To transition to an active node. Operation proceeds from
st ep 13pdoseds ransicedBithtp siont342, wher thebasestrtios theckametoewhetberngset an

station is operated, i nhacti.v de. [001061, Ret utning t ;

ot ep 9565 B "BREERt o TEHbiE bt R et bl o g0
i N a traReNBh; RGN JFefitioh Brodbédsvis simettinf ideR13ACtbiste 1338 nelede the BS
with regard to this transition. However, if in_step 1330, it s

det er m akerks hate Wirth@fingt theBS is camentlyingsiiye medandby node, t hen
operation proceeds fromstep 1330 via connecting node G 1336 to step
1320, where the base station is operated to transition to the

transmit spened]y BRetening@®itey |34 instap DA, theshasp staBQBmonitors fapw 408

t he base station is operated_ to ceiye signals . oyer wireless |inks
and ¢ heSIBRBRITG ViAHITR 1A BPPAVAS a&%wa%ﬁb%h%ﬁwor@é&%e&w signal
proceedg;, th§gac\ﬁg?1ﬁ%%&§%ﬁﬁ)r%gﬁy§gﬁlqﬁw #9aba cdftAlat @RndYMd4hdlle or from

connect ng nodes (B 1338, C"13 D 1352, B 1364, J 1365) to steps
(1340, ad@Ug nehdsk noddeech a6 AYjacens bpsecttitionl For praamle]a wirelsssdprmiaalo,

t he base station tors,for,acc signals from Ws, seeki hg t .

r egi st ePURFEN PRReH tpsnpther ?ﬂ%ceﬂglgsy ?‘tpg? P’&ito g@o@gmglg@ﬁk@rﬂh (ﬁ qRFHons
at t achnpRiktin@Re k AkhBf t§ EHRARSEStafisrOMhst BibedidAftd Walsd-eR nda3gitiavhBe evake-up
t he base station checks as to whether or not an access s%fgnal has

been r edignslead commymicataihs sigarlgaaits prsent poinhabretvatkatipganepe lie ¥ h may

returns,t . oy r\M ner at. 1 ¢ : I

node 11 e FS Bakelt yightGiabto ShipRSiBiab bR BGEERS LnbRANGE] bilfihe

t he BS ivakeup signbll ivformatied iswdtimmatdly. coptdigdtedRetthe By transnsit etpndi84Bode via
in step 1348 the base station nonitors for. ke-up - sjgnhals, e.q.

v | ek R PR O G GRORPl: BorBlBHORLI SoBl g e ad the BS
wake- up, %Jaﬁé'—%k sighbPByih % DRRKAAW g AL WBKalIBY c@fticl hbdd EnpléhditRg \8bntrol in

froma centrafi zed conmand node or from another network node such as

an adj aseordapeswith train swhedule inferaiiohe Asangiheeexaswle, anotherdiase glghem g an

ﬁ 22 3 ?S]E ?e(% 8(%6%}; gz{]sgtg%glgn,atgéﬁigcg\%re Ig’ ActvS Fﬂ?c%[ifer{gerts %pﬁr%%}flrllg thie rﬁg'se&ﬁé}tcell
perimeter may send the BS a wake-up signal via the backhaul, so that the BS can be transitioned

&

into the active mode and ready for the active mobile users when they arrive in its cell. As sﬁll
another example, a WT in the base stations cellular coverage area either recently powered on or
in the sleep state may have detected that the BS is in a transmit standby mode, and the WT
generates and sends a wake-up signal to the BS via a wireless channel. Operation proceeds from
step 1348 to step 1350, where the base station checks as to whether or not a wake-up signal has
been received. If a wake-up signal has not been received operation returns to step 1348;
otherwise operation proceeds via connecting node H 1344 to step 1328, where the BS checks as

to whether of not the BS is currently in active mode.
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resulting in a hand-off to the base station that it is seeking to

wake- up, ﬁ?‘?ééﬁ?”gg“%e t he wake-up signal and conmmuni catgﬁ:{% %@i?/g%%o

viaits cuy (1Y) f-0f. petwork attac t. .The may ., ol

this wake- 9140 et Eng 40 ﬁfspé%%‘éilﬁsfaaﬂg?‘gﬁb%‘iﬁsw\%%ﬁ&&% or hand-off
conmuni L@n : b PWEs R Lt ' b t b?@fa d
conmuni g%é@’ ?%’ ?ﬁgv%%&is rllmiﬁ%(gﬁsm t S%??ﬁﬁ%@ ﬂri)réolgl%kl\ll?gn ﬁ\dgkba khghii{proce.e :
net wor k frofsstamd3 Sreto stepaliB5b ewhere derbasa btatieichreskswsrtk vdwther ot notedandeff signal

send the BS a wake- [ .vi a, t he backhaul ..e.q.., the central.i,zed
control %ﬁ%ﬁ"eﬁnirtﬁ&ﬂ“@ﬁe E’It)‘? ﬁ@%g"lrﬁgr@? hagpot ESW%H%deORﬁ%(q?ntrF@We@ c,sf‘?é’ dd ﬁg’
i nfor mabﬂg:?wisé% AR08 NS0 M8 FPEp 194 LNRTephBSE 1Rtk StBtioed&ermifés whether or
adj acent base sFatlon, bei ng aware of active nobile users approaching

t he BS' sobart ereraimnil mpds ¢hapngeshowtd besimiementied B rgsyltirEtha geosived dpndath

t he backhaul , t hat the B be t i i . . 1
ode. andEhka B P heoane B e R IR AR .0h 2 iR Hhlcom th st
cel | . Agsugbitlyl regisfeeddneirelessasmhigal krinfsetvicddty thabasestationpthsn afed dohmpleting

coverage area elther recently powered on o in the sl eep sta%e na
Q%)n.

d
have doflschasdoftias basnatathen pan hefransitionad e the EaAeTBY Sipdky MaRe of pRer

gener at ' ' L L 11
Channel Fofuae F0E o SoclRA it BN R ko sifleDoRtr Sl RLBATV T rpro sill in
base st ah haivesdste sthasthe oeliyadiabestation motle changk would mit aappropdate bdemnother

[ oCS er Ciapnpler copsig: hdBe BRelost el By W D et M fnal Hhitar Rl st e
1344 t Oﬁltefegs fe3thal WREHENE RPLBSABE6HT0 8% balOsih! HRIth&fth&BiselshEoBS

i's current In active node. -33 WO 2007/035446 , PGI/ US2006/ 035930
11 R "{thrreitly i0 Btansmitistandby miotie of operatian. d/nder fuotcendidions #mguldbest ep

1354, in step . 1354, the base station mopnitors f ff . SLOE

oo, vrainpRur BoCnsiReRT PG Noh S B RG%s S u AR e basf Y s
Oper at i gReddyas eRdativeihad® wheikulBahahdofBsigial 138 Geceived via thedatidmel network no
station checks as to whether or not a hand-off_si n%l has been |

r ecei vebase|statigngradedrapsisipy fanldbeneeded. b’éé%stﬂééﬁgvfgﬂ Biscttattongietermings that 2
to step 1 ' 0 | {2@nS A :
1358 ¢ nEPRa ChengR R GR RRE A PpRLATED SBOR B el bPtations are
change pbdathttdhie iritigsk e mericetians: iarespeudetto diis rdveivee bandodtisi peatdof

signal. For exanple, consider that the received handoff signal is via
awreless link fromthe last currently registered wreless term nal
bei ng ser vjopgefh by 1t 86 Pase iRt ké Katiord HOBecdb HegenaMFRIpRhivwiEch #b@e transition
handoff the base station can be transjitioned into the transmt )

st andby diredionoff thp arode itrnsitiontisie feg active mpderprsratiop drecegdniomstap 1360 via
signal was recejVv bl e r-egl - ' !

rctive SRS 18R tEuh 1% PRI R SRS kot B spods,
appr opr bpérationdsroddedt hem stgx 1860l da coarsiitienodelGi3itwe sepnib@0f signal is
via the backhaul network, indicating that an active

[00112] Ret{lming to step 1366, in step 1366, the base station monitors for state g:hémge
signals, e.g., via wireless links from currently registered WTs. For example a registered WT
may request to be transitioned from sleep state to active state so that it may transmit and receive
user data. Operation proceeds from step 1366 to step 1368, Whefe the base station checks as to
whether or not a state change request signal has been received. In some embodiments, a request
for additional air link resources, e.g., a request for a traffic channel segment may be viewed as a
state change request signal. If a state change signal has not been received operation returns to

. stép 1366; otherwise operation proceeds to step 1370. In step 1370 the base station determines

whether or not an operational mode change should be implemented as a result of the received
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wireless termnal is seeking to be handed off to the base station and
that the lon is currently in a transmt standby node of
operat f om%ﬁ%@&s“ﬁgh gonditions it would be appropral Ect) SSiodbssos0
transi t VR sticlsdgesigial Ferexamnic sonside thasdee st signgl ispiporp g gwrrently
station e L. LVE: MR j |

ecel volt By fRRRaY i A p R SCRRET MR By B OBl LDy Mhnge
woul d beo naB@eathte, lahd the mbestati@bi8 cutrentheindrassmaitistandojemedesi thersth Bt shauld
node change shoul d result, operatjon proceeds to. s 1360:; .

o her vi FEPIeASET BPoHs Ehge ks ho g HOEY o s el 30 TRT Sl heesygal was
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[00112] Returning to step 1366, in step 1366, the base station
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base st gliduldbé inplemesnd bya tasult pfthentdeivdddnshstatimdsate thargetsigpaBSor example,
shoul d _j npl enent, node .change to acig%g. However, if squ a
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be necesSary. If in step 1 the base station determ nes that a node
change stmwidered eomaninds vdper the bese siatbwdoplemantsvishout Sgther soppdanition, whde

further erat.ions ar erfornmed to initi,at . [
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[ 00113] disefetibMidpdrdine the @ibdb3Bangel IFos eimPI8GT thetrheddxhargstaimend was by a

rmmtmsfonnnewmmpe . i "
centralized control node and issued for security reasons, the mode change may be implemented

without further consideration, Alternatively, if the mode change signal was a suggestion to
transition to transmit standby mode, based upon a schedule, e.g., a train schedule, and there
happens to be additional registered active users outside the train, the command may be ignored
by the base station. Ifin step 1371 the base station determines that 2 mode change should result,
operation proceeds to step 1360; otherwise, no further operations are performed to initiate a

mode change in response to this received BS mode change signal.

[00114] Figure 14 is a drawing 1400 of a state diagram for an exemplary base station

implemented in accordance with the present invention. The exemplary base station may be base
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signals, e.g ., a command via the backhaul network indicating that the

BS shoul d e its operational node. For exarrpl e a network contr
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suggest 0011020, d ANsthii A dedebi RNSPA, HaaBENed LS st @S REds BRMe8 signal
schedul e ki%ﬂal 19'20 ééi rail r? scé? S%IF %’%’ there ehappe%g1 to be addlgt |81§nn?al
regi steﬂéﬁz actl ve users outside the train, the command naybe ignored
by the base station. If in step 1371 the base station determ nes that
a node change should result, operation proceeds to step 1360;

ot her wi se, [00@15]Ur Flagfe R‘Dﬁraadrhﬂﬁfg 100 ipekbOndR serled off el saigential dPRelfions in
change in response to this received BS node change signal

Fi gure 2@ examplargreaiodinayob theroresest imventisna giagrrms (16, é@@nﬁg%ﬁ 968jé§é09

oxan! ol RS CRALEbreldh QLRI ANG e kbt SpBh oo LBy Aot ATID2.
PCT/ US2Didgr&iz 360 Bﬂlus@ﬁtaﬁ tane2DAa502 irg:hrdés Eiiemplﬂiiyi besestetipd Arlg0harperating in a
statlonlncludes ane Iar state 56%2“ rwi se r&err dto as

t he basea%stnaw aHbyaReds ApARTIgR S&BEPF“&F ee@yza?&ﬂ Bpsettaion o
1404, ?é%aemns &0k eliS bk SEpIhG BS 1@0@%&@1@5@%@@1& the Baflrhit %ﬁ&tghaaoa@sle

of opera The ‘arrows indicaté conditions for causing a '
t ransi t bperatiin, gedB% 1608 wansnatstbeagesisignols §606.0hut ieesans dragsrait piet signals. ve
node of operation 1402 to the base station transmt standby node of

operation 1404 can be a response to: a detected period of inactivi ty

1406, sche@oiio)g Difgeaab0D{1IubER8s that WAL AI 1608 hadasered tiat deliror @sadzered on in

change 5| gnal 1409, a detected transition of_ at |east gne wirele
t er m nathe cell and has received the beacon signal 1606. The WT 1608 identifies BS A 1604 from

recovered beacon signal information and recognizes that the BS 1604 is in transmit standby

mode, e.g., from a lack of pilot signals.

[00117] Diagram 1605 illustrates that the WT 1608 sends a wake-up signal 1610 to BS A
1604, Wake-up signal 1610 is implemented for easy detection without the need for precise
timing synchronization, e.g., a relatively high power signal at a known location in the uplink |
timing and frequency structure with a duration of two OFDM symbol transmission time
intervals. In some embodiments, wake-up signal 1610 is implemented for easy detection

without the need for any timing synchronization between the WT 1608 and the BS 1604, e.g.,
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froman active to a sleep state 1410, e.g., the transition resulting
inall wr S ermnal currently registered with the pbase _station
being in é’s éﬁ%ozlﬁgss“f‘%te A.state transiti sﬁ)n fromthe Uasengpé%ﬂog 5930
Lr anai (His Ay SERRIS S e HOle FOnt RN S mPRECHAR ST TupTdrieuingd dgnes for a
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1412, a rece access sl gna erved wake-up signha
a recei wadctwnsigod tyscalyalsed 48 egistratmoevitleah Afive batesstatlvmnge  si gnal -
1420, e.g., state change request signal, or a received base station
node change signal 1422. [001151 Figure 16 is a draw ng 1600
Illustrati mftimse'ﬁi@gaﬁaﬁéovriﬁdiéaﬁeétﬁatth@base@%aﬁIthmec?@n@u%@slvmzup ,
enbodi nent " of the present invention. D agrans (1601, 1603, 1605, ,
1607, 160@al 16dAdnd angitienadHntodhe egtivistmasiesd operation, e grereaeityating thginormal

operations for exenplary cell A 1602. .. Diagram 16Q1.] | ates th
o Shgeird BERoR o QluicinE p AP A3 Siagls 30 P ik Tb0o
transn ingtAsdhn thOUED 060 RRM8ddhIYed SRNENIBR 56046k & hedctive Modd é8gperation,
node of base station operation. For this exenplary BS 1604, while

oper at i agd fhe Wid 608 has rrasmsitathabgcoptsdequsst sigipdl at4, 68, dumiagpge ebtg access
t Y ; e ' Oty .
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illustrates that the WI 1608 sendS a wake-up signal 1610 to BS A

1604. Vawmsmpicgiegnal 1610 is inplemented for easy detection without
the need for precise timng synchronization, e.g., a relatively high
power signal at a known location in the uplink timng and frequency
structure woiivja @iguad 1PR Ddratvivg GODMIsabed a po:Bion Bf s evdinplatyEOFDM uplink
intervals. In some enbodi ments, wake-up signal 1610 is inplenented |
for eas{imies ankfreqvengy strwstires Héthedase st@ronaﬁw upligk Higning prnboisferercedith
bet ween . = 30 ; : 4 : ‘o
PCT/ usz-B{‘?g%ggégigf’/’“ﬁP?{“Wﬁ%%% it resfecdto a dowhlin! !&%@%ﬁg@ﬁ. Wertical axis
cont i nuo%&l ndivates nphnlnneeaddinolujesabatpinkitoredblocdnER 1 eg., af 1ihtmmtigpous
signal . In sqonme enhodi ts, the wake- Si | .1610 has .t he,sane

char act 88t 8§Z‘§’§nﬂ aéﬁn@@éé@%re%qnﬁﬁﬁ?e't. %%3“’?}%8@ e IRAPAS ASESHn

Wi th an;aeliNg 7669806 aklire8hlad (PRAL SlonihRARRM160708! NeGRERS ilteakls e,
base station 1604 has recogni zeéd the wake-up signal 1610 and

transi t aesestlinianvad 170 can bieweedivr acasss signatsaeigonesisirajion request Jignels, agd base-

;[ Egl Bglr H:cajug? }(z:vh erlgf t%glﬁsgcesd i r 1%8(},}%1% gﬁr}]chg%gﬁé?&epgﬁaiﬁg ﬁb&?ﬁ}eibﬁ& station mode

of operation, at least some of the tone-symbols of the access interval are used for different

purposes. At least some of the signals transmitted by a WT during the access interval need not
be precisely timing synchronized with respect to the base station, while signals transmitted by a
WT during the regular uplink signaling interval 1708 typically have precise timing
synchfonization, e.g., to within a cyclic prefix duration. In some embodiments, signaling during
the access interval uses contention based segments, while signaling during the regular uplink
signaling interval uses allocated or assigned segments. The regular uplink signaling intervals
can be used for various signaling including assigned uplink traffic channel segment signaling

and uplink dedicated control channel signaling.
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i ndicates that the WI' 1608 has recogni zed that the BS 1604 is in the
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the tone-synbols of the access interval are used for different
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respect tot ase station; e si s transmtted
during ﬂ\htmg thg blase statjrni ackive mgpda bf u@-,;ratmnetonablunlé’ 080 agqsswmnynﬂsa\kesome

reci se nchronj zat i C
T ot § AmPp st Waua WoR EEBAKE il tos i s e Sookas Bk dscpuga for
uses c 05@0‘%@ deBMehRS @A SROTRBLSdicHb thet 15h@Bahbd1g wiithi ¢ a blembee gftharn * access
uplink signaling |nterval uses all ocated or assigned segnents. The

regul ar sagoianhRredndinated hy cross-batghedsshadiag 18200ty tpwssaal?qlw@@u A memper

upt i ik HER25 RHEE sHPRbT i Richlot 5 RARE o ARIEBPLANSHAR 1522 During the
PCT/ US29426/s8:38 36tivelbde tdperation) at wuﬂe@ﬁteﬂfﬁmabsh:hmgm@reg%@ with the base

| lustrating exenplary access t "I Kk
PR e P e IR R e P

St at ' on %%{én‘(seto G5 9h 0RES ?e&]c&rt' s&'ﬂﬁl anRGRE eﬁﬂ)@&'n%tst ﬂfé@'f‘rhcﬁfnﬁ?@&ﬁcts

ration, 1 n accord e Wt sone enbodi nenfs of
pr es e nt onewithe aosess Sgnenfsrte qs:emmpngnmrdcamﬂ&uplndd agdess re@s‘ﬂ:@ner equest signal.

syrbol S"ll;ggcg P&l&ﬂ%g}g gﬁg TQ?J{ rerper‘ S %ncy gnngh é14s BHANS DRk Mhditional

each to
access request signal represented with diagonal line shading 1824. The access request signaling

is transmitted at per tone power level Pac, and the WT need not be precisely timing -
synchronized with respect to the base station, e.g., timing synchronization error may be greater
than an OFDM symbol cyclic prefix duration, but is sufficiently small such that the access
request signal can be recognized by the base station and should be received at the base station

within the time constraints of the access segment.

[00122] Time frequency grid 1826 represents time frequency grid. 1802, during the base
station transmit standby mode of operation; grid 1826 includes at least one wake-up segment.
Legend 1828 indicates that tone-symbols which are a member of the wake-up segment are
represented by dotted shading 1830. During, the base station transmit standby mode of
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representi ng the uplink air link resources of one tone for one OFDM
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di agon atraﬂsnrmssusrhmiwng)f a@@ke-lipm tneseasing ghedielibpashitip mbaseistation will
transmtted one ower veI PAc, and the WI' need not be

preci se?‘ipc?ﬁsﬁtﬁwpgc%{eé"y?tglﬁt‘ HP?@a th respect to the base station,

e.g., timng synchronization error may be greater than an OFDM

synbol cyclic prefix duration, but is sufficientl such t hat
the accesd0012&)uekt soseymabodimpnts & thedgsm é@n&b’ IPH%S r%?t"&t thg rl?a%ﬁﬁﬁatmn

shoul d pe J $% gfégrgﬂnsen% sﬂ){'%&?%';fg %tc%t a%mﬂﬁﬁ%%%ﬁs{%aﬁf%&a@%%f&és@ k&minals

of the access frequen resents
time freguesct dptdctthbgp&enchust thgbadeestdmaa end/st dateroring a aoarsd eveltadndby

node of operatian,; |d 1826 | sat st _one wak

Legend ﬂwgrqnt?&'tle%t 21? Qllfgﬁ\é 8#@% %W&n‘ét“ﬁsﬁ%@gn&? g% fame
wake-u pb@a%gﬂﬁt%}xalﬁ{ge and &R 'b%&%ﬂtsi‘@ta%ﬂ%é EfnBhadatbdatBe fam v tetigeedipdder
base station ansm t st andby node of 38 WO 2007/ 035446

PCT/ uszkg@als m@ge@ecbtpéhmcttwmmod@ afjopetatier k@pmerQEMeemdtgletfé this reduced

k
}[Mri aﬁ s :J,E) T’CES 8? Isllgn?, ? 8%}[ t%%g%sra%ﬁ%ﬂto d{}glﬂll ﬁlggﬂ%ts%ﬁ' ve m)tgéa at aesdélged tp_lower

wake- Upars@aertiwitiordspeth Sd@@nalmg\mme-amvs mgdal In sbhreenibodijuenrtsya xgnreldss

1826"' represents tinme frequenc rid 1826, but_ al so
te?mmal after detecting the%ase stglttogn e.g., V?a a received geacon and desiring to wake-up the

base station sends a wake-up signal to the base station; the base station upon detecting the wake-
up signal reactivates the normal channels transitioning the base station into an active mode of
operation. In various embodiments, the wake-up signal is designed for easy detection without
the need for timing synchronization or precise timing synchronization. For example, in an
exemplary OFDM embodiment, the wake up signal can be a double symbol tone at a known
location in the uplink timing and frequency structure. In some embodiments, the wake-up signal
can be a signal communicated at a relatively high uplink transmission power level, the signal
being longer in duration than the normal modulation symbol value intended for a single OFDM

tone-symbol, and the signal being communicated in two or more consecutive OFDM symbol
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synchronization signals.

[00126] Insome embodiments, sub-step 1908 includes sub-step 1910, where the wireless
ferminal evaluates signal power levels to determine a base station mode of operation. In some
embodiments, higher signal power levels of at least some types of synchronization signals are
indicative of a full on mode of base station operation, while lower signal power levels of the
same type of synchronization signals are indicative of a reduced synchronization signaling mode
of operation, e.g., a base station sleep mode of operation. In various embodiments, the
synchronization signals include at least two types of signals and the relative power of the two

types of signals is indicative of a base station mode of operation. In some such embodiments,
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[0 129] In step 1916 the wueless terrmnal transmits a signal used to trigger the base

station to transition to a more active synchronization signaling mode of operation, e.g., transmits

a wake-up signal, an access request signal, a hand-off signal, or a state transition request signal.

[00130] In some embodiments, a signal used to trigger the base station to transition into a
more active synchronization signaling mode of operation is a wake-up signal. In some such
embodiments the characteristics of the wake-up signal are such to provide easy detection by a
base station in sleep mode. In some embodiments, the wake-up signal includes less than 5
OFDM tones. In some such embodiments, the wake-up signal uses a single OFDM tone. In

various embodiments, the wake-up signal is transmitted for a continuous period of time lasting -
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station's current mode of operation.

[00132] In some embodiments, wherein the wireless terminal is currently connected as an
active user via a wireless link to a current base station located adjacent to the base station to
which the wireless terminal seeks to wake-up and establish a user data channel, a signal used to
trigger the base station to transition into a more active synchronization mode of operation is
transmitted through the current base station as part of a handoff operation. For example, a
wireless terminal may be in a sector or cell bouﬁdary region and anticipate switching base
station points of network attachment, and thus transmit such a signal to its current point of
network attachment, and the signal may be forwarded, e.g., via the backhaul network to the base

station that needs to be woke-up. In this manner, hand-off delays may be minimized.
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acquire an active user identifier and may initiate closed loop timing synchronization.

[00136] Operation proceeds from step 1920 to step 1922, where the wireless terminal
performs closed loop timing control based on feedback signals from the base station. In some
embodiments, wherein the wireless terminal is being handed-off between two base station
network attachment points corresponding to the same cell, e.g., two sector attachment points of
the same base station or two carrier frequency attachment points corresponding to the same

sector of the same base station, some or all of the timing synchronization operations may be
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-

transition, etc. In some embodiments various features of the present invention are implemented
using modules. Such modules may be implemented using software, hgrdware or a combination
of software and hardware. Many of the above described methods or method steps can be
implemented using machine executable instructions, such as software, included in a machine
readable medium such as a memory device, e.g., RAM, floppy disk, etc. to control a machine,
e.g., general purpose computer with or without additional hardware, to implement all or 1§ortions
of the above described methods, e.g., in one or more nodes. Accordingly, among other things,

the present invention is directed to a machine-readable medium including machine executable
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e.g., general purpose conmputer with or without additional hardware,
to inplenent all or portions of the above described nethods, e.g.,
in one or nore nodes. Accordingly, anong other things, the present
invention is directed to a nachi ne-readabl e nmedi um i ncl udi ng machi ne
executable 44 WD 2007L033446 PCT/ US2006/ 035930 truchons for causing
a machine, e.g., processor and associ ated hardware, to perform one or
nore of the steps of the above-descr begMget hod(s). [00141] Numerous
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CDMA. | n vari ous EaBEHiASAsEneHschiodrieeer fisdwse saton togsnghanindga gre
not ebook conwlwsgmh%ﬁzgaaﬁklgﬁﬁmgrﬁo%@o%ﬁé}aéon( PDAs), or other

portabl e devices "I ncluding recerver/trahsmtter circuits and |logic
and/or routines, for inplenenting the nethods of the present

i nvention. - of. o .a.Wreless termnal,

t he net hod conpc:‘lsﬁ?enraah%?@?l r“g‘e“’r‘“ aoiggtg@?@tgl%%u % whi ch the
wirel ess term nalretedviagekichepniAtiestighdls bm saiduses sigteinaasdhannel is in
a reduced synchronization signaling node of operation; and when sai d
wirel ess term nal Mdp@ia ﬂ‘cétgmflﬁ?ﬂong’éﬁ?ﬂi %’ég%r%?‘&?q Brichionization gt ed
synchroni zati on signaling node of operation, transmtting a signal
used to trigger the base station to transition into a nore active
synchroni zat4-on sihgragthedoimden Siwhspen said making of e detetnhioatiawf bagddadnrthe

1, wherein Sx%&eqvegiesé/%}{%ﬁ%ﬁ?)nlsnrg%lal'éql? %ud esﬁeét%:gg%?: pno%]e'i eveFS"% terml aea

signal s from'sal ase erm nati'on bdse
on t he receibhasdststyonchodds fzmpkradion Si gnal S. 3 The nethod of claim 2,
wherein said making of said determ nation based on the

4, The method of claim 3, wherein higher signal power levels are indicative of a full

on mode of base station operation than lower signal power levels which are indicative of

a reduced synchronization signaling mode of operation.

s. The method of claim 4, wherein said synchronization signals include at least two
types of signals and wherein the relative power of the two types of signals is indicative of

the base station mode of operation.

6. The method of claim 5, wherein said at least two types of signals includes a first

type of signal which is an OFDM beacon signal and a second type of signal which is a

pilot tone signal; and |
wherein said beacon signal has a per tone power at least three times the per tone

signal power of said pilot tone signal.
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recei ved synchroni zation signals includes eval uating signal power

| evel s to determ ne a base station node of operation. 4. The nethod
of claim3, wherein higher signal power levels are indicative of a
full on node of base station operation than | ower signal power

| evel s which are indicative of a reduced synchronization signaling
node of operation. 5. The nmethod of claim4, wherein said
synchroni zati on signals include at |east two types of signals and
wherein the relative power of the two types of signals is indicative
of the base7st at TROmBMEE 0OE1a PP ! hdr&R maRing kAR J¥RIAQMLSH bade@loMtiR: received
wherein said at |east two types of signals includes a first type of
si gnal whi chsynshigrizesmsigedcBgludesgnal and a second type of signa
which is a pilot S| ; i i i :

per tone pover at“TazyPEAPRL= FREN ATRLAR FRURARGRGEN el 1BRid
said pilot tone signal. 46 7. The nethod of claim 2, wherein making
sai d determ pation based op the. recei.ved .synchroni zati.on. signals .

i ncl udes: de?érni ?% etoggfga@i7ﬂﬁvﬁﬂn ‘?Q$%Wpﬁ 6%“%FO@§%5WPgﬁP§é¥%%H“
signal s are togeeigigld. 8. The nethod of claim7, wherein the first

type of synchronization signals are pilot tone signals. 9. The

met hod of claim 7, wherein said base station is determned to be in a

reduced synghrongahi@Bd 8F AR ¥ NohdOHS2i@baRREKBE i OGN dS8 b in a reduced

determined rate is below a predetermned threshold. 10. The metho
of claim 2, sehrehizatian sgrsiliggalodasbdparaionnhggeridtderse raje &thetmy ¢ o
transition i i;ye synchroni zation signaling node of
operation isagaﬁgﬁgﬁ%ﬁhgg%ﬂél. 11. The method of claim 10, wherein
sai d wakeup signal includes less than 5 OFDM tones. 12. The net hod

of claim 11, wherein sai keup signal .is transmtted for a .
cont i nuous plaorl odﬁlffm‘ftﬁﬂ‘go%l\@@m ﬁd"’ }l?ger“ésat‘ﬁilé‘ﬁ“%h‘éecgﬁlﬁ\‘ﬂ%e? ﬁ}t?ot?as‘? station to
transm ssi onyddsiRn A6 iaQfbre adBve sTRErBRENRA s al%%i\hgae]@ﬁopmﬁbﬁlisna Wakeup
predeterm ned set of tones is uSed for sai wakeup signal. 14. The
met hod of cl4gM.13, wherein said predeternined set of tones includes
at nost

11. The method of claim 10, wherein said wakeup signal includes less than 5 OFDM
tones.
12, The method of claim 11, wherein said wakeup signal is transmitted for a

continuous period of time lasting more than one OFDM symbol transmission time period.

13. The method of claim 12, wherein a predetermined set of tones is used for said

wakeup signal.

14. The method of claim 13, wherein said predetermined set of tones includes at most
one tone.
15. The method of claim 2, wherein said signal used to trigger the base station to

transition into a more active synchronization signaling mode of operation is a wakeup

signal which is transmitted by said wireless terminal at a per tone power level that is
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one tone. 15. The method of claim2, wherein said signal used to
trigger the base station to transition into a nore active
synchroni zati on signaling node of operation is a wakeup signal which
is transmtted by said wireless termnal at a per tone power |evel
that is 47 higher than the average per tone power |evel used by the
wireless termnal to transmt wuser data. 16. The nethod of claim 15,
wherei n sai d wakeu ignal is transmtted at the highest per tone |
pover | evel kel %5" BaPYeroge s e PORERIENS U5 thed st teoa gt ORI
2, wherein sgdgshonal used to trigger the base station to
transition into a nore active synchroni zation signaling node of
operation is an access request signal, and wherein said wreless
term nal opefat esqdi . l.ow. ng. transm ssi on !
equest si g 11 TEHacdbERkoMal P sMRRdd RRRTbaRIAs Raptited ANEE R ner
synchr oni zat panomaoeveofevsi gndby sgd epeteat ieaninkhan i f the transm ssion
was to a base station in a full-on node of synchronization signaling
operation. 18. The nethod ofclaiml, wherein said wireless term nal
i s connectedDy arid heh6$6f clhinlK Wikrdn 64 6i@R4I uBEP® t8 i@k kibdkOaat &tho
adj acent to said base station; and wherein transmtting a signal used
to trigger tRNSHREANSERANBACHNS YAHHENIEILION S|ZHplN MO icoPgEaLipY és an access
synchroni zat | i | j.ng nmode of operation includes transnmitting
sai d signal ﬂegﬁsgﬂglﬂ@’s@?d current base station as part of a handoff
operation. 19. Theherehkad vafelesk airmirz) opsnaeediffesail gl fodiomeh gsan stessminrdlthe
is al ready reaqi sterec{ W tQ. tsati d base sta&i ogﬁandt.sai d w,rel ess
termnal is IHR "EUEE S GABLE TrrASRIRON O fhe BasE CRURDINE TP ess
term nal doegnaabnitittnshbde dfSRInalhdd Gieraidd tNUAGT @i Braféhdsish gRAato AisRe sth®on
trigger the base station to transition into a nore active
synchr oni zat P'3riu4iogmaded syrsaeonimtion ggad ingwpestign.st at e transition
request signal. 20. Awreless termnal for conmunicating with a base
station which supports a reduced synchronization signaling node of
operation and.a fileimaghodyfintdimohivwhatdinsnidwitelessabrngpdriatirorgted hea wireless
wi rel ess term,nal comni sing; transmtter: . a se station node
determ nati &ﬂl‘kﬁg&& € (;;rase & 'eornﬁlo%altengadi’afcensta? geu@g%sg SE’?'QP’i%‘H is

wherein transmitting a signal used to trigger the base station to transition into a

more active synchronization signaling mode of operation includes transmitting said signal

through said current base station as part of a handoff operation.

19. The method of claim 2, wherein said wireless terminal is already registered with
said base station and said wireless terminal is in a sleep mode of operation in which said
wireless terminal does not transmit user data; and

wherein said signal used to trigger the base station to transition into a more active

synchronization signaling mode of operation is a state transition request signal.

20. A wireless terminal for communicating with a base station which supports a
reduced synchronization signaling mode of operation and a full on synchronization mode
of operation, the wireless terminal comprising:

a transmitter;
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operating in said reduced synchronization signaling node of

operation; and a wakeup signal nodule, coupled to said base station
node determ nation nodule, for controlling said transmtter to
transmt a signal used to trigger the base station to transition
into a nore active synchronization signaling node of operation. 21
The wireless termnal of claim20, further conprising: a receiver for
recei ving synchron zatlon signals fromsaid base statjon

wherei n sai d base® S5fPHA" MsEe ﬁmp%ﬁ%é??dg'ﬂ? ﬁbg?}Fr@‘ngd’%%aécggase station is
received sygeiRRIig il %ugécgmaﬁoﬁ@ateovlashgﬂﬁhﬁg Abdd SBSHerR08; Hd 1)
synchroni zation signal power l'evels and ii) a rate of at 1 east some
synchroni zati on sd yalug signgl magide, goyplpdipssaj m ﬁ@tllorld‘ﬁod:q dgitgymiriation module,
wherein said I

Fol at i v povsy oy Gah Al RAREE SRR R B Akt inafn o
relative pommmwnbevmbammheaunheasﬁwMWnn@n&ﬁ@ammganqnmmpehﬂbecelved
synchroni zati on signals. 23. The wireless termnal of claim 21,
wherein said at least two different types of received

synchroni zat2ion sTigNRirdeRt@nihdl OF claPineo, Shghal.smpngn &FDM beacon
signals. 24. The mnreless termnal of claim2l, wherein said base
station node det e¥isFeiuerifnrecqiasEchipnzsaen pigealsTes salddusestaion pesh
mode deci si on nDCUlelle‘? lflgﬁld%%eebrtemoﬂ'n%e {%rlﬁﬁqg n %d@é‘gﬁocéés@é fegé]
operation based on the relative pomer svel of at least t ??erent
synchroni zat syochrsmlgattain§1gn2'& to Wﬂéuam nrtdlbass snet @rinsymalhrooizatidredignal power levels
wher ei n sai d hase ﬁyagi rm_nation ,nodul e determ nes the
node of base™ t“ztair%ﬁ 05 ple P%ﬁt F%ﬂe ng@angﬁthrh%gr}agt e of at |east one

type of synchroni zation signal; and wherein sald base statlon node
determ nati on nodul e |ncludes a rate anal ysis

di sti ngui shidty bethReUFEIFss Eamiisd o5 aiRNh? bvhiessin %ﬂﬁd E?SS ﬁ%’i‘F‘O‘? ﬁ’toé§ determination
correspondi ngod®e indivkifer ent nodes of base station operation. 49 26.
The wireless termnal of claim25, wherein said synchronization
signals are pilota reltabmapwgdweédeth?mn#\lqmm@lU&@ d@fzrmmnlag thieorelative power
conmmuni cat i at i

synchroni za’p ?‘g\# éﬁ%%ﬁgat Re dsftfe em?¥p Ko OeFee‘{f" W%CPSDYHCE Omzfl ‘?W Sl%‘ﬁ?s
synchroni zati on node of operatlon the wireless term nal conprising:

means for transmtti na
% ”Ilhe V\lf’}geless erm&nai of claim 21, wherein said at least two different types of

received synchronization signals are pilot tone signals and OFDM beacon signals.

24. The wireless terminal of claim 21, wherein said base station mode determination
module further includes a base station mode decision module for determining the mode
of base station operation based on the relative power level of at least two different

synchronization signals.

25. The wireless terminal of claim 21, wherein said base station mode determination
module determines the mode of base station operation based on the rate of at least one
type of synchronization signal; and

wherein said base station mode determination module includes a rate analysis
module for distinguishing between received synchronization signal rates corresponding to

different modes of base station operation.
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means for determning if said base station is operating in said
reduced synchronization signaling node of operation; and neans for
controlling said neans for transmtting to transmt a signal used to
trigger the base station to transition into a nore active
synchroni zati on signaling node of operation when said neans for
determ ning that said base station is operating in said reduced
synchroni zati on node of operation. 28. The wireless termnal of claim
27, further conprising: nmeans for receiving synchronization signals
from said basg st 3’@1’3 W\veh @Qrm%f@f’cnaﬁle%d?vﬂgr@ﬂssa dosrgpgrﬁ&’ﬁ&mow sﬁ'gg)als are pllot
processes recelved synchroni zation signals uate at | east

of i) synchr ¢oriesagnialsn si gnal power levels and ii) a rate of at Ieast
some synchroni zation signals. 29. The wireless term nal of claim 28,
wherein said nmeans for determning includes: neans for determ ning
the relative2powen wiesedssedfingtfol @asturtiosingiwithertasd sthydeshioh supports a
recei ved synchronjzation signals. 30. The wireless termnal of cla

28, wherein S&ugehpynrlygaizatioisignaling mede ot JRseasiogmand ﬁéléé%@ﬂwhromzatlon mode

synchroni zat i,p e';:gltgﬂa{hg v@Fe@es@'térMnai eeprsignal s and OFDM beacon
signals. 31. The wireless termnal of claim28, wherein said nmeans

for determ ning |ﬁw@aﬂhrﬁba@éﬂggawmdm is operating in said reduced

SynChr oni zation Sl‘l’% ]ppg t%ﬂﬁmg%samasé g[gfltl()bll] lg%BergEn n Sai% reduce

determ ning the ase station opera on Tt he re?ative
power 50 IevﬁkhmmmanmiagsmH@mmxﬂkﬁbﬁﬂamnnamﬂchronlzatlon si gnal s.

32. A conputer readabue medi ym i ncl udi ng machi ne execut abl e
i nstructions, for TG&E 1of prirofiingspidducang %trrﬁ‘&?'“‘tt{r}géoé@ﬁifﬁ‘férs‘gf‘%léﬁ%fb Oe

medi um conpr trfgBthe baktstdiohit®Rensih iFRUShHY aEth\‘f‘e %éﬁbﬁ§§notn%réﬁlanﬁé mb& of
determne if a base station to which the wireleSs termnal 1s

seeki ng to e8PuBIdNekhen saiklepcanafer derpaningls that seidl hase eatinneid operating in said
synchronlzatkg0“§|gﬂgﬁbmngRQQXQQfggg&ﬁ5{on and instructions for

causing the wreleSs termnal to transmt a signal used to trigger
t he base station to transition into a nore active synchroni zation

That sald bace ot MY BRCRe PRt AEREta” AyREeESRISEE on i gnal ing

t hat said baSe stati
node of oper ati onme@S forflaeeiciapBUicAFoniAB6REL el SBGIh U WasCI M IR, 32
wherein the conputer readable nediumfurther conprises:
wherein said means for determining processes received synchronization signals to
evaluate at least one of i) synchronization signal power levels and ii) a rate of at least

some synchronization signals.

29. The wireless terminal of claim 28, wherein said means for determining includes:
means for determining the relative power levels of at least two different types of

received synchronization signals.

30. The wireless terminal of claim 28, wherein said at least two different types of

received synchronization signals are pilot tone signals and OFDM beacon signals.
31. The wireless terminal of claim 28, wherein said means for determining if said
base station is operating in said reduced synchronization signaling mode farther includes

means for determining the mode of base station operation based on the relative power
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i nstructions for causing the wireless termnal to receive

synchroni zation signals fromsaid base station; and instructions for
causing the wireless termnal to nmake said determ nati on based on

t he received synchronization signals. 34. The conputer readable
medi um of claim 33, wherein the instructions for causing the
wireless termnal to nake said determ nati on based on the received
synchroni zati on nal s Ggﬁludes I nstructions for causing the

i
wirel ess ter rlﬁvﬁh?fs*tt PSR FR L SYRLIOHERNGR S18&el s to determine a

base station node of operation. 51

32. A computer readable medium including machine executable instructions, for use
in a wireless terminal, the computer readable medium comprising:

instructions for causing the wireless terminal to determine if a base station to
which the wireless terminal is seeking to establish a user data channel is in a reduced
synchronization signaling mode of operation; and

instructions for causing the wireless terminal to transmit a signal used to trigger
the base station to transition into a more active synchronization signaling mode of
operation, when said wireless terminal determines that said base station is in a reduced

synchronization signaling mode of operation.

33. The computer readable medium of claim 32, wherein the computer readable
medium further comprises:

instructions for causing the wireless terminal to receive synchronization signals
from said base station; and

instructions for causing the wireless terminal to make said determination based on

the received synchronization signals.

34. The computer readable medium of claim 33, wherein the instructions for causing
the wireless terminal to make said determination based on the received synchronization
signals includes instructions for causing the wireless terminal to evaluate signal power

levels to determine a base station mode of operation.
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