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More particularly, the present invention relates to a novel method for
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spectral capabilities. Il. Description of the Related Art In a code
division multiple access (CDVA) spread spectrum conmuni cation system a
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15 such a system is described in the TIA/EIA Interim Standard IS-95-A entitled
“Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System”, incorporated herein by
reference. The generation and receipt of CDMA signals is disclosed in U.S.
Patent No. 4,901,307 entitled “SPREAD SPECTRUM MULTIPLE ACCESS

20 COMMUNICATION SYSTEMS USING SATELLITE OR TERRESTRIAL
REPEATERS” and in U.S. Patent No. 5,103,459 entitled “SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM” both of which are assigned to the assignees of the
present invention and incorporated herein by reference.

25 Signals occupying the common frequency band are discriminated at
the receiving station through the spread spectrum CDMA waveform
properties based on the use of a high rate pseudonoise (PN) code. A PN code
is used to modulate signals transmitted from the base stations and the
remote stations. Signals from different base stations can be separately

30 received at the receiving station by discrimination of the unique time offset
that is introduced in the PN codes assigned to each base station. The high

rate PN modulation also allows the receiving station to receive a signal
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t he sane fre Band as fhe current system an
and system for simultaneous’ communication between a remote

15 station and more than one base station, known as soft handoff.  Further
information concerning handoff is disclosed in U.S. Patent No. 5,101,501,
entitled “METHOD AND SYSTEM FOR PROVIDING A SOFT HANDOFF
IN COMMUNICATIONS IN A CDMA CELLULAR TELEPHONE SYSTEM”,
U.S. Patent No. 5,640,414, entitled “MOBILE STATION ASSISTED SOFT

20 HANDOFF IN A CDMA CELLULAR COMMUNICATIONS SYSTEM”, and
US. Patent No. 5,625,876 entitled “METHOD AND APPARATUS FOR
PERFORMING HANDOFF BETWEEN SECTORS OF A COMMON BASE
STATION,” each of which is assigned to the assignee of the present
invention and incorporated in its entirety herein by this reference. The

25  subject matter of U.S. Patent No. 5,625,876 concerns what is known in the art
as “softer handoff.” For the purposes of this document, the term “soft
handoff” is intended to include both “soft handoff” and “softer handoff.”

If a remote station travels outside the boundary of the system with
which it is currently communicating, it is desirable to maintain the

30 communication link by transferring the call to a neighboring system, if one
exists. The neighboring system may use any wireless technology, examples
of which are CDMA, NAMPS, AMPS, TDMA or FDMA. If the neighboring



i nter-systemsoft handoff can be perforned. In situations where inter-
system soft handoff is not available, the comunication link is transferred
t hrough avonar/esandof f where the current connection is brpkBWSHIEfeTE a 5
new one is nade. Exanples of hard handoffs are those froma CDVA systemto
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handoff). Inter-frequency hard handoffs @an al so occur within a CDVA
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15 travels to a less congested area. Another example is that of a microwave or
other service operating on a frequency within the system’s boundaries. As
users travel into an area suffering from interference from the other service,
their call may need to be handed off to a different frequency.
Handoffs can be initiated using a variety of techniques. Handoff
20 techniques, including those using signal quality measurements to initiate
handoff, are found in copending U.S. Patent Application number 08/322,817
entitled “METHOD AND APPARATUS FOR HANDOFF BETWEEN
DIFFERENT CELLULAR COMMUNICATIONS SYSTEMS”, filed October 16,
1994, assigned to the assignee of the present invention and incorporated
25 herein by reference. Further disclosure on handoffs, including
measurement of round-trip signal delay to initiate handoff, is disclosed in
copending U.S. Patent Application number 08/652,742 entitled “METHOD
AND APPARATUS FOR HARD HANDOFF IN A CDMA SYSTEM”, filed
May 22, 1996, assigned to the assignee of the present invention and
30 incorporated herein by reference. Handoffs from CDMA systems to alternate
technology systems are disclosed in copending U.S. Patent Application
number 08/413306 (‘306 application) entitled “METHOD AND
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station (known as the Active Set) are not necessarily known.

The cdma2000 cellular telephone . standard proposal issued by the
Telecommunications Industry Association (TIA), entitled “cdma2000 Series
TIA/EIA /IS-2000,” published in August of 1999, hereinafter referred to as

20 cdma2000, uses advanced signal processing techniques to provide efficient
and high quality phone service, and is incorporated herein by reference. For
example, a cdma2000 compliant cellular telephone system utilizes decoding,
error detection, forward error correction (FEC), interleaving, and spread
spectrum modulation in order to make more efficient use of the available

25 radio frequency (RF) bandwidth, and to provide robust connections. In
general, the benefits provided by cdma2000 include longer talk time and
fewer dropped calls when compared to other types of cellular telephone
systems.

In the world of cellular telecommunications, those skilled in the art

30 often use the terms 1G, 2G, and 3G. The terms refer to the generation of the
cellular technology used. 1G refers to the first generation, 2G to the second

generation, and 3G to the third generation. 1G is used to refer to the analog



5 phone system known as an AMPS (Advanced Mbil e Phone Service) phone
systens. 2Gis comonly used to refer to the digital cellular systens that
are prewadentssshr oughout the world, and include cdmaOne, PA/mbal118¥0st em f or
5 Mobil e conmuni cations (GSM, and Tinme Division Miltiple Access (TDWA).
cdmaOne, based on a Code Division Miltiple Access (CDVMA) technol ogy,
refers to a digital cellular systemthat;adheres to the famly of IS- 95
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15 - Spreading Rate 3 versions of cdma2000, hereinafter referred to as 3X,

use a frequency band of 3.75 megahertz (MHz), comprised of three 1.25 MHz
chunks, while the Spreading Rate 1 versions of c¢mda2000, hereinafter
referred to as 1X, uses a frequency band having a width of 1.25 MHz.
Wherein 1Xis a single carrier protocol, 3X is a multi-carrier protocol. As
20  would be known to one skilled in the art, a single carrier protocol transmits
data in a single frequency band, while a multi-carrier protocol, transmits
data in multiple [single carrier] frequency bands. For instance, whereas 1X
transmits data in a single 1.25 MHz frequency bands, 3X transmits data in
three 1.25 MHz frequency bands. The modulation techniques performed by
25 multi-carrier systems, hereinafter referred to as a multi-carrier modulation
techniques, differ from those performed by single carrier systems,
hereinafter referred to as single carrier modulation techniques. Although
the examples of 1X and 3X are used as single carrier and multi-carrier
protocols respectively, the invention is not limited to 1X and 3X protocols,
30 and applies equally well to any system that is comprised of both single

carrier and multi-carrier base stations, such as may be the case in future
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such an embodiment. A block diagram of an exemplary hybrid system is
shown in FIG. 1.

FIG. 1 is a block diagram of an exemplary simplified cellular

telephone system that uses multi-carrier transmission on the forward link

20 and single carrier transmissions on the reverse link, wherein a 3X protocol

is used on the forward link and a 1X protocol is used on the reverse link.

Remote stations such as remote stations 110 (typically cellular telephones,

personal digital assistants (PDAs) with wireless capabilities, or laptop

computers with wireless capabilities) are located among base stations 120.

25 The remote stations 110a and 110b are in an active mode and are therefore

interfacing with at least one base station 120 using radio frequency (RF)

signals modulated in accordance with the CDMA signal processing

techniques. A system and method for modulating RF signals in accordance

with CDMA modulation is described in U.S. Patent No. 5,103459 entitled

30 "System and Method for Generating Signal Waveforms in a CDMA Cellular

Telephone System" assigned to the assignee of the present invention and

previously incorporated herein by reference. The other remote stations 110



WO 01/ 78440 PCT/US01/11370 7 are in standby node and are therefore
nmonitoring either a full paging channel for page nessages indicating a
request toooDmsIMNi cate, or they are nonitoring a quick pegi/mgoichamnel for
indicator bits indicating whether a nessage is expected on a full paging
channel . 5 Each given base station 120 that is in active node with at | east
one renpte station 110 transmts data to renote stations 110 across three
frequency bands f1, f2, f3, and receives data fromrenote stations 110 in a

single frequency band f4. 'Each,frequency hand f.1..f2, 4 th
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15 frequency range. For example, f4 could be located at 1820MHz - 1821.25
MHz.
Base stations 120 connect to a Base Station Controller (BSC) 114. Base
Station Controller 114 controls base stations 120, and exchanges information
packets between Mobile Switching Center (MSC) 116 and base stations 120.
20 Mobile Switching Center 116 exchanges information packets between Public
Switched Telephone Network 118. In other embodiments, different
switches, such as a packet data serving node (PDSN), can be connected to the
system. A cellular telephone system can contain more than one Base
Station Controller 114 and more than one Mobile Switching Center 116, or
25  conversely, in decentralized systems, such as those disclosed in U.S. Patent
Application ~ Serial ~ No.  ‘09/158,047,  entitled “DISTRIBUTED
INFRASTRUCTURE FOR WIRELESS DATA COMMUNICATIONS”,
assigned to the assignee of the present invention, and incorporated by
reference herein, Base Station Controller 114 or Mobile Switching Center 116
30 may be absent from the cellular telephone system.
FIG. 2 is a block diagram of an exemplary simplified cellular

telephone system that uses single carrier transmissions on the forward link



t el ephone systemthat uses single carrier transm ssions on the forward |ink
WO 01/ 78440 PCT/ US01/11370 8 and single carrier transm ssions on the
reverse IWokl/742emot e stations such as renpte stations 21BCTUg@iaatol y
cellular tel ephones) are | ocated anbng base stations 220. The renote
stations 210a and 210b are in an active node and are therefore interfacing
with at | east one base station 220 using radio 5 frequency (RF) signals
nodul ated i n accordance with the CDVA signal processing techniques. The

ot her rendLRqSdi Feoéhi'rl%;(irﬁ{s?msglo%%a@ﬁ Bke rPé@@rseal'?ﬁk argerhBe! 8fds"™ORéH Or i ng

either a full paging channel for page nessages 1ndicating a request to
conmmuni cat @s remoté etatiomes Zﬁih(typrcaﬂg callqlﬂrcﬂequpi:g)rmg) achdocetbd famongldxasat or

bi t d t f.ul | .
Ehen o von s BB [ Fhe Softln atstitny FBEERG21NB e it o atyBadedd At
remote stapjo rth@f'e%ré rlﬁ?eﬁ‘%ctlﬁ%d@;l& tf reagioto%es hatd QRsticd 2R h@ﬁx} araai&gl e

frequency band fl, and receives data fromrenote stations 21 a single
frequenzy lfqueﬁ@y (Eﬂ) mlgnelqummiulb’wah if 1l aaruatdaechavight tee SGDdAasigwalit h.

15 Frequency bands f1, and f2 of f se predefined anmoynt. 1f an

ot ot BofRa g e B ey dTRe qHBermpte PASGRBIEL) B £Sou T gnode

1901. 25 M"énd%ﬂ@%h@?ef@?é‘h@brﬁ?or’i %{tﬁgr at fidBRAQ MEriel 182180 messibkés Base
oFl &

stations 220 connect to a Base ati on Cont I 114. Bas Stati o

Control | er iﬂdiaaﬁmg\arr@qgeﬁat@ecmanmmnatezm t}ayohrembangemg af quinka tpiaging 20
packets between b|| t.chi ng,.Cent er and base stations ,220. ile
Swi t chi ng EBAE iéﬂ@%&% b i b e Ao s e oped ot & Bl t ched
Tel ephege gggﬂ% In ot her enbodi ments, different swtches, such as a
packet dat i ng node (PDSN), can be connected to the system A
cellular tel ephEaehgy‘sererhae@ﬁtatm aR0 thet & ithactivrerBasewith 8t éeasorone

Control ler_114 h Mobi | e Swi t Cant 600 L0
conver sel yFPHIOAERTR a0 S B E AR o FEO ORI S0P ReEss  tingle

Pat ent Apﬂ!eggéﬁé(gﬂbaﬁﬁr f1a |anHOreceR/%/slé§taoﬂ'5m 9BHidté eﬁatl&'lssﬂ_ﬂ) BIHTEDsm
| NFRASTRUCTU RELESS DATA COMVUNI CATI ONS',  applied f ﬁ

appl i cant &fequarcypbasd 2. Eaudefmquanqahmd tﬁl:@ndcfﬂahaem the Samedﬁ

her ei " Ba%?eqsée%[cyoﬂar%sn%{ %lnlde b Lt B ol}llpsejc lb%f asvin)rteglehngd Caenni%%glt 11§f an
amount of 80 MHz is used, and fl is at the frequency band 1900 MHz -

1901.25 MHz, then f2 could be located at 1820.00 MHz - 1821.80 25 MHz.
Base stations 220 connect to a Base Station Controller 114. Base
Station Controller 114 controls base stations 220, and exchanges information
20  packets between Mobile Switching Center 116 and base stations 220. Mobile
Switching Center 116 exchanges information packets between Public
Switched Telephone Network 118. In other embodiments, different
switches, such as a packet data serving node (PDSN), can be connected to the
system. A cellular telephone system can contain more than one Base
25  Station Controller 114 and more than one Mobile Switching Center 116, or
conversely, in decentralized systems, such as those disclosed in U.S. Patent
Application Serial No. ‘09/158,047, entitled “DISTRIBUTED
INFRASTRUCTURE FOR WIRELESS DATA COMMUNICATIONS”,
applied for by the applicant of the present invention, and incorporated by
30 reference herein, Base Station Controller 114 or Mobile Switching Center 116
may be absent from the cellular telephone system as separate entities, but

rather may be integrated into the base stations themselves.



may be absent fromthe cellular tel ephone system as separate entities, but
rather may be integrated into the base stations thensel ves. WO 01/ 78440
PCT/ USO1MQ87®44® FIG 3 is a block diagram of an exenpl apgr/&sompi1sfoi ed
cellular telephone systemthat uses nmulti-carrier transm ssions on the
forward link and multi-carrier transm ssions on the reverse |link. Renote
stations such as renote stations 310 (typically cellular telephones) are

| ocat ed anbng base 5 stations 320. The renpte stations 310a and 310b are in

an active node @nd. Arig LheI&HOrdEakiRS Bacaﬂge%%glafy | @asflifREe RARfar
station 320 using radio frequency (RF) signals nbdufated’in accordance
wi th the CbNephogesystepndbak upergntdtibearjge dramveissionesr ondimet ferwand ilods 310

in stangd d d t her ef i tori i full '
channel 1 o AgE e e S TB T RGP Ba A S LT e o RS FEoEE 9 hey
are noni t ohk REMBdLE de%ibr@aﬂimgyg%ﬁgfi][t@llufﬁrtéléﬂ{&%s? farBilb&atbd Gnsdid Base

whet her _a nessage is expecte 2" full  pagi'ng channel . Each given base
st at i ond 326tatieas 329. i Fhagemede ravatéons Bhaand Sd8b as@én arepotive shade amd10,

transmts datag,to .renot §tations 3183 cross three 5 frequency bands, f1,
f2. 13 antrd SRETIRRE dateradinm Fabi LAk oBs P35 SRR I FaHE MagiRncy
bands f4, tequbRey FRE a:ﬁggﬂ?eﬁﬁ%ﬁzlﬂéf@ fi, afdrdhrce Whith the fEDNER éi%gal same

bandwi dt h. Frequency I 1, ,.and f3 are adjacent frequency nds.
For i nst anpegcassingrtechsigesnpllee othetheemyte sthtiopst 8 ez in atildylnvede t he

frequency band 1900 - 1901.25 t f2 wouyld b 901. 25 MHz 20 -
19035 M SRR A R £, 2. eDBa sty AN JO PHs® Jop RhER
frequergy bafidstih@kaelfesthR EROGANMEIREIAD Mde arekBORitboindHa drqﬂclfa ?ag;ing
exanpl e. Likew se, frequency bands f4, f5, and f6 are adjacent t ne

anot her . Fegreldgr badigetdn bishindidating veetber semebsage isrexpetiedeeh anfodht . | f
an anount qf 80 I\glz ieﬁ used, and f1 begins at the frequency 1900 MHz, then
25 rever sePPPHlE b f4, f5, 6, could take up the 3.75 MHz spectrum

| ocated bet weeBadi$ 3dvddibase b8Aibn! 320MRat A i QlediveamGAe’ Wath a0Ybdbt Ungs ade
its entire network froma si ngl e carrier systemto a mul ti-carrier system

al | at onctemptf sstagonf 8th tratewmitsatslaga ton reingtte efationst $10 Exwnssnitbagd y, it
may belém r ?regﬁgﬂéf a!u%\dg,qu, &, (fgl,rarrlx Eecte(i)v su;[iata from remote stations 310 across
three frequency bands f4, 5, f6. Each frequency band {1, £2, {3, {4, {5, f6 has the
same bandwidth. Frequency bands fl, f2, and f3 are adjacent frequency
bands. For instance, if in the example of the hybrid system each band f1 was
the frequency band 1900 MHz — 1901.25 MHz, then {2 would be 1901.25 MHz
20 -1902.5 MHz, and 3 would be 1902.5 MHz — 1903.75 MHz. Thus the adjacent
frequency bands take up the spectrum 1900 MHz ~ 1903.75 MHz in this
example. Likewise, frequency bands f4, {5, and f6 are adjacent to one
another. Frequency bands fl and f4 can be offset by a predefined amount. If
an amount of 80 MHz is used, and f1 begins at the frequency 1900 MHz, then
25 reverse link bands f4, 5, f6, could take up the 3.75 MHz spectrum located
between 1820 MHz - 1823.75 MHz.

Although a carrier could upgrade its entire network from a single
carrier system to a multi-carrier system all at once, this is often undesirable
in light of costs. Economically, it may be more desirable for a carrier to put

30  multi-carrier capabilities in a few areas of their network that will benefit the
most from multi-carrier capabilities, and then slowly roll out multi-carrier

capabilities into other areas of its network over time. During such a gradual



30 nulti-carrier capabilities in a few areas of their network that wll
benefit the nost fromnulti-carrier capabilities, and then slowy roll out
mul ti - cawoetr/784g¢mpabi lities into other areas of its netwoPkT/os@riisione.
During such a gradual WO 01/78440 PCT/US01/11370 10 rollout, sone of the
base stations in the systemw || be nulti-carrier protocol conpliant while
others will not. Likew se, sonme carrierggmay find it desirable to upgrade
a portion of its network to support a mJPti-carrier protocol, without

havi ng t he rbib@ftsophe 6F Bie BRG AdiiBAs iHehd SPREM WAl bo RONGIQRiOf girbﬁoca?t wor K
to a nulti-carrier protocol. Wat is needed is a nethod and apparatus for

per f or m ng coamdftt iwhiley olheed g8l twdte c drikawissat $ane sgatiens timay ot di ns
digital basg stations sqme. of _whi ch. conpl ith a multi-carrier pr.otocol
and some ofdee\m?ﬁ? g? ¥P%8§3®P9Ft18%r 2 étrsnlg%%b%aﬁ?:sﬁl??%@w?\ﬂﬂ?hﬁga =
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tel ecommunications systemthat includes a plurality of base stations of

di fferi hg Postonaf itapebioik fees mualittcarrigr prakoao). of renpte stations capabl e
of transmttin ata to . receivi transm ssipns fromthe . plyraljty of
base stations. g%I[ﬂ@% ]rsn’i}%‘ﬁfqrag]ﬁ ang}eébﬂg%ngv?}a%gaiu th%Ff?HPH}?ePgPaO?ﬂ&ti on
hand- of f RQeiwresssbasecshatiRRatioh %gé‘t@fﬁ aQnar &Resinsaldisidnaphdey spitbRase
stations of a 20 wi der spectral capaCity. A nmethod is ovided for a

wirel ess semecehwihidhe goimply withraagtultietaurier tprot@aﬂlla‘ncgsm ofewbich stat i on
hand-of f ~ froma,set of sin Ileggarri er conpliant base stations to at |east
one nul ti- " FP%FC@E)WE)W FARPe station while a remote station is in the
coverage area of both types of base stations. 25 In one enbodi nent the
handoff is enabled by transmtting a nessage to a renote station that

i ndi cates that the renot SEMMARYHOH THEANVIENTION at ed signal s
according to a single carrier protocol (e.g., 1X) and should receive

nmodul ated signals according to a nulti-carri er@i)rot ocol . In another.
enbodi nent, the Thenptpresandt | dnventiomst iuctdidedted t rtansmi t digigalnoavikeless 30

ts ihgnal 350 télrelgor%%"tn&n{ca?l%%gms:ystgr%n 9P MB35 e ;];I%E‘altltryarc])? n%assséi gtre]itigais 05t L0
differing spectral capabilities, and a plurality of remote stations capable of
transmitting data to and receiving transmissions from the plurality of base
-stations. The invention herein provides a method for remote station hand-
off between base stations of a narrower spectral capacity and base stations of a

20 wider spectral capacity. @A method is provided for a wireless
telecommunications infrastructure to facilitate a remote station hand-off
from a set of single carrier compliant base stations to at least one multi-
carrier compliant base station while a remote station is in the coverage area
of both types of base stations.

25 In one embodiment the handoff is enabled by transmitting a message
to a remote station that indicates that the remote station should transmit
modulated signals according to a single carrier protocol (e.g., 1X) and should
receive modulated signals according to a multi~carrier protocol. In another.
embodiment, the remote station is instructed to transmit the modulated

30  signals in the same frequency band as was used for transmission prior to the
handoff. In another embodiment, the remote station is instructed to
transmit the modulated signals in a different frequency band than was used

for transmission prior to the handoff. In another embodiment the single



handoff. I n another enbodi nent, the renote station is instructed to
transmt the nodul ated signals in a different frequency band than was used
for transmosesvsam prior to the handoff. In anot her enbodi neat/uséuer1siongl e WO
01/ 78440 PCT/US01/ 11370 11 carrier conpliant base stations transmt in the
single carrier frequency a portion of the signal that is generated in
accordance with the nulti-carrier protegol. In another enbodi nent, the
handoff is enabled by transmtting a 5 nessage to a renote station that

i ndi cates ichaferd BENFAIRY ChAeAbiafBnS N@HASit FANGHE binghé Wadtied fﬁéﬁﬂﬁk? a
I | d ted signals

according to a nulti-carrier protocol and shou recei ve nodul

accordi ng tportionudit thecsignakthgiristgsnetated inaacondanenbith eatmutiheaheadof f
is enabled by, transmtting a nmessage to a renote station that indicates
that the ré’r'fét%co tation should 10 transmit nodul ated signals according to

a single carriennpsbiped! eaBEdsReHt, di{e tRNYS{HMeE WnabRel P ﬂ%h§rr&ﬁﬁ%i‘ ding to
a single carrier protocol. In this enbodinent, the renote stationis
i nst r uched nné¢rsage tto shoemndte statiore thahipdicatearthat theodnateestasiogpnahguid om at

| t [ ti-. i | i t b tati . 15. 1 f
eroodi wan Sarisrif Bidd b0 BnaRRocBRR e 81 necatBiek Tolioo1 ind Hawid,,
por f or m g «acdi s dla Nl ddendingolo @imli Eltick HrBRICERY Tod i | o The

renote station is in the coverage of both types of base stations, and the
second of whi chlacanetbhenhembodimerhothe daadodhis eaablesl by transeding et i s

ly inth fomlti- ier. li gt tations. 20 Th
emte st alhERHEr g STBLE clafiEhithanir RS, et 58 deRq En AreBn AR MES
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The invention herein also provides renbte stalion apparatus, base station
appar at us, reeeivbavedsdatedosigoels apstardingapp e singef earriperprotodohg Ihghips
above-descriq§d

shove- destrbeg s hodel OBt BOUEE, PESCLET O £ NS BT T e
nore appar egfriér etBdllatedlsaidad fesCht NEARNoR@mili-hrid@ @onWigiht base
station.

15 In many of the embodiments, a means to avoid reverse link
interference is achieved by performing a two part handoff, the first of which
is performed while the remote station is in the coverage of both types of base
stations, and the second of which occurs when the remote station travels to
an area that is only in the coverage of multi-carrier compliant base stations.

20 The remote station adjusts its transmit and receive modulation
techniques in accordance with the received handoff messages of the above
embodiments.

The invention herein also provides remote station apparatus, base
station apparatus, and base station controller apparatus for performing the

25 above-described methodology.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
30 become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

identify like features correspondingly throughout:



taken in conjunction wth the drawings in which |ike reference characters
identify |like features correspondi ngly throughout: WO 01/ 78440

PCT/ USOIMIQ8U®B44@2 FIG 1 is a block diagram of an exenpl reyusowmaBiof i ed
cellular telephone systemthat uses nmulti-carrier transm ssions on the
forward link and single carrier transm ssions on the reverse |link, wherein
a 3X protocol is used on the forward |jnk and a 1X protocol is used on the
reverse link. 5 FIG 3 is a block di agr?:n of an exenplary sinplified

cellular telep e syste hat uyses nulti-carri a 1.$:34.0Nn e
forward Iink a%gamh tP - E‘QH(?% #?%% g i%lﬁseﬁénr%@ }#erglr g\irgk) ?Z‘e?i ﬁcl?m%% 4
is a sinpl '(fiélbgﬂoﬂ@ts‘#?fe'& ¢h200868 RiulAeKerREaigmBERedi oRMthe fofwhitk lirdver age
of a spread spectrumsystemin the mdst of a hybrid _10 depl gynent o{

si ngl e car ehdrsisgleveareier troansphissionar o1 dhe geveiseekink Frdiereingf ar Rigtogo

portion of .the sinplified network di am,of .Fl , ws t he
pat h of an%%‘é*ﬁ%f’ﬁrtbe rfg%?ﬁbﬁgtqrﬁﬂa?%%qtgﬁ%l i %sgég%rgl[}?e felh‘%%enelglgvxbr k. FIG
6 is angexenpl apygdipgeam SlodheligSRRN0E akh ORx@ipharyf simplifiede nedkulat at i on
that is a nmulti-carrier handoff candi date conmuni cating wth two i'i rl(gl e
carrier baseephahe aystd@Sthatrugs muls-cartiendramsroissimse RBribe ward lin

communi cati on, path during the. handoff of a first,handoff enbodinent. FIG
8 is a di aépgﬂrﬁ’}ltlﬁr’é?’é%ﬁinﬁws%8ﬂ‘?‘rﬁﬁ'i @%?tﬁéfner%%ﬁllkduri ng the 20 handoff of

a second handof frr@maqdiangAtpliffldCnebveAb i@ HanRBS ianl esdmplargrernbotieent
spectral density and the a?ssoci ated transm ssion power that would be

utilized toftthensaveralje phfeospegacospeiremysyateraninetBapmidst of Ryyteid ri er
2108003l EGledSBaEel bt gkl AL o G PepPAEE Sddereii 250 (he
oo e b e S s SIS ) s
Zigm :w rss;;gw::, thmplaﬂerofmeotemmlplallyl ©moelh St?dmraitr%vegwg |’dn£&lt%qhqqtoﬁ%f gt ﬁg
spectr al d%rlewoyf:kgnd t he
FIG. 6 is an exemplary diagram of the communication path of a
15 remote station that is a multi-carrier handoff candidate communicating
with two single carrier base stations BS1.
FIG. 7 is a diagram of an exemplary communication path during the
handoff of a first handoff embodiment.
FIG. 8 is a diagram of an exemplary communication path during the
20 handoff of a second handoff embodiment.
FIG. 9 contains an illustration of the spectral density and the
associated transmission power that would be utilized to transmit N
information bits using an exemplary single carrier protocol.
FIG. 10a contains an illustration of the spectral density and the
25  associated transmission power that would be utilized in a first embodiment
to simultaneously transmit N information bits using an exemplary single
carrier protocol and transmit N information bits using an exemplary multi-
carrier protocol.
FIG. 10b contains an illustration of the spectral density and the
30 associated transmission power that would be utilized in a second

embodiment to simultaneously transmit N information bits using an



30 associ ated transm ssion power that would be utilized in a second

enbodi nent to sinmultaneously transmt N information bits using an WD

01/ 78440 WRea1/1800/ 11370 13 exenplary single carrier protpcDUS@md31or ansm t
N information bits using an exenplary multi-carrier protocol. FIG 11
contains an illustration of the spectral density and the associated
forward |ink transm ssion power that vvo?éd be utilized to 5 transmt N
information bits using an exenplary nulti-carrier protocol. FIG 12

contai ns apyk &h R@cé&fn \Agf’ro‘%@&ﬂta&ﬁi 1SRRIt Neiﬂﬂ)ﬁﬁ%?aoﬁso?%%éhgdan

forward link transms |onpo that would be utilized 1n a first
enbodi ment exemgilanyl traﬂiamashy:rpratumit N information bits using an

exenpl ary si ngl arrier pr.otocol trans t Ninformatjon bits, using an
10 exenpl ary rru%llé cdr P8 a‘B?o?BcbI?usqﬁté’nl i the, SEegR rEa eB?l%na%g(eﬁ‘b fary

communi cat i,géhdpakd Wd}a ik t?éz%ﬁfsfsld}ftﬁomkrﬂqa@aﬂﬂﬁfla %Ebﬁ’élhﬂ@dﬂt o, FIG

14 contains an exenplary illustration of e spectral density and

associ abed tfayswat iN linfucratans bits sistng povexentlaty \mu]tdcmlantpﬂorc(z@ﬂl to 15
transm t trans N _informtion bi to.two remote stati using, a

exenpl ary mul ti - i%r ri%e COBFIR c B EIiP Bét"ggwsi’ﬁc tEale eP %‘git t}w on.
FIG 15 is %&ﬁﬁg?éw?ﬂﬁ&rcﬁﬂnﬁxﬁﬁﬁéﬁ@él&?Wélcﬁ{a't%oﬁﬁi Be Q1ie8 ﬁ1h§ fifgandof f
of a fourth handoff enbodi nment Is a diagram of an exenpl ary
comruni cat ieoxbqatittendurto nglmhkkan@ﬁlsﬂﬁn(ﬂm‘rfsmt a fmﬂfofmh’aadofbﬁtsembm@ reemt .

FIG 17a contains an e | ar | ustr on of. nsmtte | ti- carrier
G onal | r1 Qg C o A edstiie dy shRSPRAGE hilliing Athe

mul ti-qgar I’ekgﬁgﬁ lgnﬁ{ulﬁ%\fﬁef ?,rg{&ol 17a that can be transm tted in a single
carrier 25 fr ncy band. FIG 18 is a diagram of an exenplary

communi cat i on pﬁ@ tiis avdiagram dbhan exengflayy somchuhinatiohf pettbddiringnthe FI G
19 is a di %g&%g} gh éﬁ@nfé%em%mmyﬁe%%tl on path during the handoff of a

seventh ha
FIG. 14 contains an exemplary illustration of the spectral density and

the associated forward link transmission power that would be utilized to
15 transmit transmit N information bits to two remote stations using an
exemplary multi-carrier protocol to communicate with each remote station.
FIG. 15 is a diagram of an exemplary communication path during the
handoff of a fourth handoff embodiment.
FIG. 16 is a diagram of an exemplary communication path during the
20  handoff of a fifth handoff embodiment.
FIG. 17a contains an exempléry illustration of a transmitted multi-
carrier signal.
FIG. 17b contains an exemplary illustration of a portion of the multi-
carrier signal shown in FIG. 17a that can be transmitted in a single carrier
25  frequency band.
FIG. 18 is a diagram of an exemplary communication path during the
handoff of a sixth handoff embodiment.
FIG. 19 is a diagram of an exemplary communication path during the
handoff of a seventh handoff embodiment.
30 FIG. 20 is a diagram of an exemplary communication path during the

handoff of an eighth handoff embodiment.



30 FIG 20 is a diagramof an exenplary comuni cation path during the
handoff of an ei ghth handoff enbodi nent. WO 01/ 78440 PCT/US01/11370 14
FIG 21 iwoarfd4emchart of the nethodol ogy that can be useBCT/@SoI/mpioenent
the first through the eighth handoff enbodinents. FIG 22. is an exenplary
bl ock di agram of a base station apparatus that can be used to performthe
first through the eight handoff enbodingnts. 5 FIG 23. is an exenplary

bl ock diagram of a renote station appare@tg‘us that can be used to perform

the first throu he ei ght _handoff _.epbodi ngnts,, FEl 4. 1S | ary
bl ock di agram of -bggéssf‘agPWﬁ 8t o eermgﬁﬁg%lo%gg}agt ﬁ%ﬁt}ﬂgpu%?ﬁ e
used to per/ Ng 175214 thd @i 8 and&¥f hanslediimeatthodi ment s.

DETAI LED Dé%@%%él%\}%&ﬁ%ﬁEtEER D EI\/B% I\/EN%I'nS Al t hough many of the

det ai | ed descri pFIGRe. i an dksopleydlock disigapeneka bese s@tigncaprarebss Hadt em
contai ning 1X and 3X base,statjons ne skilled.i.n th r i 4 reciate
that the i n%hg? ssed 4R H?éf%&blté‘%glrzftoﬁﬁﬂk}gﬁﬁi‘g%g}gp %q(f%f%e%%b\ys 1%1%?1252(1 i s not
limted 4o the 1 _ Ve BN ABRYMObS 4 hBmotx ast@lid Yapparatus
enbodi msénts. V\he%ﬁ(%??cﬁ%(gﬁneagesi gﬁiﬁ translm ssions in a frequenc&pr ange, the
20 phrase ' itmta chpaibiei asedr Jtof pegfeencty theinfrsti shaeegh hdhei eight rbardotly a

spread spectrum.signal that is spread across a given frequency. For
i nst ance, V\ﬁé‘ﬂ?(’@é@&?‘i"%g that a signal is transmitted in frequency band X,

wher ei n frequencyyg bands X% exefplagd basckd Beadiant of ad Babg statton Lo0rdter -
1903.75 MHz, it 1s neant that the‘transmtted Sltﬁnal is spread_across the

frequency b¢BSC) appaeadtbhat canobe TBedHo. perorny the firssthppugh cden st k
di agram of an ex | ary, enbodi ment of the coverage of a spread spectrum
syst em 1t tﬁ@nﬁi)fgggmgpéllgeﬂ rid deployment of single carrier services to
multi-carrier services. In the network diagram each circular footprint

| abel ed BS3 represents 30 a base station that is nmulti-carrier co?l i ant

and its corr BEINILHED DESCGREPTION: OFf PREFERRED EMBEOIDIMENTS
representative of the footprint of a
‘ Although many of the detailed descriptions are discussed in reference

15  to a cdma2000 system containing 1X and 3X base stations, one skilled in the
art will appreciate that the invention can be applied to any spread spectrum
system and is not limited to the 1X and 3X systems used in many of the
exemplary embodiments.

When discussing signal transmissions in a frequency range, the

20 phrase ‘in a [particular] frequency band” is used herein to refer to a spread
spectrum signal that is spread across a given frequency. For instance, when
stating that a signal is transmitted in frequency band X, wherein frequency
band X is defined as the band ranging from 1900 MHz - 1903.75 MHz, it is
meant that the transmitted signal is spread across the frequency band

25 1900MHz - 1903.75 MHz.

FIG. 4 is a simplified network diagram of an exemplary embodiment
of the coverage of a spread spectrum system in the midst of a hybrid
deployment of single carrier services to multi-carrier services.

In the network diagram, each circular footprint labeled BS3 represents

30 a base station that is multi-carrier compliant and its corresponding
coverage/footprint. Each circle, itself, is representative of the footprint of a
base station BS3. Although the phsyical base station, BS3, is not

diagrammed separately within the figure, it can be assumed that it lays



base station BS3. Although the phsyical base station, BS3, is not

di agramed separately within the figure, it can be assuned that it [ays WO
01/ 78440 WVRC01/1800L/ 11370 15 sonewhere within the di agrammedrisatpsiont. Each
mul ti-carrier conpliant base station is capable of both transmtting and
receiving spread spectrum signals in accordance with a multi-carrier
protocol. Hereinafter, all nulti- carrigg conpliant base stations wll
sinply be referred to as nulti-carrier base 5 stations. In the network

di agram egethewhe& aithiPehd Hidbirahahed $6oB2int PA@S BlIS-caArRASDMbRRhON
that is single carrier conpliant and its Corresponding coverage/Tootprint.

Each ci rcl &ase stagioh, is eapable of hothttrsrsmittinge and oegeiving ofpread Ispeetrarat i on
BS1. Although the phsyical base statj.on, .BS1, i s not, 10 .di agranmred ,,.
separ at el y WA I BEPEagG STtk @ BiH iEereT siSodlar Hereinal € s o

Wi thin the cgirdaf @BHahiOB4dRl dtAionda6] stinPYY BeGafdrt®] 1 AR arrieARse
station_is capable of both transmtting and receiving spread spectrum

si gnal sdi nstedtmisdance with a single carrier protocol (e.g., 1X).

Herei nafter, al ingle cargier co i ant . base, statign i sinply. be

r ef elr red to as i‘il r#%? é‘%ﬁgﬁé gﬂ?‘grgpl’ﬁ%gfé Célicé{%&frg’[rs?gf‘p%n{t Lq%ﬁf#%%i_rgp%ﬁ one
Ai r Touch) w bhsd iskftion daioys Mihbie ?@'irfile?rco1f§19lli\éh€e§nﬁnit%”%llgilfrégf)gﬁaingr

pockets, wherein nulti-carrier services are first needed. )
i | | ustr at esoueragrafnsitprint. diach drdetitesti it 1epresptptive of reafdotppiot kdta of

mul ti-carrier serviceso,s prgu ded by six,nulti-carrier.bas tations, 20
BS3, and W??g?eeisﬁaté?lﬁg%gllbar ﬁqﬁp@} V|¥1& spgﬂélcf) Ol?ﬁs&ea%[thora ﬁB gels not
sur r oungli ngﬁagfaﬁﬁanb& $eelr¥tely AhfthE f’tﬁleefigafé,ii@rc_ab@'é@ abahlddN$haB3 lays
Herei nafter, the term "non-honogenous network will be used to refer to a
net wor k cofeBiemhege wishin the diagrammed foetpsingt dladbnsingledcasirieglconepliantr
base statign S .. .netwo 1Q._.The..pon- ho enous net woyr ki

cosent al | 15 R B¢ BE off drariolfie e, PRTEREET e RPLRE Spdpum
stations | gheladinBdbramtccawill 4 bingd bar@fer Piosé@N (ElgheasEerdind ft@)Sall

| abel ed BS3) that share common infrastructure, such as a BSC or MsSC.

Mul ti - car r BEglosaEriet gerpiinnsIzser ations b simply ybe referred to as single

cormunhgat E%ie‘?‘ﬁa@ers? (;tnes.statl ons by transmtting data to a renote

A carrier (e.g. Vodafone AirTouch) will likely deploy multi-carrier
services in small areas, or pockets, wherein multi-carrier services are first
needed. FIG. 4 illustrates an example of such a network 410, wherein a small
pocket of multi-carrier services is provided by six multi-carrier base stations,

20 BS3, and wherein single carrier services are provided in a large surrounding
area by forty-eight single carrier base stations, BS1. Hereinafter, the term
non-homogenous network will be used to refer to a network containing
both multi-carrier base stations and single carrier base stations, such as
network 410. The non-homogenous network is essentially the combination

25  of a single carrier system (the base stations labeled BS1) and a multi-carrier
system (the base stations labeled BS3) that share common infrastructure,
such as a BSC or MSC.

Multi-carrier base stations BS3 are not necessarily limited to
communicating with remote stations by transmitting data to a remote

30 station in compliance with a multi-carrier protocol in a multi-carrier

frequency band. Rather, though, multi-carrier base stations BS3 may also be



30 station in conpliance with a nulti-carrier protocol in a nulti-carrier
frequency band. Rather, though, nulti-carrier base stations BS3 may al so be
WO 01/ 784M0 0PBHALSO1/ 11370 16 able to conmuni cate wi th rPEDUS0ISEIET0 ONS | N
accordance with a single carrier protocol in a single carrier frequency.
Having such flexibility in nmulti-carrier base stations proves useful when
a network 410 is created by upgradi ng ajgocket of single carrier base 5
stations to nulti-carrier base stations. In such a network 410, many pre

exi sting repl & &bdnh@itate@ithIRIhSR FRAYAS fh BRcdrignfeiMmi Kk stlfer@yriepl v be
single carrier conpliant. So as not to deny service to non-nmulti-carrier

conpl i ant paatsce!l it atsingle cakider frigqueneyavel ed i nto these upgraded pockets,
t he upgraded base stations .cont.i nue .1.0 pr.ovide single carrier c | i ant
10 servi ces i n MatnBon (R By aubgRR! | e PR b eRcuS  ough
a mul ti-carfied! ahaa® orkaditOR. cragtedSBy dg@&@dﬂhg &gﬂ;dﬂf@@@f &iMAS carfibAa08 t hat
is not only multi-carrier conpliant,” bat” one that additionally is single

carri erd cosfationst to nueltisearwiegobasengtatinns.d Inr stect ar nehworke dd0ngnafy gresi ngl e
carrier base. station. A sj.ngle canri.er base station, as,u her ei is a
15 base st avipnBcirroresEngs SEEARIES sy PhreRer R Bt gt ghiy be

mul ti - carr kfigle Gkl dmpllins, SO Ml Lol 86 rd&ly basscS Bt hORmaRMLrbPt h
transmt data on a nulti-carrier forward IinkK in accordance with a

mul ti - car r cemplieat oephotenstatipas dhae hdse atravieladniritei theae nipgraded graskets, nk i n

accordance W th a - garrier protocol. Al base .stations that gan, both
Cranomt adtaugaradii bese 58608 b Criis #f praviiediBoraseampliage

mul ti - e@r r b&fvitdsahosdditidndio @rehaely dadied QRuRi-Batridr-sepyitégr reverse link in
accordance with a multi-carrier protocol are referred to herein as

nul ti-carrier baAdthaugh ponulti-rucierdasesiption & wmd hereinfcanhmeant aubake 410,

and al so sh t Qe .path. of, an enpl.ary renot tation,travelin .

t hr oughout Sfa\tﬁllsémng}a\XdP kI}Ot %Yﬁﬁzéﬁgg 15T ﬁgggﬁobaé‘grh%ggggg t@ﬁ@ﬁﬁ?ﬁ%}%%ﬁ%e of
BS1 and BSgirfo0é cafti&t énraplishieMe HahPERS ndtmhdldGrue. for thenBlegnitiatdfon is
inacall while traveling throughout a portion of network 410. e renote

station begingde icarrierabasesttaponntA singlgrearriee basstation; as vsed |hezeinpoism  558.
"X'es gge placediip hng & salgéﬁemcér%ie%a%mtpﬁatﬁ? €and is not fully multi-carrier
compliant. Thus, single carrier base stations cannot both transmit data on a
multi-carrier forward link in accordance with a multi-carrier protocol and
receive data on a multi-carrier reverse link in accordance with a multi-
carrier protocol. All base stations that can both transmit data on a multi-
20  carrier forward link in accordance with a multi-carrier protocol and receive
data on a multi-carrier reverse link in accordance with a multi-carrier
protocol are referred to herein as multi-carrier base stations.

FIG. 5 diagrams a portion of the network 410, and also shows the path
of an exemplary remote station traveling throughout the network.

25 Subscripts have been added to each instance of BS1 and BS3 for
distinguishment purposes.

In FIG. 5, a remote station is in a call while traveling throughout a
portion of network 410. The remote station begins its call at point 510 and
terminates its call at point 558. “X”es are placed in the diagram to call to the

30 attention of the reader various points at which the remote station is in

different coverage areas.



30 attention of the reader various points at which the renote station is in
different coverage areas. WO 01/ 78440 PCT/US01/11370 17 At points 510

t hrough 3@p1/t43e0 renpte station is solely in the coveragePCrUS@S$1180 Si ngl e
carrier base stations. At point 510, the renote station is only in the
coverage area of BSla. At point 518, the renote station is in the coverage
area of both BSld and BSle. Because theq#enote station never 5 enters

mul ti-carrier coverage between these points, no handoff is needed between

the multi-carrief IS’@I%@S 51@&1.111%%}16\5@,&1@@ r&hBe Stafidhlis QOILASA &Eaédv%%ge At
poi nts 530 through 538, the renpote station is solely in the coverage area

of nul ti-caredserf dingle crsier base statiopsi At et 5Kk thereretetstatiam is snbyl y i n
t he coverage ,area of BS3c. Al int 538,.th enpte station.is.in the
cover age tﬁ?eﬁovﬁa%%ﬁ?a Igic%(}@_e ep?]@?‘ro%eg'stggt i eég‘?n”%ﬂ%rlg El'i“?lgl e
carrier coysiaagebalwesMbbiiess180iiH BS180 BREARS the rearAedstaabeRBvLEhe
multi-carrier base stations and the single carrier base stations between

t hese pdi nesteratmpdiirtasrissovhragegbety&®n theser pointe voahandoffsissoeedad i n

t he coverage, aregs of .singl.e carrier. base stati.ons. Al int 550, the
oot o ot abPBRTS iy R@ine BAe sGhionagocaes o cisariel ReSh8RRPNSSE, ¢ he
remote station iy pdintdS36 Bvh2HE53Y, ¢Re PEmBRLKtIBRGIUDRIY IR theNRferssatl | on
never enters nmulti- carrier coverage between these points, no handoff is
needed bet weenof mailtimalrrier base stetiohas dtspeint 586, thedetinde statigireiscemlyi isx base
stations, between these khts., 20. ihts 520 through .528, the renote
station i s%ﬁ f%Y‘?{agﬁ@r%%QEng‘é Aa’irp(apé(ﬁSE g?é’,gﬁteﬁeg]og%pgmg&%ﬁl rzf?‘ﬁacé)é’ Si&k i ons
and nmullQi - 6asd bLBSHRSBe&diaki tABTenfte sRAOH n&AL erlthb @B @adledldRierage i N
t he coverage area of single carrier base stations BSld and BSle, and it is
al so i n t heebusen thpseapeatsinanandotiais heedechbsbveermtthermBiiisarrier bpesant
528, the renpte st%“on ds;in the cove{?g]?)e }r a of 25 sin Ite carrier base
station BSIF Ogﬁcimi_ }}ess%ggeoce}rﬁleﬂp@s%(g é‘ﬁ SVES & eW?' -S'_carri er base
station BS3c. AARIiAtS550 thiolbBUBHES, FMSrefBee §18HBHSs bRy @A the dvieRige t he
coverage areas of both single carrier base stations and nulti-carriéer base

stations. Areaspdismglsmrriehdasestotionst i paintsSiln thézemote stegipraiseanhy

si ng| €15ar 51'1 ecflebcaosv%rage area of BS1h. At point 558, the remote station is in the
coverage area of BSlk. Because the remote station never enters multi-
carrier coverage between these points, no handoff is needed between the
multi-carrier base stations and the single carrier base stations, between these
points.

20 At points 520 through 528, the remote station is within the coverage
areas of both single carrier base stations and multi-carrier base stations. At
point 520, the remote station is in the coverage area of single carrier base
stations BS1d and BSle, and it is also in the coverage area of multi-carrier
base station BS3b. At point 528, the remote station is in the coverage area of

25 single carrier base station BS1f, and it is also in the coverage area of multi-
carrier base station BS3c.

At points 540 through 548, the remote station is within the coverage
areas of both single carrier base stations and multi-carrier base stations. At
point 540, the remote station is in the coverage area of single carrier base

30 stations BSli, and it is also in the coverage area of multi-carrier base station

BS3f. At point 548, the remote station is in the coverage area of single carrier



30 stations BSli, and it is also in the coverage area of nulti-carrier base
station BS3f. At point 548, the renote station is in the coverage area of
singl e cavoperssviD 01/ 78440 PCT/ US01/ 11370 1s base stati opeT/BSii1and BS1i,
and it is also in the coverage area of nmulti- carrier base station BS3e. In
order to keep the call up, at sone point between point 518 and point 530 a
handof f must occur between single carri@r base stations BS1 and 5

mul ti-carrier base stations BS3. Likewi'se, at sone point between point 538

and poi nt %R s@aﬁ@ﬂgdgsfmnyﬁa_mﬁ%nee&vzgeaismtéh@@wérsges@g Etcﬁfte Aldiens BS3

and single carrier base stations BS1l. Several enbodi nen I nvention
faci | it at ecagrieh basdatadiohf BS3éSome not ation will prove hel pful in describing

t hese enbodi nment s. wi LI be used herei nafter .to represent
particular sin OEggrr f%h‘eﬂ? é‘gﬁe‘??&]yuBaﬁ SPRifc Po4Rt P%W_ef?ﬁizpqmiﬁ% a8d\y)
used for thent 859arithdddK mMbt b&uNbetvebn 5@1?%%!5&?1&5?%§§é1§‘tfaﬁﬁhsgislr gﬁaesent

a particular single carrier frequency use e reverse e term
mul ti - Gar rinedltifcaedgere baye batidns Ber bikeafiseratusede paint dfetween pdiat $38 of

single-carrier freguency hapds used for a multi-carrier 15 transm ssion.

o I st arfiel PPiC D & GBAG THHT GRoYT RRGHSS TG GHrer (RSO RS

1900- 1901. 2y g{_lf{%le 490 erIRse S{Le}qﬂ%s%lwl—h, and 1902.50 - 1903.75 Mz is used
€.g

to send a nulti-carrier signa .g. a 3X transmission signal), then the
set of these siYmiesakambedimeriguehchebamdntommpfaciléiata sunhl ta headofer

frequency band. W | I. be used hereinafter, .to represent, a 20 p i ¢yl ar

mul ti-carr quefr}og% %‘hé@ﬂﬁaFR}’%g%’@%ﬂﬁ}n aﬁ%(:rf}?i’r‘%/ati‘@gff FHﬁ{OC\AH}ePéS-\ﬁft Wil 1 be
used r ei i n t |k b & i and
used for tholpE HeBeiiRel SN er2 il A PArilulll diglentay AR Kantond

frequency (sachlasdPed ddHaf- W01.25MHe) uded dors theal fomvarelf BnknedhiteoNz ®ill7.

Li kew se, ,Nr _can, be.contained within W. or i.t can be frequency band 25
olut g}Mde ofPaAHse hf"reﬁrlr’ﬁ?@ers a’EqPSﬂSWQtpqrch%ﬁﬁiﬂg]@aﬁrﬁlﬁr %Q%egfyl@égt %ne

base stat iR reBedkseVifk 2 THe Hren GRATH-B4rrRirOfB§n QbARE W BBRiRS D 3B N,
while it is also in the coverage area of at "l east one nulti-carrier base

stati on B39, refer teethe aeif ofesingletanries drequersyabmds usedifor er mhdtideirfier
candi dl%t e'tr?r?sfrglrsrs{or}g t0Fc'>:r| Cilnséa’ncie,f i% hﬁ\e combination of transmissions on
frequency bands 1900-1901.25 MHz, 1901.25 — 1902.50 MHz, and 1902.50 -
1903.75 MHz is used to send a multi-carrier signal (e.g. a 3X transmission
signal), then the set of these single-carrier frequency bands comprises a
multi-carrier frequency band. Wf will be used hereinafter to represent a
20  particular multi-carrier frequency band used for the forward link, while Wr
will be used hereinafter to represent a particular multi-carrier frequency
band used for the reverse link. Nf can be contained within W{, or it can be a
frequency band outside of Wf, further discussed in reference to FIG. 7.
Likewise, Nr can be contained within Wr, or it can be a frequency band
25 outside of Wr.
A remote station that is communicating with at least one base station
BS1 via a single carrier protocol on frequencies Nf and Nr, while it is also in
the coverage area of at least one multi-carrier base station BS3, is hereinafter
referred to as a multi-carrier handoff candidate. Referring to FIG. 5, if the
30 remote station is only communicating with BS1d and BSle at point 520, it

would be considered a multi-carrier handoff candidate at that point, since it

is also in the coverage are of a multi-carrier base station BS3b. It should be



30 renpte station is only communicating with BSld and BSle at point 520, it
woul d be considered a nmulti-carrier handoff candi date at that point, since
it is alwooi/m4sthe coverage are of a nulti-carrier base spariso/B833b. |t
shoul d be WO 01/ 78440 PCT/US01/11370 19 noted that point 520 is not the
only spot at which the renote station could be considered a nulti-carrier
handof f candidate. At all points 520-528y if the renpte stationis
comunicating with at | east one single carrier base station BS1, but it is

not communingddd Aehthdift BRY jfMbt | 'theC@ éﬂﬁ!otbﬁ%@hﬁhaﬂq'e%ﬁuﬁg%tatﬁ)ﬁ B@ul"deﬁ@t €
station would be considered a multi-carrier handoff candi date Mil tiple

enbodi ment sonsidetesl ianwendtirenrieeduindadf chadidate.atAngllapoimand@pi52Bpifathe
non- honogenous., s IIovvi.ng t he . descript.ion of

étst[em are descri.bed bg_l }N Fg
these enbodfREHt sEUOTLIS QTN I A IASE RRF: SIRALE: CHXIFT hase §EAlPH or
al I handof fBSQ”'BQ@'WEW\@t cé&m@nﬁaﬁhgsma% fﬁmﬁ%@lhe?rﬁasefstm&gmsggent

invention, a nulti- carrier handoff“candidate is sent a handoff message
(often b ef &he eeinpte siatian Wemidahde:dnhlai@dedh whivtdcaimer hms@(a@et)mﬂrda‘re.at | east

one single carr bas i on, BS1 nstructjng it e
carrier conmmuni t’éﬂ Ctlpﬁé‘lt% Of Ahei dnveRdettst 829 %‘?lﬂfﬂjﬁq%ig ghd Nr,
and to beghanfBif irr a%ﬂ-ﬁbnlcﬁgs&wmu B8t QS JRBcAB&RAVERG.CFollovAng We W t h
mul ti-carrier base stations i nstance, at point 520, the“renote

stati on, mﬁwlm Oécbhmmlaodﬁgemsuhammtrl@mmmsﬁe forwidhaquémties I and
Nr using a arr col, would be instructed to switch its node
of comuni éﬁclilq‘g gh C#EF B‘ §ﬁm5¢ ‘protocol on frequencies W and W, and
20 to oply commumiLaer WahbobRetiiRhlcd BE3Re preseNCindln@HRO TRAY- t he
infrastructure instructs the nulti-carrier base stations BS3 to begin

comuni cat cariervihardaffeandidstte is sent @ﬂnaudpffgmaswgm(ctftemaeﬁermd pr es@ool  on

frequenci eg frastruct nstructs, t e Si

carrier baS¥® é‘f‘s?dla%%d%fgl‘%%&bo&é%esé%ﬁuﬁ o 254,00 PR ‘? ézﬁﬁrtl% Z’f’%ﬁl on.
25 Using p@tamlbnSE@l ,ARsR0cONE MPlAEAsO Rirle Qﬁrﬁ@né&hinuﬁl'cQHB% wagdsifglei n

wll assune a mul ti-carriefr handoff candidate is in the coverage area of

two si ngl eaiarr bape betetions aBSbnonBIIf amld ohly, nahdi teabegior hube-carrer on
Egﬁd of wmvgrrrﬁngr%aﬁo'nls lo%dfrleaugrrllceieg W \émn WeeRid i ?n&ll’zlaéar%len%ase st Ecgrllser
BS3.  For instance, at point 520, the remote station, which was
communicating with BSld and BSle on frequencies Nf and Nr using a
single carrier protocol, would be instructed to switch its mode of
communication to a multi-carrier protocol on frequencies Wf and Wr, and
20  to only communicate with base station BS3b. In such an embodiment, the
infrastructure instructs the multi-carrier base stations BS3 to begin
communications with the remote station using the multi-carrier protocol
on frequencies Wf and Wr. The infrastructure also instructs the single
carrier base stations BS1 to cease communications with the remote station.
25 Using point 520 as an exemplary point of handoff, figures used herein will
assume a multi-carrier handoff candidate is in the coverage area of two
siﬁgle carrier base stations BS1 and one multi-carrier base station BS3.
However, one skilled in the art will realize that a multi-carrier handoff
candidate could be in a coverage area in which there are more or less of
30 either type of base station, as long as it is in the coverage area of at least one
single carrier base station and one multi-carrier base station. One skilled in

the art will also appreciate that the descriptions of the below embodiments



candi date could be in a coverage area in which there are nore or |less of 30
either type of base station, as long as it is in the coverage area of at

| east onavOs@i/reghe carrier base station and one nulti-carrPer/ub@sa3mt ati on.
One skilled in the art will also appreciate that the descriptions of the
bel ow enbodi ments WO 01/ 78440 PCT/US01/11370 20 are not limted to
coverage areas of exactly two single cappier base stations BS1 and one

mul ti-carrier base station BS3, but that they apply to other coverage

m xes as watd nobdghitas @ &Wé?h%é habad 8f eRadthe twBVahaRecaR? WiselstRtions
mul ti-carrier base stations BS3 and only oné single carrier base station

BS1. 5 An SRénprdronalimgltiaawier: hese station dii3 dmitpthat dfeyaapelyote otbent i on

that is a nulti-carrier handoff .candi dat Q nicating with two .single
carrier bablverEe Bt e shefARa PR FRTI e B Shet AR ot §
communi cat ingil tiP@drbieltage stdtRyrRaBBIAAd Unly bRefdifsle dandobhse sahedipmnt
appears_in FIG 7, wherein the renote station bégins 10 transmtting in
frequen?y band Wn exeinplegy ndiagearai of riglei gommagnaatipnbapath \f | aaremaber ei n

t i ssi gns. adhering to th | ti- ' | . received b
pace stati SHUses taitr angrbrtetie babBol SndRtiaiSnaliRica FES I Hog 1 n
accor dancesidl® ddieieflbdde- SRAKONST BET 0s06RbwhN ihT BHGEBCY Dadidorath. ofl n

Al t hough this first handoff enbodiment succeeds in allowing a renote
station toekemplany gosuntnitadion opath iaflerwté ehandefé| phghet irstu dlaongtofh

-h twork, it |ack i.rabl t f i cati

path i ver SRS ARt S oumPaah Foi Fiiar” A Behr 05F cbamny sePPRnamEsn | 20

The |agk OtraRRiviging iR Ol batd Wi, haldbleFisn@lceiveas fihefre@sfy ISdrat | ons
g

and nulti-carrier base stations when in the coverage of both™ negatively
af fects pal¥f cindmshesein | rangmissionst edbesngoty pog manltscarriranpodtbcel are he

first handqff . | ment. j . pri Q PO} 52 t.hen the r station
Wit ony. fesa il Abde] bR h%5 bR Bkl The R HRERA R PR o5
station BSiansAlitthod g abber daa®tveitls thé inefilt-sarrieri ot 6@ aha@eq @R §Sbad bot h
BS1d and BSle, it wll no | onger have conmunication Iinks with these base

stati ons, 3B will not gain the path diversity that could have been
recei vegl Although this first handoff embodiment succeeds in allowing a

remote station to keep up a communications link while traveling
throughout a non-homogenous network, it lacks the desirable features of
communication path diversity and power control that can be provided by
soft handoff.

20 The lack of being in communication with both single carrier base
stations and multi-carrier base stations when in the coverage of both
negatively affects path diversity. If the remote station performs a handoff of
the first handoff embodiment just prior to point 520, then the remote station
will only have communication links established with multi-carrier base

25  station BS3b. Although the remote station is in the coverage areas of both
BS1d and BSle, it will no longer have communication links with these base
stations, and will not gain the path diversity that could have been received
by being in a soft handoff with these base stations. This is especially evident
in instances where Nf is contained within Wf, and where BSld or BSle is

30 transmitting at a particularly high power level and is interfering with the
signals transmitted from BS3b. If the remote station had been in soft
handoff with BS3b, BS1d, and BSle, it would likely have received a good



by being in a soft handoff with these base stations. This is especially
evident in instances where Nf is contained wthin W, and where BSld or
BSle is 3Ooorvamasmi tting at a particularly high power |evePCHOS01/H370
interfering with the signals transmtted fromBS3b. If the renpte station
had been in soft handoff with BS3b, BSl1d, and BSle, it would |ikely have
recei ved a good WO 01/ 78440 PCT/US01/11370 21 transm ssion fromthe high
power ed base station, either BSld or BSY¥e, whose high transm ssion power

| evel significantly corrupted the _transmission. signal. 1t BS3b.
However, i ntr?lﬂ%mbséz@t g itﬁeilglg of Oweﬁg?uﬁ%easjcs%#o?" h‘%alFllj(ij%r?;B,% IﬂaisB?gB%eé case
in the fi fSJvhB%gdq{%herﬁ%Qﬁémtoni tpovbemolwkl Onbignifeemitve cbarupeed uthed

. The

signal from BS |l ack of such a soft handoff negatively affects
reverse | i nkapswssiorcsignebiraasmided byrgssh.ndlemexer, iin thetease shatalidsmotof

the first handof.f di , i nt_520 BS3p i :
Stati on o WaPGeh i ST s 5B Rk i B s A ek BB,

W thout & egﬁbﬁl&%ni;@rm@w%e bbFubtansignab s BS3b. i nterfering with base
stati on BS1d or BSIe, as can occur wheén Nr is contained within W. This is
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be used to hapdeffir WA A0 & owhldineRrwithin base That inthd case beagise tharri er
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continue receiving single carrier signals fromthe sin carrier

15  had requested it to do so, thus reducing the chance tha%lt e remote station
would raise its power level excessively.

Although the above embodiment describes how to facilitate a handoff
from a single carrier base station to a multi-carrier base station, one skilled
in the art will appreciate that a similar method can be used to handoff from

20 a multi-carrier base station to a single carrier base station. A handoff from a

multi-carrier base station to a single carrier base station could be used when

a remote station is exiting multi-carrier coverage, such as at point 540 or
point 548.

In a second embodiment of the present invention, a multi-carrier

25 handoff candidate is sent a soft handoff message that instructs the remote

station to continue receiving single carrier signals from the single carrier

base stations BS1, but also to additionally begin receiving single carrier

communications on frequency Nf from at least one multi-carrier base

station BS3. In this embodiment, the infrastructure instructs these multi-

30 carrier base stations B3 to begin communications with the remote station

using the single carrier protocol both on the forward and reverse links in

frequency bands Nf and Nr, respectively. For instance, if the soft handoff



base stations BS1, but also to additionally begin receiving single carrier
comuni cations on frequency Nf fromat |east one nulti-carrier base
station B@301/7834¢ hi s enbodi nent, the infrastructure instrecrasetas® nul ti
30 carrier base stations B3 to begin comunications with the rempte station
using the single carrier protocol both on the forward and reverse links in
frequency bands Nf and Nr, respectively.,,For instance, if the soft handoff
WO 01/ 78440 PCT/US01/ 11370 22 were to &?cur at point 520, BS3b woul d be

instructed to begin single i i j i i- i
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carrier base stati ons BS_l and with nmnulti-carrier base stations BS3, and
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stati ons. Al\ﬂh?él?,aﬂﬁé)ﬁ:eﬁlb% sRMBNisAlidepAnpaddtadtsmr and hendofitting ddattoi s
enbodi nent appears in FIG 8, wherein the renpte station Tonti nues

transm tti ngultiple depsensigtivancalnng differgptrrathst hedeinnallyy athey femote

cingl o Bhr reronds de Gt IecRETRE Shb LRAEBAFE (ot AR P B Ol
station begi BowC@ntdlgbEs)NGbe Gtk @ie binals rdastennsd midltiecareiec ybade from
a nulti 20 carrier base station BS3. Additionally, r]ggolte station
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M xed COVer ggae(RBe amishaA disgheh bfithe commankntge mithaftrnghendatfrofr

\Rﬁis gh (2)1?&3'; g‘t;ils ?Qr;nlggc(ijir;lgntt gle)p(e:gr\geirna f}G.O f8, %h%lflelaitnl :dgg rrE:rln%rte bs%gtei\og tc%trgt?r{] és
transmitting in frequency band Nr, and wherein the remote station
continues receiving single carrier transmissions in frequency band Nf from
single carrier base stations BS1. FIG. 8 also illustrates that the remote station
begins receiving single carrier transmissions in frequency Nf from a multi-

20 carrier base station BS3. Additionally, remote station transmissions
adhering to the single carrier protocol are received by single carrier base
stations BS1 and multi-carrier base station BS3.

Although the above describes a handoff from single carrier coverage
to mixed coverage (an area that is both in the coverage of a single carrier base

25 station and in the coverage of a multi-carrier base station), which occurs, for
instance, at point 520, one skilled in the art will appreciate that a similar
method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548.

In the second handoff embodiment, once the remote station travels to

30 a point at which it is no longer in the coverage of single carrier basestations
BS1, such as point 530, the remote station will only be communicating with

multi-carrier base stations BS3, but will be communicating with them using



i nstance, at point 520, one skilled in the art will appreciate that a
simlar nethod can be used to handoff fromnulti-carrier coverage to m xed
coveragewa@uots4as at point 540 or point 548. |In the seconBCharaofB70

enbodi ment, once the renote station travels to 30 a point at which it is
no longer in the coverage of single carrier basestations BSl, such as
point 530, the renote station will onlysohe communicating with

mul ti-carrier base stations BS3, but will be comunicating with them using
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of multi-carrier base stations BS3 to switch its nbpde of comuni cations

wi th the rbapdeffsmessage instruaingulit to caase el singleocatrier ncdmagueriteyiomends W

f and W. Fqr, i nstance, at. poi nt. 53 a r.enpte station,wi had perfor ned
2 15 handdPf BrORNCREEEuRlcREnore Hifo Bl R Tk A U be cgRIRIbat | ng
with BEBc bAdfreoarenENkdadSuldh a0eniBodidsdiitd the ShERUERITE iB5rRERL BEO!
woul d be instructed to switch its node of communication with BS3c to a

mul ti - car r pefrofpmsd Beerriph bepseglasiony Behte switchnids woderbf epmmiugicatbereuent
handof f, a_dpagramof the.co i cation path |logks.ance again as Kkt did in
50 PG 7 it e PRt Dewen T A R e B R B R Bt
allows thanhgenwafits of nmulti-carrier transm ssions to be achieved. Werein
performng nulti-carrier transm ssions on both the forward and reverse
links at a tineFandnastancenst pobitab3®bra wemote statéor gvkichgbad rrexfemmedth

15  handoff of the second handoff embodiment, and which was communicating
with BS3c in frequency bands Nf and Nr, using a single carrier protocol,
would be instructed to switch its mode of communication with BS3c to a
multi-carrier protocol in frequency bands Wf and Wr. After this subsequent
handoff, a diagram of the communication path looks once again as it did in

20 FIG.7.

Performing such a subsequent handoff is beneficial because it allows
the benefits of multi-carrier transmissions to be achieved. @~ Wherein
performing multi-carrier transmissions on both the forward and reverse
links at a time when a remote station was in the coverage area of both:

25 multi-carrier and single carrier base stations, as was done in the first handoff
embodiment, could have deleterious effects, performing these transmissions
when not in a single carrier coverage area will not have these deleterious
effects, and thus should be performed after a remote station exits the single
carrier base stations” BS1 coverage areas.

30 A subsequent handoff that tells the remote station to only
communicate with one type of base station in that base station’s native

protocol (the native protocol of a multi-carrier base station is a multi-carrier



25 nulti-carrier and single carrier base stations, as was done in the first
handoff enbodi nent, could have del eterious effects, perform ng these
transm ssvong784¢hen not in a single carrier coverage areaP@f/USowas7ohave
these deleterious effects, and thus should be perforned after a renote
station exits the single carrier base stations' BSl coverage areas. 30 A
subsequent handoff that tells the renpteystation to only comunicate with
one type of base station in that base station's native protocol (the

native proteeRicobfwhilfuht indafe 'Fedstobap@f _ﬁts@ﬁ%l@rbairﬁeﬁbﬁs@ Statioal isi £EINAR
01/ 78440 PCT/ USO1/ 11370 24 protocol, while the native protocol of a single

carrier basarmgrapiaiacely is net dighiedctr piiemieostetion) trpgeling from eeaixed a
renote stat] traveling fraom ixed coverage area_to a tisgarrier
cover age arRacragtaies 0 g mb Bl i e R A0S SEat Bofy N R e eto age
that instrugbSequen®Mbhfdsffalmessae RAY iBsEAERUN GRhfotdl IHaBdbMohke ealyi er
base station's Tn a single carrier protocol should be used when a renote

st at i ondt r goBIBUNiceke awithx sidhgde raruere baseestation sains iangjingle: gardier protasohge
area, such i_nt Q. .Th vant a of . the second ;handof f enbodi ment
of “the” proshnpt pRIER 2o oet il PIE7 T eia By RGN Bate St 1
when in thg ffyelaster a&,@ag@agga l@g&}lﬂagiae@bgﬁcgyo[i er and nulti-carrier base
stations provides the benefits of path diversity and decreases the chance

of the rempte stlde advaniager pbithasespnd bardeff embodimest dok the presehhict

h he re . ion | ecei Vi .. f epdback., f bot h
types. (o1 ngreeh] B e B §iRel b0 B0 ST spfeblcusy yPRER AR el RleGREA i
secondipandedd ofnbeth rBiltle 18amic@Vhf@sSnitigs@riiePr baRMBtatidneY providesf thst .

there are consjderations that still need to be taken into account in
regards t obepefiseebpatihsiversity andodesresnes eechande obribedeameteontatiomow

Such' consi dREier XHRIHE kLRI aue 358" Abt BiF: ERCkdnbE B ¥

transni ssi @acedeingr Eﬁﬁ@ﬂ ednti®] Jesdbakefrbhie bope typeal (sHRNE ichirietsgild whiliin a
certain frequency bandwidth X to transmt N inforpmation bits via a single
carrier pr6gis) ok hasaestatippsnuchlthpugherthishasecondehapdatniessbodipent:

needed 150 %‘?&%d%& ethtegg iisrﬂaer%Ve%enqg ng{l&y the %ﬂrsé, nchgpee are considerations that

still need to be taken into account in regards to the second handoff
embodiment.
One such consideration is how the power levels of the multi-carrier
base stations could be affected. Such consideration needs to be taken into
20 account because the transmission power needed to generate the spectral
density used within a certain frequency bandwidth X to transmit N
information bits via a single carrier protocol is generally much greater than
the transmission power needed to generate the spectral density used in the
same bandwidth X to transmit N information bits via a multi-carrier
25 protocol. This consideration is best considered after viewing Figs. 9 (a & b)
and Figs. 10 (a & b).
FIG. 9 contains an illustration of the spectral density and the
associated transmission power that would be utilized to transmit N
information bits using an exemplary single carrier protocol of 1X (FIG. 9a),
30 and it contains an illustration of the spectral density and the associated
transmission power that would be used to transmit the same N information

bits using an exemplary multi-carrier protocol of 3X (FIG. 9b).



same bandwidth X to transmit N information bits via a nmulti-carrier 25
protocol. This consideration is best considered after viewing Figs. 9 (a &
b) and W@8y784® (a & b). FIG 9 contains an illustrationpof/uséerispect r al
density and the associated transm ssion power that would be utilized to
transmt N information bits using an exenplary single carrier protocol of
1X (FIG 9a), 30 and it contains an illgﬁtration of the spectral density
and the associated transni ssion power that would be used to transmt the

sanme N i nfornat imeR sih'gl@ caiSidigplof el alatesthé i infdihh €6n PhRS Q6&rddfg 3X
(FIG 9b). WO 01/ 78440 PCT/US01/11370 25 The single carrier protocol

nodul at es t0@ singler erarriesmpdulntipncethéintgyand dransniig | the capdinkateddudts ata on
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FIG 9a_ Pn is the power used to ?enerate the signal over a bandw dth Bn;
thus, the &oéeiom| skaypdd, rh&LQi Sgr Brmisdthes pagrer usad itergesiegaial then FI G

9a woul d be.referred to_as .R Bn., The multi-carrier prqtoceol nodul afes
Che nf or malEFGh et < SepaPaRty B crutnand FPesi i Erhaball dhPohesEE R tn
transmts GhipleegiHatesndlihsFie 9awold tiealfdir&$ t®Rs PaweBnof Pw at each

frequency band Bn in frequency band Bw. The nulti-carrier signal has a

full spectral ddisi mplifcappiex BatocphenpdulatesPithe dnfprsaateon t bidh agording | e

t he bandw dth Bwii.s _gr.eater, than the bandw,dth Bn. i ng,3X,as ,t.he

exenpl ary géllat muééé'rc ?@?@ﬁ%@%lggpn SCAGTHERS TS, Fép@dgféﬁﬁﬁféﬂgaﬁtﬁ er
protoced, theshasdvhPowevol Bwllt ciPfrbg§@sh@f badd Ba BN filgtRfcE BHREBwAS is
seen, the spectral dénsity in a particular bandwidth Bn s nuch greater

for a 1X silhglmubizeairiar Sgogldras hhdl specttal dansity @Pw Bie.carrier signal .

Li kewi se, the t S i ower, P d_ .t ener at,e.the,spectral
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FIG 10a and FIG 10b show two alternate enbodi ment’s in which a

mul ti-carrRBE B¥ses dhat pxempkayceingle staniet gretecoly the ahenilwidihsiBwl &

carri @5  comprised of three Bn-sized chunks. As is seen, the spectral density in a

particular bandwidth Bn is much greater for a 1X single carrier signal than it

is for a 3X multi-carrier signal. Likewise, the transmission power, Pn, used

to generate the spectral density Pn x Bn is approximately three times the

power level, Pw, used to generate the spectral density Pw x Bn in each Bn
20  frequency chunk .

FIG. 10a and FIG. 10b show two alternate embodiments in which a
multi-carrier base station BS3 could simultarieously transmit a single carrier
signal to a first remote station and a multi-carrier signal o a second remote
station.

25 FIG. 10a, the embodiment entitled Dual Transmission Utilizing
Overlapping Frequencies, assumes that in the non-homogenous network
410 the single carrier frequency band Nf is contained within the multi-
carrier frequency band Wf. Such a non-homogenous network will
hereinafter be referred to as an overlapping non-homogenous network.
30 Diagrammed in FIG. 10a is the transmission power and spectral density
utilized in various frequency bands to transmit to two remote stations, the

first of which is in a soft-handoff of the second handoff embodiment,



signal to a first renmpte station and a multi-carrier signal to a second
renbte station. 25 FIG 10a, the enbodinment entitled Dual Transm ssion
Utilizi ngvO@Quessh@ppi ng Frequenci es, assunes that in the nPOFUSMMYETIOUS
network 410 the single carrier frequency band Nf is contained within the
nmul ti- carrier frequency band W. Such a non-honmpbgenous network wll
hereinafter be referred to as an overl ap I ng non- honbgenous networ k. 30
Diagrammed in FIG 10a is the transm ssi En power and spectral density
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transni ssi o REMRHaHSEWilY £amilawatidd pretoedl, Bhfended genehatfirst rensprect r al
density of the nmulti-carrier signal in frequency_bands 1030 and 1040 i s
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needed to transmt the nmulti-carrier nodul ated signal . Frequenc gd 1010
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needed to transmit the multi-carrier modulated signal. Frequency band 1010
is representative of Wf, and frequency band 1020 is representative of Nf.
FIG. 10b, the embodiment entitled Dual Transmission Utilizing Non-
overlapping Frequencies, assumes that in the non-homogenous network
20 410 the single carrier frequency band Nf is located outside the multi-carrier
frequency band Wf. Such a non-homogenous network will hereinafter be
referred to as a non-overlapping non-homogenous network. Diagrammed
in FIG. 10b is the transmission power utilized in various frequency bands to
transmit to two remote stations, the first of which is in a soft-handoff of the
25 second handoff embodiment, wherein the single carrier protocol is a 1X
protocol, the second of which is communicating with BS3 in accordance to a
3X multi-carrier protocol. In a non-overlapping non-homogenous network,
multi-carrier base station BS3 transmits in frequency band 1050, which
comprises frequency bands 1060, 1070, and 1080, a signal modulated in
30 accordance with a multi-carrier protocol that is intended for the second

remote station. Additionally, multi-carrier base station BS3 transmits in

frequency band 1090 a signal modulated in accordance with a single carrier



referred to as a non-overl appi ng non- honogenous network. Diagrammed in
FIG 10b is the transm ssion power utilized in various frequency bands to
transm t wOo01/v834¢ enot e stations, the first of which is inrparssétyrbandoff of
the 25 second handoff enbodi nent, wherein the single carrier protocol is a
1X protocol, the second of which is comunicating with BS3 in accordance
toa 3X mlti-carrier protocol. In a ngﬁ-overl appi ng non- honbgenous
network, rmulti-carrier base station BS3 transmts in frequency band 1050,
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with up to five remote stations simultaneously. However, this number
decreases when BS3 communicates in single carrier mode with remote
stations that are in soft handoff. FIG. 11 and FIG. 12 serve to visualize this.
In FIG. 11, the transmission power of one multi-carrier call is illustrated,

20 wherein 5 * Pw is the maximum allowable transmission power level for a
given multi-carrier base station BS3. It should be clear to one skilled in the
art that given this maximum power level, multi-carrier base station BS3
could still support four more calls in addition to the one call currently up,
because each multi-carrier call utilizes an average transmission power level

25  of Pw per amplifier. However, bringing up a single carrier call on this same
base station drastically reduces this capacity, as illustrated in FIG. 12.

In FIG. 12, the transmission power of one multi-carrier call in
conjunction with a single carrier call on a multi-carrier base station BS3 is
illustrated. It should be clear to one skilled in the art that only one more

30 multi-carrier call can be added at this point, and that no more soft handoff
calls can be added to at this point due to the near saturation power level of

the amplifier supporting frequency band Nf.



given multi-carrier base station BS3. It should be clear to one skilled in
the art that given this maxi num power |level, multi-carrier base station
BS3 coulwdo 8t/7d4h0 support four nore calls in addition to theT/osa/aatol
currently up, because each nmulti-carrier call utilizes an average

transm ssi on power |evel 25 of Pw per anplifier. However, bringing up a
single carrier call on this sane base sgation drastically reduces this

capacity, as illustrated in FIG 12. In FIG 12, the transm ssion power of
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understand that for each renote station in a handoff of the second handoff
enbodi ment {rapgmattees evglat proveneostiynag weblarri er frequency band Nf (1020 in

ransitt ed dat AR RERHA o Wsr pealobetF GRS T BiGo ate
skilled in the art will understand that for each remote station in a handoff of

the second handoff embodiment, interference in the single carrier frequency

band Nf (1020 in FIG. 10a) is higher than it would be if either the base station

BS3 transmitted data to the multi-carrier handoff candidate in accordance

20 with a single carrier protocol in a frequency band other than Nf, or if base

station BS3 transmitted data to the multi-carrier handoff candidate in

accordance with a multi-carrier protocol (thus distributing the spectral

density of the transmission across a wider frequency band).

Another thing to consider in relation to the second handoff

25 embodiment of the present invention is that, while the remote station is in

soft-handoff, the fact that it is only engaging in single carrier

communications will limit the forward link data transmission rate. This is

a very important consideration. In many communication systems, the

multi-carrier protocols provide a means for a remote station to receive

30 much more data on the forward link than do single carrier protocols. Thus,

one advantage that the first handoff embodiment has over the second

handoff embodiment is that higher data rate transmission can begin



20 with a single carrier protocol in a frequency band other than Nf, or if
base station BS3 transmtted data to the nulti-carrier handoff candi date
in accovdanoesswdth a multi-carrier protocol (thus distribOriuse/ 1B
spectral density of the transm ssion across a w der frequency band).

Anot her thing to consider in relation to the second handoff 25 enbodi nent
of the present invention is that, while the renote station is in
soft-handoff, the fact that it is only e?r?gagi ng in single carrier

comruni cations will | |,m'§51§t he forward |ink.data transni.ssion rate, 'l{ﬁl S is
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much nore data on the forwar I nk than do single carrier protocols. Thus,
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handof f enbodinent is that higher data rate transm ssion can begin WO
01/ 78440 PCHMiSH 1 P14 A8 SIBgle SEEGSYG $OGTABS 1 ¢ the rempte station is within
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second handoff enbodi , renote Station would not begin receivin
hi gher dat aof athe tfirahshdrsdifbnsmbadiirienitt wishothossf afi rihe e seeand ehardolr age.
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handof f nmessage instructs the renote station to switch its node of
reception tewichitst inocker of eeceptichs, tdat nudtitcagrisnimode, Rul do dranfivaitcliy @i er
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110a of FI veral of these enbodi nents are described below. In a
t hi rd handofdmeteetitien220d of FGprlesermt mode wherein aitnpghaves 18ke gemele

nandel | canc 0ot s S, RERY o TRRSP BRSBTS,
protocol in N, gpnd %/l@r@%ﬂﬁo@ﬁ‘é%lﬁ’ddl%éﬂﬁt 8 itReapRALARRACNiON & Ml
carrier protocol 1n romat |east one multi-carrier base station BS3. In
15  carrier handoff candidate is sent a handoff message that instructs the remote
station to continue transmitting data in accordance with a single carrier
protocol in Nr, and to begin receiving data in accordance with a multi-
carrier protocol in Wf from at least one multi-carrier base station BS3. In
this embodiment, the remote station uses the same frequency band Nr for
20 the transmission of data after the handoff as it used for the transmission of
data before the handoff. The infrastructure instructs these multi-carrier base
stations BS3 to begin transmitting data to the remote station on the forward
link using the multi-carrier protocol in frequency band Wf. Additionally,
the infrastructure instructs these multi-carrier base stations BS3 to begin
25  receiving reverse link transmissions from the remote station in accordance
with the single carrier protocol in frequency band Nr. For instance, if the
handoff were to occur at point 520, multi-carrier base station BS3b would be
instructed to begin transmitting data to the remote station in frequency band
Wf in accordance with the multi-carrier protocol. Additionally, single
30 carrier base stations BS1d and BSle would be instructed to stop transmitting
data to the remote station, but would be instructed, either actively (by

instruction) or passively (by lack of instruction), to continue receiving single



this enbodinent, the renpte station uses the same frequency band Nr for 20
the transm ssion of data after the handoff as it used for the transm ssion
of dat aweborsa4é he handoff. The infrastructure instructsPCHESE/11370
multi-carrier base stations BS3 to begin transmtting data to the renote
station on the forward 1link using the nulti-carrier protocol in frequency
band W. Additionally, the infrastructgge instructs these nulti-carrier
base stations BS3 to begin 25 receiving reverse link transm ssions fromthe

renot e st aichafled fordfAATSANGS inVrefubhey bhna!er ¢Ryrhithe dehRitecRAtibn fTiggUency
band Nr. For instance, if the handoff were to occur at point 520,
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accordance with the si ﬁl e carrier NprOt ocol in frequency band Nr, but to
begi n r eceitiAnsgnitting in ireqguancydivasl Brwand haginsnnereiving i drequrencydeandn

frequency fro . station : di agram of. an exenpl ar
conmmuni cat :ngﬁ %na%%§~ e ¢ %nesg%lgﬁgglg f a@?ertlﬂég[f) h edsmg?&)(gaﬁg%nprcﬁ%%la%e in
FIG 130 whedesied bhawebRigte ThaliéoBagoBlationesBST hadsohé trnlilti-cardidreBHenCy

band Nr, and begins receiving in frequencg band W, and wherein
transni ssi 6diondBedi anf wherpid baseystatienrBS%e begingt tseramiiting1in pecosrlonee by

two single L4 se stations BS | tiirccarrier base station
BS3, and m@?ﬁeitf}lg%(é@gl c%rg%e??gBﬁg.g?@éé%eﬁ?ﬁk%Wﬁg in accordance wth
the multi-carri edltipnatioche abdverdguabeya bando¥ froth tsinglghcdrfier alRréage
descri bes a handoff from single carrier coverage to m xed coverage (an

area that {@TH¥eR cPretage (@pwieatatds bothindhe coverapeof Baiaglei@rienbpem and
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simlar nmpddtadessat Peinis2d, baehedted finf timatinill- geprctite €RMenagdenilor M xed
method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548.
In the third handoff embodiment, once the remote station travels to a
20 point at which it is no longer in the coverage of single carrier basestations
BS1, such as point 530, a subsequent handoff can occur that will switch the
mode of communications from single carrier to multi-carrier. This
subsequent handoff comprises the infrastructure sending a handoff message
to the remote station instructing it to stop single carrier communications
25  with a set of at least one multi-carrier base station BS3 and to begin multi-
carrier communications on the same set of base stations in frequency bands
Wit and Wr. In other words, the remote station is sent a handoff message
instructing it to cease all single carrier communications, and to only
communicate using the multi-carrier protocol on the forward and reverse
30 links. In such an embodiment, the infrastructure instructs the set of multi-

carrier base stations BS3 to switch their modes of communications with the

remote station to the multi-carrier protocol in frequency bands Wf and Wr.



coverage, such as at point 540 or point 548. In the third handoff

enbodi nent, once the renote station travels to a 20 point at which it is
no | ongewo®n1/t41e0 cover age of single carrier basestations P8BUSOIsLGT as
poi nt 530, a subsequent handoff can occur that will switch the npde of
communi cations fromsingle carrier to nulti-carrier. This subsequent
handoff conprises the infrastructure senging a handoff nmessage to the
renote station instructing it to stop single carrier conmunications 25 with

a set of at |eayl gABsdPHehk- BALHLEY #age tellat iR BSRoddd stRidegkd Waliyi -
carrier communications on the sane set of base stations in frequency bands
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traveling froma m xed coverage area to a nulti-carrier coverage area,

such as at apongle ®a0er Randrege ased sudhgeqbointBhifdof f message that instructs
a renote station,to gnl co nicate.with single.carrier base station's in
a single carrie hb? oﬁH]{: I ha@ﬁgﬁl B O%]é‘?f%im%fﬁgg P%Pgegleé‘t%? o VET a\b%?s
from a1l X@ecHiRY HaRd R @Fbd @ments iR Ofedatedth I P the QRIS AbRS, thaiClveas at
poi nt 550. This third handoff enbodi ment offers inprovenents over the 10

second handdsduseed eailiasntIni thertbiizg handefd enpeodivreritdtheatiapamisdian pewer

di scussed ear kLi.er,, In e third handaff e di nent,. the transm i On .power
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il lustrated that during soft handoff of a nethod of the second handoff 15
enbodi ment illastratedi thedr dusingbaefs kandofbnoBs3 meshpd bé thienseeand dwardadf

transmyk PG, dibilrlt2td QEki-b QAP BALE SRGioA B Wollld b~ RREFIL (53! to 2N
transmit power limitations) to supporting one more multi-carrier call, and
would not be able to support any more soft handoffs. However, given a
similar situation, in which a single multi-carrier call and a single soft
handoff are in progress, but wherein the single soft handoff is performed
20 according to the method of the third handoff embodiment, a multi-carrier
base station’s transmit power limitations do not cause such severe
limitations.  This is because, in the method of the third handoff
embodiment, the remote station in handoff is sent multi-carrier signals
rather than single carrier signals. Power transmission on a multi-carrier
25 Dbase station that was servicing one remote station prior to engaging in a soft
handoff with another remote station, as illustrated in FIG. 11, would
therefore transition to a power transmission state like that shown in FIG. 14
after initiating a soft handoff with another remote station per the method of
the third handoff embodiment. As shown in FIG. 14, the transmission
30 power for the remote station in handoff is evenly spread across the three
sub-bands of frequency band Wf. Thus, in this example, wherein max

transmission power level is 5*Pw, and wherein a soft-handoff per the



woul d not be able to support any nore soft handoffs. However, given a
simlar situation, in which a single nulti-carrier call and a single soft
handof f aveoi/ms4pr ogr ess, but wherein the single soft handp€f/usel/yerf or med
20 according to the nethod of the third handoff enbodiment, a nulti-carrier
base station's transmt power limtations do not cause such severe
limtations. This is because, in the me??od of the third handoff

enbodi ment, the renote station in hando is sent multi-carrier signals
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is in progress with ‘another renote station, it is seen that the
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described in relation to . 12. Another way in which the third handoff
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diversity on the forward link that is provided for by the method of the
second handoff embodiment. Additionally, the third handoff embodiment
only provides power control feedback from the multi-carrier base station
while in soft handoff. As discussed in reference to the first handoff
20 embodiment, a remote station that is only receiving power control feedback
from the multi-carrier base stations could inadvertently transmit at an
excessively high power, and thus interfere with the single carrier base
stations whose coverage the remote station is in. A solution to this problem
of power control can be provided in this handoff embodiment, as well as in
25 any others that have the aforementioned power control problem.

Such a solution is as follows. One or more of the single carrier base
stations BS1 that is receiving transmissions from the remote station
generates a message containing power control information related to the
remote station in question. The information can be as simple as whether

30 the remote station should lower its power, or it can contain more detailed
information on the signal being received from the remote station in

question. The single carrier base stations send these messages via the



diversity on the forward |link that is provided for by the nethod of the
second handoff enbodi nent. Additionally, the third handoff enbodi nent only
provi des wowsrs4eont r ol feedback fromthe nmulti-carrier baBer®sarilew while
in soft handoff. As discussed in reference to the first handoff 20

enbodi nent, a renote station that is only receiving power control feedback
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third handoff enbodi nent is used, wherein nulti-carrier communications are
used byl% hemulti-carrier base stations to transmit data to the remote station on the
forward link, and wherein single carrier communications are used by the
remote station to transmit data to the base stations on the reverse link. The
difference between the third handoff embodiment and the fourth handoff
embodiment is as follows. In the soft handoff of the third handoff
20 embodiment, the remote station transmits data in the single carrier
frequency band Nr both before and after the handoff. In contrast, in the
fourth handoff embodiment the remote station transmits data after handoff
in a single carrier frequency band that is different from the single carrier
frequency band used prior to handoff. This difference is illustrated by
25  transforming the labeling of the reverse link in FIG. 13 from Nr to a label of
| Nra, as shown in in FIG. 15. Whereas Nr is representative of the reverse
link frequency band used by the single carrier systems for remote stations
that are not in soft-handoff with multi-carrier base stations (and it is also
representative of the reverse link frequency band used by remote stations
30 involved in a handoff of the second and third embodiments), Nra is
representative of a single carrier frequency band reverse link that is located

outside of the frequency band Nr. By having the remote station utilize a



15 nmulti-carrier base stations to transmt data to the renote station on
the forward link, and wherein single carrier comrunications are used by
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handoff, it renoves the problem of possible interference in the single

carrier systematleovaragedamereathasizbeli rethe coveinges PoA SHRle capjer Rase

renote station. The. al,ternative sin . e ever. ld f n
band, - dBhot datay R fhecequreaed of a tE i ERiriore el YiRHAR, R BESHECRE
W in an exgplfey at?ﬂiﬁﬂimﬁbne@kﬂ@é& aht@lenaiti will exppodiinenthatNa ssifrdlar
contai ned outside th frequency band W. Al though the above describes a
handof f f r omeshod)| earc drer iL@edctﬂ/i\ﬁﬁ@@ff tieomy xeuliEcouiely CqQERREs &9 tnﬂlaiea s

both in the coverage of a_.sin [rier se 10 station and in the
cover age ofc%’we[’i%]l& ralsiaérpodlgégms:?%ﬁ)%ﬁ)é,a whi ch occurs, for instance, at

poi nt 520, one ski ke fourthigdort emiblodiment asicet thet Fahoie statiohatravelsttood
can be used to handoff frommmulti-carrier coverage to m xed over age, such
as at phi ntapeintat woidh it5ag10 longer in the coverage of single carrier basestations

BS1, such as point 530, a subsequent handoff can occur that will switch the

mode of communications from single carrier to multi-carrier.  This

subsequent handoff comprises the infrastructure sending a handoff message

to the remote station instructing it to stop single carrier communications

20 with a set of at least one multi-carrier base station BS3 and to begin multi-

carrier communications on the same set of base stations in frequency bands

Wf and Wr. In other words, the remote station is sent a handoff message

instructing it to cease all single carrier communications, and to only

communicate using the multi-carrier protocol on the forward and reverse

25  links. In such an embodiment, the infrastructure instructs the set of multi-

carrier base stations BS3 to switch its mode of communications with the
remote station to the multi-carrier protocol in frequency bands Wf and Wr.

A subsequent handoff that tells the remote station to only

communicate with one type of base station in that base station’s native

30 protocol is not limited to a remote station traveling from a mixed coverage

area to a multi-carrier coverage area, such as at point 530. Rather, a

subsequent handoff message that instructs a remote station to only



In the fourth handoff enbodi nment, once the renote station travels to 15 a
point at which it is no longer in the coverage of single carrier
basest at voa8/788L, such as point 530, a subsequent handof PCT/@R0OGIGr t hat
will switch the nopde of comrunications fromsingle carrier to

mul ti-carrier. This subsequent handoff conprises the infrastructure
sendi ng a handoff nessage to the renotggstation instructing it to stop
single carrier communications 20 with a set of at |east one nulti-carrier

base stati QBnﬁﬁﬁni’d&@etWit@ﬁﬁr@l@ébﬂia padd b@tionaaIn %gilé)rbﬁrﬂék Ph6tRAIe set
of base stations in frequency bands W and W. In othér words, "the renote

station i ssbenld he hsadofhemasreanete statson devieksgfrom & onbess covdrhgeianed o

carrier cormunilcat ians, and to_onl é comt'runl C’Ea%Ef‘Q using the multi-carrier
prot ocol off THerBIET HORHAST AU SECB S af RRUIU]AY- such an enbodi ment, t he

infrastructure TAStheUEhith NeariRite %fm%kﬂitrﬂﬁent‘}ét’lr{ei ﬁ{frﬁ)ﬁﬁﬁc_tﬁfr@tihgﬂﬁcés%é 0

switch its nbde of communications with the renpte station to the
mul ti - carriremope ostation, i viaf reedquewloff barsagyy tendepin tramurbitngerdathaimlof f

that tells the renpte station to.onl comuni cate with et f base
station | nACHECAEE SR ARIELaHRR piotogy) B, Braksicy antb i sid da Hegt
renmote st atrééé'i‘vf?%@ﬂai iRt dcbrMrie Bt ﬁﬁﬂﬁtﬁeﬁgieﬁgﬁ%téébﬁnmhgﬁé bard

coverage area, as at point 530. Rather, sequent handoff nessage
t hat i nstr Wt sfranr efrdeastsone | multi-caoney bage Giatied BSRCTT SO 3T tuBS

conmmuni cate_ w t ingl e rrier hase statiop.s .n a.single carrier ot ocol
shoul d be. CtRclahes: FufiBritEles 3R Fodives BSP tonb st Giasifbengadia o
a singli@ Cahé irBMmotOLRIREE o B fEMFdrdABnR! ufiRNthe> Baltl thrkfte %ﬂ%&&l fandof f
embodi ment, the infrastructure instructs the "5 renote station, via a
handof f nessgyency bapdghVi. t Addétionaliyngthgainfragiruciuvcoridsimoetswiliehe ansiltigl e
carrier praotocol,.in freque band .Nra, .and to begi.n., receiving data in
Zccor dance e bt ROUSEEY SRR oBer® e FPedSenty BEATE TR grogt

| east one phe tierhdfe | REHORSth SA@&Lr@InES3vithNahe NEfrASé I berdriére profRbl U] S
these nmulti-carrier base stations BS3 to begin transmtting data to 10 the
renot e st afieguenay baadfNravardse,ithr infrasiguctivee nnstricts ahei singler ctroien basa

car i of badteep Pehd ety RS e weRoB b7 B elebliR Bl Eretie it
from transmission from the remote station from frequency band Nr to frequency
band Nra (described in reference to the fourth handoff embodiment).
Although the above describes a handoff from single carrier coverage
to mixed coverage (an area that is both in the coverage of a single carrier base
20 station and in the coverage of a multi-carrier base station), which occurs, for
instance, at point 520, one skilled in the art will appreciate that a similar
method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548.
In the fourth handoff embodiment, once the remote station travels to
25 apoint at which it is no longer in the coverage of single carrier basestations
BS1, such as point 530, a subsequent handoff can occur that will switch the
mode of communications from . single carrier to multi-carrier.  This
subsequent handoff comprises the infrastructure sending a handoff message
to the remote station instructing it to stop single carrier communications
30  with a set of at least one multi-carrier base station BS3 and to begin multi-
carrier communications on the same set of base stations in frequency bands

Wf and Wr. In other words, the remote station is sent a handoff message



the renote station in accordance with the single carrier protocol in
frequency band Nra. Also, the infrastructure instructs the single carrier
base 15 sv@vi/m8ago BS1 i nvol ved in the handoff to switch itBCT@sEpt1B™N Of
reverse link transmssion fromthe renote station fromfrequency band Nr
to frequency band Nra (described in reference to the fourth handoff
enbodi ment). Al though the above describgg a handoff fromsingle carrier
coverage to m xed coverage (an area that is both in the coverage of a

singl e car ihefub@ase it2Qo Stask oAl agidgld) dhfief OMRhAUiehtiandUldrd GBr bhgy base
station), which occurs, for instance, at point 520, one skilled in the art
wi | | appr esommaunieite ausingi thar mudetdaoder grrobecol sud the foawdod fantr pamerse

[ti- ' t ' d h i npt 540 i nt
548, 1n-t noTRSuAr e e e ree TofeeR iR andtrull e s armdis " o
25 a poi nt catrithbsde batiohsBSI G IVFitdH ifshr Y &F a@n AfurS LAghSs CRithi he

basestations BSl1l, such as point 530, a subsequent handoff can occur that
wi |l swpbt chiemode stadtim tf theommultireatien psotocohin fiequency dandeWf end Wr.

mul ti-carrier. This ,subsequent .handgf f ri.ses the infrastructure
sending a handof‘%‘] ﬁlélggeé%‘gngt E\a{lﬂg?fr eﬁ)@tte%glrfgt the oﬁelﬂ‘?gfrﬁ&%% ? P81%¢t op
single caricbfimeareue 6atH Ohe Bhelof hade SeAtiGh Al thfABhsOREHIN'S infReL | er
base station BS3 and to begin rmulti- carrier conmunications on the sane set
of base st #ptaeel imnet diguised ffolraramote ptation traveling driwr awoied, caveeagenot e
station is sent a hagﬂgff nessage WO Q17 7844Q PCT/USOL/ 15"'%0 ﬁ6

i nstructin§d 7t Po?c A% WY ard Far S AL RH9Bhs2 0% ndRethesni 3
comunijgat gubSédiferit NGafdbtf -Biagdaber REOtASRLCRN o hen{nevassiahndé CYalpe
links. In such an enbodiment, the infrastructure instructs the set of

mul ti- car cPEIMBaiEtet WithopingBsgariershagecstatios snisde@ singhowatnierc protesl wi t h

the 5 reno S | Q. the multi-carrie rotocol in. frequency bands W
and W ASoBiEh: Hetishaprepie Bt kel B o Spetl SRt AR o
conmuni catasmglfe @Bfet yPrerabe BARES sGlabs @PpbitdsAt base station's native
protocol is not limted to a renote station traveling froma m xed coverage

area to a nulti far ApdHusbotesagaenrain, sietion iy ahapdphit of30 fifkataadofh 10
cubseasen’ HRURHAT ERRE, bt 85K U ToBrbCTRAG LSk RRER Y it oco
that the single carrier base stations do not receive the reverse link
transmissions from the remote station that is in a soft-handoff. Although it
is desirable that the single carrier base stations receive the single carrier
transmissions from the remote station for path diversification, it may be cost
20  prohibitive to configure the single carrier base stations BS1 to receive single
carrier signals in two frequency bands, one for remote stations not in soft
handoff, and one for remote stations in soft handoff. The fifth handoff
embodiment can be used in cases wherein it is not desired to perform the
configurations needed to receive transmissions in two frequency bands on
25  single carrier base stations BS1. In the fifth handoff embodiment, the multi-
carrier base stations BS3 and the remote station perform the same way as in
.the fourth handoff embodiment. The only difference, in fact, between the
fourth and the fifth handoff embodiment are that the single carrier base
stations BS1 is not used for communications with the remote station after a
30  handoff of the fifth handoff embodiment.
In the fifth handoff embodiment, the infrastructure instructs the

remote station, via a handoff message, to stop communicating with the



shoul d be used when a renote station travels froma m xed coverage area to
a single carrier coverage area, such as at point 550. FIG 16 illustrates a
renote stva®Ooom84dm a handoff of a fifth handoff 15 enbodi PEUSOMNIBTON
differs fromthe fourth handoff enmbodinent only in that the single carrier
base stations do not receive the reverse link transm ssions fromthe
renote station that is in a soft-handoffy Al though it is desirable that
the single carrier base stations receive the single carrier transm ssions

fromthe remile catdéd Basd QatiBAS BSAT MR 36 _fbiegﬁ{ tr@Rs i bt BHaRL i @8éordBnce
prohibitive to configure the mqr:)gl_e carrier base stations BSl to receive
singl e cawith@ singleatarrien pratodol dguizegqyersamand dire, ind todrmgie receivimgs not
in soft h%%goff and one f.ﬁ£ remt e stationﬁ% iﬂ.s?ft hand%ff. \rl'/ié)e fifth
handof f  ertSAThBATOEARCHE L API-EATEST RRCEPRIT (rqakteRey Bapd; Wi drom
perform thet e bl nRbItPRSrrecHRf 5@HOACBEYE I AR 8§A1 &ABoUIMENR the
frequency bands on 25 single carrier base stations BSL. In the fifth

handof f Sentiofiastencture hdénstuiets - theaer innlibaserient abdsenstaB®disarib3t Ho hegit e

oni'y dif§ergiteine £ 1 B Amntk koo the A EROIRK  GHr ARG
enbodi ment @fgerd PAGIICBE iRl RBLBeRAF THRd hgEe AUALiLARRY BIhe ! iRQirugage f OF

comruni cations with the renote st'ation after a 30 handoff of the fifth
handof f entiestraea tthegenmuthig-chifiehbarendtatione P63 dp rhegin re¢riving rewtrseidini e

i nst t h . t tatli i handof f . t i cati
W Eh the W DETHERR0S A UL Fartalhy SasIC T e dHRRRTY evE e SR Ghaegey
and t o1begigrotdcan &Uifﬂ'ehh@ﬂ?ﬂbaﬁd NYa2CAROIARE EnfritbirllcRirs ] inglrdcaaite §irn§1e

protocol in frequency band Nra, and to begl.n receivin data in accdordance
wi th a nul chrderr baserstprions 6l torstop aguununidasions Withrtbmrentote statiorone

Tnstruct s these THH BAcarie o BT ABReSBRSR i Syt i RREHY ot o
to the remiadePémBbdafehh® fhat vevdalsé litk pehngiveRanMidtiwas dhdvRledPhpt ocol
in frequency band WE_Additi onal Ia_, the infrastructure instructs these

g

nul ti-carritke Payéh shandeffs edBodionertgiis meteipvesentr avethe fifthk handoff

transm,gsiq omthe renote station in accordance with the single carrier
AELIAS R

10 prof col® uténcy band Nra. Also, the infrastructure instructs the

single Although the above describes a handoff from single carrier coverage

to mixed coverage (an area that is both in the coverage of a single carrier base

station and in the coverage of a multi-carrier base station), which occurs, for

instance, at point 520, one skilled in the art will appreciate that a similar

20 method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548.

In the fifth handoff embodiment, once the remote station travels to a

point at which it is no longer in the coverage of single carrier basestations

BS1, such as point 530, a subsequent handoff can occur that will switch the

25 mode of communications from single carrier to multi~carrier.  This

subsequent handoff comprises the infrastructure sending a handoff message

to the remote station instructing it to stop single carrier communications

with a set of at least one multi-carrier base station BS3 and to begin multi-

carrier communications on the same set of base stations in frequency bands

30 Wf and Wr. In other words, the remote station is sent a handoff message

instructing it to cease all single carrier communications, and to only

communicate using the multi-carrier protocol on the forward and reverse



carrier base stations BS1 to stop conmunications with the renote station.
The di sadvantage of the fifth handoff enbodi nent over the fourth handoff
enbodi newoby784@t reverse |ink path diversity that was prpoviudediibyw the
fourth handoff enbodinment is not present in the fifth handoff 15

enbodi ment. Al though the above describes a handoff fromsingle carrier
coverage to mxed coverage (an area thag is both in the coverage of a
single carrier base station and in the coverage of a nulti-carrier base

station), whikeh 18G&¢hSan fe?r{bodlf}?érﬁ”q?ﬁ% 1ﬁfra§t9h9ﬁ1r§2i95trﬁ@{% #e bdisst Aifihe art

will appreciate that a simlar 20 nethod can be used to handoff from
mul ti - car r icerrieobaseagfatipos BSGedo sydvdr digemsiec lof amnipdcationstOwvith ploé nt

548. Intheflfth handof f iment, once fhe_.renote stati travels to a
Soint ot wRERs Pt e hehicAr e pROpePhL obenty bandanVf ghd Wr

basestations BSl, g§ u@ﬁtpﬁhﬂaoﬁ«?%a@ $uS egye Nto @R okia thaD P&C%ls‘“at

will switch the 25 no commnlcatlonsfromsmgecarrler
mul ti - carricommihicte swhr&ecqmentypeanﬂd:fase oo sies thate base lsmtmn:tnerteve

sendi ng a hando message. the renote statio ructing i.t to stop

S ol o car PEEIOCEbiAmtint LATHsheo M amON SHiop: rapIRadfOBha THURH cofrager
base statiqReBI3 anghifiQ-BedLn %B‘Uegégec(ﬁ’ '%ﬁc OM@ &ht 0550, onR biifersage set
of base stations i1n frequency s~ 30 ot her wor s t he

renote st alsubsequemehandoffarrdeﬁsfagaeﬂ;]s@tganshrus’dsr wctneng)tet daticease ahly
single carrier co ni cations, and.to, onl .copmuni cat e. usi ]?ﬂgethe

mul i - car r CBRBRBIGEDI Wl PRES RiistdPaT OB B iIBEle aBger Drotocol
PCT/ USB/ 118581 B8 vsbilkPhor A Silteay SDRER ot B AT ASVHHEL HEE: to

instructs the set of multi- carrier base stations BS3 to swtch its node
comuni cat iacisgleicatrietheovearegetreas suth e at potrtes50ul ti - car rier protocol in

frequency bands nd W. A, sub uen dof f that I1s.the retmte
st a'?l on %/o onl y ¥ Ahak i 1R ‘g ‘53%@ oY aggsgf st piRTeMeRtRedhase

station's Rahive eRibYdRERNtd %nn%lén Fh SRrivar@ Hr R fhsthidbions ddRMel thg

froma mixed coverage area to a nmulti-carrier coverage area, such as at
poi nt 530. tlmam‘elrtl,—carles‘upsﬁqudn@ahnaeiyofche mhsdd’g%htmbodnnemhs):tls farwanbt e

i;?? : 2?5 &n%c\élath %’Imrrs]itgraftr btohhshggslﬁg eazgrlneerr ancf G’Ehgtr%gl t?-r(]:alsrularn base 'ngle
stations. However, in the handoff embodiments described below, forward
link path diversity from both the single carrier and the multi-carrier base
stations is achieved, at least in part. This is done by configuring the single
carrier base stations BS1 to transmit signals to the remote station in the

20  single carrier frequency band Nf, wherein the transmitted signal is a portion
of a signal that was generated in accordance with the multi-carrier protocol.
The concept of transmitting in a single carrier frequency band a portion of a
signal that was generated in accordance with a multi-carrier protocol is
described below.

25 A multi-carrier frequency band can be logically partitioned into
several sections, each having a frequency bandwidth of a single carrier
frequency band. In an exemplary system wherein Nf is contained within
Wi, and wherein single carrier transmissions are performed using the 1X
protocol and multi-carrier transmissions are performed using the 3X

30  protocol, the multi-carrier frequency band Wf can be partitioned into three
sub-bands, which will be called Wf,, Wf,, and Wf_, wherein each sub-band

has a width equal to that of Nf. In an exemplary case, Nf is the same



10 shoul d be used when a renote station travels froma m xed coverage area
to a single carrier coverage area, such as at point 550. One thing that is
not provivdedi/fsamo i n any of the aforenentioned handoff enbODUSENt1370i N whi ch
the forward [ink transm ssions adhere to the nulti-carrier protocol
(nanely, the third-fifth enbodinents) is forward 15 link path diversity
fromboth the single carrier and the nmuhkgi-carrier base stations. However,
in the handoff errbodi ments descri bed below, forward 1ink path diversity

from both ¥ |b‘§n€lae[sr WaT._PRdvdvae, iyl b&ﬁhﬁbﬂto@@ﬁﬁf orgd @h‘ll‘éﬁslri the

achi eved, at eas part.“This is done by configuri the sing carrier
base st at i enis tBSINE otalnr henspresserm gmavbeteowiftenr bt eFKE. aﬂa)nﬂlms’(rath@ th@s
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frequency band ‘a portion of a signal thaf was generated i accordance with
a mul ti5casitigle cpruerofrejuescy tesd MbellGel Tmals@ shawmbhi exmmp]jaey thuéiuency

band be | II tit t
Fr equency GRHN TERRS P, B eREl PeTAraritE dt Whoy e atal v N REHRFar y
system wheb@lﬁrd}b‘enl %chm&l ﬂﬁ@e%&%gnaw ,gand whgpekn gh '@f GAitheks

transnissions are pefformed using the 1X p¥otBcol and multi-carrier
transmi ssi dressaxittegeoter eeir usispgetive sB-BOdpr & ohds ,casdh &, risilttansraitiéder

frequency band W can be titio ed into b-

(1 eauency BeRdet o B R LILOISE IO o epiRiBRgs et SRt be
of Nf. 10N amiRyRHRRNE %h@ae?ﬁlzre%ulti;—c&ﬁ?ersﬁgﬂa @M@%@l BETMSh 43P 39
frequency band as WC. However, it Wl und 00d by one skilled in the
art that Nfregaenpe bpnés‘éflﬁtb}aﬂxam‘aﬂa sartier rbage staﬁfms 194isi 4 postioatefsthéi s
exenpl ary case
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accordance with the single carrier protocol additionally transmit the portion

of the multi-carrier signal that was transmitted in the frequency band Nf by

the multi-carrier base stations. For instance, if a signal were generated and

transmitted as per FIG. 17a, then in the handoff embodiments described

20  below the portion S, would be transmitted by single carrier base stations, as

illustrated in FIG. 17Db.

FIG. 18 illustrates a remote station in a handoff of a sixth handoff
embodiment. The sixth handoff embodiment has all of the communication
paths of the third handoff embodiment, plus it also has a single carrier

25 forward link communication path between the single carrier base stations
BS1 and the remote station. As illustrated, portion S, of the multi-carrier
signal is transmitted over these single carrier forward link communication
paths. Portion S, is also transmitted as part of the multi-carrier signal
transmitted by multi-carrier base station BS3.  The sixth handoff

30 embodiment has all of the advantages of the third handoff embodiment,
and additionally it has the advantage that it gains additional forward link

path diversity from the single carrier base stations for the portion of the



over frequency band Nf (also known as W). In the bel ow descri bed handoff
10 enbodinents, the entire nulti-carrier signal, signal S, wll be

transm t tved 0i/78444 r equency band W by the nulti-carrier baBeT/®s@tilens. S, is
a portion of the signal, S, generated in accordance with the nulti-carrier
protocol, that is transmtted in the frequency band Nf. To gain path
diversity for this portion of the signzzlg i n the bel ow descri bed handof f
enbodi ments, the single carrier 15 base “Stations BSl that are transmtting

signals in frequency band in . accorda i.th th ngl '

pr ot ocol ad&P&l'Gﬁ’érll%/‘Sl S{m%‘fﬂi lsttﬁ@n?)rgf’t??d;%% '%4"}%*%‘8 ﬁlu Jfli C(‘;l%ﬂglre fiag[el{rd gl{n 1S

that was trapspt bh&dsfiohbe frequency band Nf by the nulti-carrier base
stations. For instance, if a signal were generated and transmtted as per
FIG 17a, then ilm thaesibt&mdimhﬁO&grm@Odémeslt désidei peasend ingeRiPRh@ PBHL-on S,

woul d be transmtte y single.carrier b (] ' Lahfflel N
FIG 17b. FyaEries Bap Pﬁs‘iaf‘éﬂ‘gasteés PENO? é‘a%?iﬁi‘%%%aﬁggﬁﬁ%ﬁ%ﬁ‘*&%?ﬁéa TSIXtR
handof f 5 enhogdbien} codhfugi MaRshandes fdeatadaseitiahes vith ofsiddle carrier
comuni cation paths of the third handoff enbodinent, plus it _also 1{I;\a,s a

singl e carrpmto@8 froMVir andli ok begimedetdngodaiaih ansp et Weths pngiwlti-
carrier base stations . BS d th t t at.i . i ]| . I ateRGh, ti
S of "L he riarTier papel W ESe & feRmnate ol Sl R NGRS, BREL O°

forward Ii ”ﬁaﬁ&&ﬁ%@s‘éa«%& Qo RatiRts BY téMBtSetdtBrats beginarseivingdias ipar t
of the multi-carrier signal transmtted by nulti-carrier base station BS3.

The sixth hamdoddnc@0owsthh adinmelii-caraier aproterok e NdvERPa s lesst (e sH8le

handof f_ embodi ment , d addjtional | y j t t ] lns
addi 01 ool FUFREPass SO dRonearrbogiRi e SRR AN Eingkude
stations fof, bAR PRESHEThEFpdriienV\Of Ghe 78448 BRI bEALS i3 The sifigle carrier
multi-carrier signal that i's transmtted by both the nulti-carri er]tyzﬁg)%

singl e carfrieguencys bastab¢aanse tha singlesicrirem hawkostations o8P heHill opn

resent invention,.a multi-. ' h f di ' t f
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i n accor danggpyidikedt,S HW kEnieRé IStatioRriotsaeply iinsthictedntb tecdrbgitne rexdéievi ng
data in accordance with a nmulti- carrier protocol in W fromat |east one
nul ti - cHr ri swlbaserist wigoal Bem thaesingle carrier base stations BS1. In such an

embodiment, although the remote station will not be able to decode the

entire expected multi-carrier signal from BS1, but rather only the portion

that was transmitted by BS1, the absence of some of the signal will not

negatively impact the remote station when decoding the entire multi-carrier
20 signal as received from BS3.

In the sixth handoff embodiment, the remote station uses the same
frequency band Nr for the transmission of data after the handoff as it used
for the transmission of data before the handoff. In such an embodiment, the
infrastructure instructs these multi-carrier base stations BS3 to begin

25  transmitting data to the remote station on the forward link using the multi-
carrier protocol in frequency band Wf. Additionally, the infrastructure
instructs these multi-carrier base stations BS3 to begin receiving reverse link
transmissions from the remote station in accordance with the single carrier
protocol in frequency band Nr. Also, the infrastructure instructs these single

30 carrier base stations BS1 to begin generating signals in accordance with a
multi-carrier protocol and to transmit in frequency band Nf the portion of

each of these signals that will be similarly transmitted in frequency band Nf



handof f message al so instructs the renote station to begin receiving data
in accordance with a nulti-carrier protocol in Nf fromat |east one single
10 carri avObua%46t ati on BS1. | n one enbodi nent the renot ePET/ABIIGN3T0S
instructed to only decode the portion of the signal that occurs in the
single carrier frequency band because the single carrier base stations BSl
will only be transmtting a portion of the multi-carrier signal. In an
alternative enbodinent, the renote statdlon is si nply instructed to decode

the entire 15 nulti-carrjer.signal. fr t he.si,ngl e canrier se t 1.ons
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entire multi-carri % léE&Isi %nal as re%\:iv d fromBS3. In the sixth handoff
enbodi nent , TEAEERGFHBR B fogn the LempffRs frequency band Nr for the
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transmissions fromthe rendte station in accordance with the single carrier
prot ocol i nnfetkodeomy ixandedr to Aaswloff Haoimfmadtircattien ecawesagacios Miresk

single 30 carrier base statiagn 1 to. i,bh generating signals in
accor dalte GPYEH2ge FHE tals-%d?qlpgﬁﬁgPBPBHg‘eﬁgnd to transmit in frequency band

Nf the portion of Rﬁégﬁtﬁfha%ﬁeﬁib@)ﬂ%&nﬂtﬁ{ce%@ relgotei d¥atian Ityatalansmi t t ed
in frequency banci(l WO 01/ 78440 PCT/ US01/ 11370 41% the multi-carrier
@

base stati opsirBS& whidigiteiscay lomgerbias thetcaverags BSsingle carmet Pagastfions t her
Cont i mu 1 obsturu e monst 830 X SEGifnt Rend Bl aec bl S e ¢ o1
the renote {aid BF BoinihedHbiherdRoveindesceibrs & handafdarfieom sThd e
carrier coverage to m xed coverage (an area that is both_ in the coverage
of a si b§l esubseguent basdoff comprises the infrastructure sending a handoff message

to the remote station instructing it to stop single carrier communications

with a set of at least one multi-carrier base station BS3 and to begin multi-

carrier communications on the same set of base stations in frequency bands

Wf and Wr. In other words, the remote station is sent a handoff message

20 instructing it to cease all single carrier communications, and to only
communicate using the multi-carrier protocol on the forward and reverse
links. In such an embodiment, the infrastructure instructs the set of multi-
carrier base stations BS3 to switch its mode of communications with the
remote station to the multi-carrier protocol in frequency bands Wf and Wr.

25 A subsequent handoff that tells the remote station to only
communicate with one type of base station in that base station’s native
protocol is not limited to a remote station traveling from a mixed coverage
area to a multi-carrier coverage area, such as at point 530. Rather, a
subsequent handoff message that instructs a remote station to only

30 communicate with single carrier base station’s in a single carrier protocol
should be used when a remote station travels from a mixed coverage area to

a single carrier coverage area, such as at point 550.



station and in the coverage of a nulti-carrier base station), which occurs,
for instance, at point 520, one skilled in the art will appreciate that a
simlar webhodscan be used to handoff from nulti-carri er PCDWSO1ZYE70t 0 M xed
10 coverage, such as at point 540 or point 548. In the sixth handoff

enbodi ment, once the renote station travels to a point at which it is no

| onger in the coverage of single carriefp basestations BS1l, such as point
530, a subsequent handoff can occur that will switch the npde of
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communicate with single carrier base station's I'n a single carrier protocol

shoul d be Rafbadiveesityaforeths postien iadthe rmulii-sarriemsignal sthat éotrenamitigdea t o

a single | co r SuUC a ol nt, 550, WO 01/ 78440
PCT/ USO1/ i%é%ﬁ{ﬁbe ﬁﬁ%ﬁ%ﬁfzf?ﬂ&sﬁﬁsggﬁn rrelﬁ%steeStggg?&f‘on in a handoff of a
sevent h handof fIn egbegihmeindofheesbyaithbnt)anlef infeasaditiBntinkasicd 1thef the

communi cation paths of the fourth handoff enbodinent, plus it also has a
si ngl e cariemeter gafo Minka commdefif cmaseagpatth hnginetansméttinighgtlatacanri er 5
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reference to the fourth handoff embodiment), and to begin receiving data in
accordance with a multi-carrier protocol in frequency band Wf from at least
one multi-carrier base station BS3. The handoff message also instructs the
remote station to begin receiving data in accordance with a multi-carrier

20  protocol in Nf from at least one single carrier base station BS1. In one.
embodiment the remote station is instructed to only decode the portion of
the signal that occurs in the single carrier frequency band because the single
carrier base stations BS1 will only be transmitting a portion of the multi-
carrier signal. In an alternative embodiment, the remote station is simply

25  instructed to decode the entire multi-carrier signal from the single carrier
base stations BS1. In such an embodiment, although the remote station will
not be able to decode the entire expected multi-carrier signal from BS1, but
rather only the portion that was transmitted by BS1, the absence of some of
the signal will not negatively impact the remote station when decoding the

30 entire multi-carrier signal as received from BS3.

In the seventh embodiment, the infrastructure instructs these multi-

carrier base stations BS3 to begin transmitting data to the remote station on



carrier signal is transmtted over these single carrier forward |ink
comuni cation paths. Portion Sc is also transmtted as part of the nmulti-
carrier av@nabtsssr ansmitted by nmulti-carrier base station BSBUSHE3®event h
handof f enbodi nent has all of the advantages of the fourth handoff 10
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mul ti-carr nal as received fromBS3. In the seventh enbodi nent, the

i nfrastruc tructs these nulti- carrier base stations BS3 to begin
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Nra. Also, 1ﬁs'ﬂ§nce, at point 520, one skilled in the art will appreciate that a similar
method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548.

In the seventh handoff embodiment, once the remote station travels

20 to a point at which it is no longer in the coverage of single carrier
basestations BS1, such as point 530, a subsequent handoff can occur that will

- switch the mode of communications from single carrier to multi-carrier.
This subsequent handoff comprises the infrastructure sending a handoff
message to the remote station instructing it to stop single carrier

25 communications with a set of at least one multi-carrier base station BS3 and
to begin multi-carrier communications on the same set of base stations in
frequency bands Wf and Wr. In other words, the remote station is sent a
handoff message instructing it to cease all single carrier communications,

and to only communicate using the multi-carrier protocol on the forward

30 and reverse links. In such an embodiment, the infrastructure instructs the

set of multi-carrier base stations BS3 to switch its mode of communications



5 infrastructure instructs these single carrier base stations BS1 to begin
generating signals in accordance with a nulti-carrier protocol and to
transm t weof/rsaguency band Nf the portion of each of thespCBU§MAI1370t hat
will be simlarly transmtted in frequency band Nf by the nulti-carrier
base stations BS3. As well, the infrastructure instructs these single
carrier base 10 stations BSl1 invol ved irlthe handoff to switch its
reception of reverse link transm ssion firom the renmote station from

frequency ban r to fre ency and a. Al thog he V, a
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both in the. pve fage of a single carrier base 15 station and in the
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poi nt 520, one ski Isubdeduertthéaadoffni thatari?pﬂecﬂh@e remte a %@Wfllarto PEFod
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subsequent ahaad’mf fa caultbcamiert kaverage! are@wSﬂJ@h ﬁﬁ@tn’édmtoﬁﬁ"@onﬁﬁﬁh@fat Rons
from singl e rier to -carrier Thi bsequen es
the infrast¥ ﬂF%“"sel?ﬂﬂ% aTIESPREST fthafellls % 0 tﬁeénfs %]tg?]:s){‘lat ron o1y
instrueti ngcciﬂ‘lrﬁiﬁuﬁﬁ’@p V\%ﬂ'{]%llﬁ% ledddrtief bhSe GRINBHS GAt 4 BRSlw ¢dirier gRotedolat
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15 base stations and the remote station. As illustrated, portion S, of the multi-
carrier signal is transmitted over these single carrier forward link
communication paths. Portion S, is also transmitted as part of the multi-
carrier signal transmitted by multi-carrier base station BS3. The eighth
handoff embodiment has all of the advantages of the fifth handoff
20 embodiment, and additionally it has the advantage that it gains forward link
path diversity for the portion of the multi-carrier signal that is transmitted
by both the multi-carrier and single carrier base stations.
In this embodiment, the infrastructure instructs the remote station,
via a handoff message, to begin transmitting data in accordance with a single
5  carrier protocol in frequency band Nra (described in reference to the fourth
handoff embodiment), and to begin receiving data in accordance with a
multi-carrier protocol in frequency band Wf from at least one multi-carrier
base station BS3. The handoff message also instructs the remote station to
begin receiving data in accordance with a multi-carrier protocol in Nf from
30 at least one single carrier base station BS1. In one embodiment the remote

station is instructed to only decode the portion of the signal that occurs in

the single carrier frequency band because the single carrier base stations BS1



5 protocol is not [imted to a renote station traveling froma m xed
coverage area to a nmulti-carrier coverage area, such as at point 530.

Rat her, avosufmequent handof f nmessage that instructs a repOT/@S&tABTIOON t O
only comrunicate with single carrier base station's in a single carrier
protocol should be used when a renote station travels froma m xed
coverage area to 10 a single carrier cgyerage area, such as at point 550.

FIG 20 illustrates a renpte station in"a handoff of an eighth handoff
embodi ment i@y gk Qriﬁé?ﬂﬂiiﬁgeﬁbnggfﬁ@moih%ﬁe ahlulQfcathier SORRUNi fAtd PN
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enbodi nént thaentit¢ eppedthé raditbndmipe sigrialtfhent BS1, b uiaradiod:f o2y debootitiemnt

and addi ti 1y it has.th dvantage that it gains forward link  path
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message, t eigrajian receimediftemnBSdata i n accordance with a single 25 carrier

protocol in frequency band Nra,.(described in reference to the fourth .
handof f enbodi rrg‘ﬁtﬁu, i) tegwbcéb‘%ﬁrﬁec v iINgHRR U 5@%&5@5%@}}?’3‘ .
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base station BS3. The handoff nmessage also instructs the renote station to
. begi n recéheifogwded dinln waingrdenowilii-cadrrizr npratoeclain i freqersyoband i W ENF
from30 at | t _one single carrier base station BSl. In.one enbodi.nment the
remote st AdRonelyndhe ofmitistan itidte RS BOTEIORIS hoRe AGAAT ¢ hat
occurs in Bsbetosb%%ee@wh}?e&e&é@@%%waﬁmsnﬁ%aﬁ%ﬁl e réhbe StaGidhr i8r
base stations BSl 01/ 78440 PCT/ USO01/11370 45 will only be transmtting

a portion efcardeneemith thae single simgiealprotorodin fadquementbarnel Mmbodilsenthe t he
renote,stati cted to,decode {he epgtjre rﬂgti-c rrier
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generating signals in accordance with a multi-carrier protocol and to
transmit in frequency band Nf the portion of each of these signals that will
be similarly transmitted in frequency band Nf by the multi-carrier base
stations BS3. Single carrier base stations BS1 are instructed to stop receiving

20 single carrier communications from the remote station.

Although the above describes a handoff from single carrier coverage
to mixed coverage (an area that is both in the coverage of a single carrier base
station and in the coverage of a multi-carrier base station), which occurs, for
instance, at point 520, one skilled in the art will appreciate that a similar

25 method can be used to handoff from multi-carrier coverage to mixed
coverage, such as at point 540 or point 548. Example 3, below, speaks to this.

In the eighth handoff embodiment, once the remote station travels to
a point at which it is no longer in the coverage of single carrier basestations
BS1, such as point 530, a subsequent handoff can occur that will switch the

30 mode of communications from single carrier to multi-carrier.  This
subsequent handoff comprises the infrastructure sending a handoff message

to the remote station instructing it to stop single carrier communications



such an enbodi nent, al though the renote station will not be able to decode
5 the entire expected nulti-carrier signal fromBSl, but rather only the
porti on woat7ssas transmtted by BS1l, the absence of sonePof/Usée1370gnal
will not negatively inpact the renote station when decoding the entire
multi-carrier signal as received fromBS3. In such an enbodi nent, the
infrastructure instructs these multi- 1Qccarrier base stations BS3 to begin
transmtting data to the renote station on the forward Iink using the

mul ti-carr ivgth R @tQsFolt 1basti stauaneycdiand Mse stAssh BBNRhA o B8N multi-
infrastructure instructs these nulti-carrier base stations BS3 to begin

recei vi ng caxders eominmitnica tinssi as itheh safneosattdiebase sbatéonst @it frequency hends dance
with the sipgle rier protocol, in frequency band Nrg. Al so, .the 15
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m xed coverage (an area that is both in the coverage of a single carrier
base st at iremoh dtationt tee the venléigearofer spraibedl-ivafrefieendyabands ®ifi andl, Wwhi ch

occurs, fo instance, at pojn 20, one skilled in the art will appreciate
that a si nﬁxﬁmé%an@%ﬁ% sg%ﬁk%go E}?é‘d to handoff fromnulti-carrier coverage
to mxed coveragesySdtcfhens AhnBOHNhAA0 (Alls POt r&hBte EXAIRIC & BAlPW

speaks to this. In the eighth handoff enbodi nent, once the renpte station
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should be used when a remote station travels from a mixed coverage area to
a single carrier coverage area, such as at point 550. Example 4, below, speaks
to this.
FIG. 21 is a flowchart of the methodology that can be used to
20 implement each of the handoff embodiments described above for a non-
homogenous network. In block 2110, each base station generates a list of
neighboring base stations using methods known to one skilled in the art.
The process then proceeds to block 2120.
In block 2120, each base station transmits a neighbor list message
25  containing the list of neighboring base stations. The neighbor list message
will indicate the pilot offsets of each of the neighboring base stations, and
will either explicitly or implicitly indicate the frequency at which each
neighboring pilot signal is transmitted. Additionally, the neighbor list may
state additional information about each neighboring base station, such as
30  whether it is a single carrier base station or a multi-carrier base station, or

the frequency bands it uses for communication.  Alternatively this



W and W. In other words, the renpte station is sent a handoff nessage
Instructing it to cease all single carrier conmunications, and to only 5
comuni ca¥@ouss4mg the multi-carrier protocol on the forwardr/asa/riexwer se

i nks. In such an enbodi nent, the infrastructure instructs the set of
multi- carrier base stations BS3 to switch its node of comunications with
the renpte station to the nulti-carrieyyprotocol in frequency bands W and
W. Exanple 2, below, speaks to this. 10 A subsequent handoff that tells
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nmet hods known to one skilled Iin the*art. The process then proceeds to

bl ock 2120transnbitock 120ne eavibdsbizergt dhieorretrains mitdtsora  nalyghbwmshiiss

nessage 25 containing,the list of neighboring base stations. .The nei ghbor
st Hess agRloRAtoR REMEsgne etran sy TP OITEoR TR O HeiGAb 6 no
base st@gti @S iveGbovk! 4 p%éi_dé@érrﬁff\%@ ethiles Mol (éﬁﬂl?{ hE'ﬁﬂeYdétBHhﬁ?ééﬁ Ec'}'fo

frequency at which each "neighboring pilot signal is‘transmtted.
Addi ti onal Ithreshhls, nad ghhdd be snoway tosermt ekilbidi in dhalarinf ok macthod abyolit

bace Stati GAPBILS o BrataRR a SBRa S Eeakthomceniirerton FrdRen oS BInERS | (
gzgft T gaaf%?lﬁ?gétgrgﬁtgg i%fg%hgagﬂ?{r ;féggystc}éggaoxi@a%ﬂgéﬂ%ﬁgg@i ﬁgﬁﬁ%‘ ﬁ%\gg a47
pagi ng chaPA&502, 2% fitech ovs?/ 1Had0(hrodeentstied ‘BMBEFKIQR3AND APPARATUS

15 FOR GENERATING PILOT STRENGTH MEASUREMENT MESSAGES”,
assigned to the assignee of the present invention and incorporated in its
entirety herein by reference. Other methods for generating signal strength
measurement messages containing pilot strength information are known to
those skilled in the art. The process then proceeds to block 2140.

20 In block 2140, the base station(s) receive the signal strength
measurement message. These base stations provide the signal strength
measurements to the BSC responsible for handoff. The process then
proceeds to block 2150.

In block 2150, the BSC examines the current state of communications

25 with the remote station along with the signal strength measurements
received from the remote station, and uses these to determine the new
Active Set, the set of base stations with which the remote station should
communicate, and whether or not to initiate a handoff in accordance with
one of the above-described embodiments. For example, if the current state

30 of the remote station is such that it is only in communications with
narrobwand base stations, but the received signal strength measurements

indicate that the remote station is receiving strong pilot signal



In block 2130, the renpote station receives the neighbor |Iist nessage and
nmonitors for pilots at frequencies and pilot offsets indicated by the 5
nei ghbor W st/78m&sage. The renote station gathers signal BCT/@®Rg11370
measurenents of the pilots it is attenpting to detect, and places this
information into a signal strength nmeasurenent nessage, which it then
transmts. In one enbodi ment the renoteygtation only transmts information
in the signal strength neasurenent nmessage for signals that are 10 received

above a prendaigemiened E&heﬁla% ds1fn%}éc @aﬁ?erpl')ﬁ's‘edﬁtaﬁbﬁb ngdd EsbhP a tAneghol d,

as woul d be known to one skilled ih the art). A nethod and apparatus for
gener ating Carrsergh@e @anengtﬂnemdhsuB%ewpuMssmecarhemdufﬁgof thd ebower engt h
|nforrrat|o di O[qdanS Pat ent Application No. 09/502,279, filed
on 2/ 10/ 20 Scr lFf‘df B MSETHOD AND APPARATUS 15 FOR GENERATI NG PI LOT
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ilot strength infornmati on are, known to those skilled iin the art. The
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provi de thé signal strengt h measurenents to the BSC responsi bl e
handof f. Ththgr tees thathehthepalooeeedescribed| exokodixBents| nLliitewiseZiIfSﬂle nlaw BSC

th t state of t th t tat
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stations with which the renpte station should communicate, "and whet her or
not to ini ahdtihose mmnhlqarhlomamldm&ee mmlrm-cmerqbrqth@labhweaa@wg}bed

enbodi nent s i f. the curre sta f the renote, sta onls
Soon i et angitoff P bR nertotmed, tonal pf 1 handbaD oty sAgh ft ot hut
the recei vggose- aegénb%td RGOl RARHT ?ﬁ&ﬁé& cés'éﬁ“ &@t@d@@é %fckt%eaé% Wigogt ation
IS receivi nglst rong pilot signal WO 01/ 78440 PCT/US01/ 11370 48

measur emen28lboth fromsingle carrier base stations and froma nulti-
15 In all other cases, a handoff of the above-described embodiments will
be performed, and the process proceeds to block 2160. In block 2160, the BSC
instructs at least one base station to transmit to the remote station a handoff
message containing instructions for the remote station to perform a handoff.
In one embodiment, all base stations that the remote station is currently
20 communicating with transmit the remote station a handoff message
containing instructions for the remote station to perform a handoff to the
new active set). Depending on the radio propagation environment of the
remote station, and depending on which particular handoff embodiment of
the above-described embodiments a carrier wishes to use, the handoff
25 message will contain the appropriate subset of handoff instructions as
described in reference to the particular handoff embodiment chosen (i.e., a
given carrier can choose whether to use any one of the first through the
eighth handoff embodiments). Radio propagation environment is
mentioned, because as mentioned in the descriptions of the various handoff
30 embodiments, the handoff performed is dependent upon the location of a
remote station in relation to the radio signals that it is able to receive from a

set of remote stations at any given time.



carrier base station, then the BSC would initiate a handoff of the above-
descri bed enbodi nents. If the new active set contains only single carrier
base statwons784and the 5 renpte station is only in comuRCT/aASIION3Wi t h
single carrier base stations at the present tinme and those conmuni cations
utilize the single carrier protocol, then although a handoff wll be
perfornmed, it will be a handoff other yhan that of the above-described
enbodi ments. Likewise, if the new active set contains only nulti-carrier

base stations, apg tRGaheSDIE aSkakidn wantdd _&ﬂlgupgmrmnwréigm b P
mul ti-carrier base stations at the present tine “and those Conmuni cations
utilize t hemhodimerdr theehapdoff ovessagerHemnsahittesuigh bleckh2itt@oivbuld be based

f d, it will, be.a h ff other .than that ,of th bove- d i bed
P bodt moat &Pt Jobgtfn BRORS huid Shartdt®h 60 Biahed Wih, B dSTHIOR OFr o1
ot her caseshe &i ahhdeff ththRhawetdeBeldhedrerRiIBN RoWih 6h@v% the

performed, and The process proceeds to block 2160. I'n block 2160, the BSC
i nstrucbs decatimasafferte thagnessage ittansoittedaimsihiet eighth hendeffbemmbetanenh a

handof f nessa cont.ai ni ng ipnstryctions f.o e .renote station to perform
a handoff. | ng ATHRB ot ’Fé’ﬂ?{,é éﬁ%%% %?lﬁ‘ii%ﬂ)s (ZPing ?Wénrélﬁ’ﬁiee G Yfon is
currently 28veRFBURIS Aikéd c%éﬁg%?.aﬁsﬂémbt@stﬁﬁﬂﬁtﬁ SiAt 590 tanlaael! a

nessage CO!’]t al ning | nstructions or the 'I’ enote statl qn to perfor m a
handof f t osigral strewgtle mheasugement Deysesagienign acrorfanceaniith ogadddn, dhen,

i t of th tation, .and di whi ch particul
handof f - enBBd1SSRNESE W He 16 s HRLER BEanerBBAheREo% Path Al BHEs 1 o
use, the hanehfe JulETeagtndihltle CABIBLR 21 B HRAPHRBAICE! the ¥bSSte f@{aﬂwndof f

instructions as  described in reference to the particul ar handof _
enbodi nent tehegan tansmitting datacin eegartlance avitls osinglahearhier protoed &my one

of the firgt through the..eighth handoff enbodi ments). Radi o ,orqpagat.lon
envi ronnen?rqqélenﬂ%npﬁ%aea\,kabe@aggbeég %,nfﬁgﬁgﬁ%ei % hg‘_edegodjrrﬂgt ﬁ%ﬁgﬁ’ﬁ t he
various haeadfddigRneyyhed wEpédn febavivendatd irbasdraare: WatflaRanderhrtppn the
| ocation of a renpte station in relation to the radio signals that it is

abl e to repspipsol inpdreguessy bandr Ko fomtait leastsone mmnitigavser base stanon
017778440 PEEUSRI W Soss 419nessage also instructs the remote station to begin
receiving data in accordance with a multi-carrier protocol in a single carrier

frequency band Nf from at least one single carrier base station BS1.
Example 2: remote station at point 530 (going from mixed coverage
into multi-carrier coverage). If a remote station at point 530 transmitted a
20 signal strength measurement message in accordance with block 2130, then,
in accordance with the description of the eighth embodiment, a handoff
message would be transmitted at block 2160 that instructs the remote station
to stop single carrier communications with a set of at least one multi-carrier
base stations BS3 and to begin multi-carrier communications on the same

25  set of base stations in frequency bands Wf and Wr.

Example 3: the remote station at point 540 (going from multi-carrier
coverage into mixed coverage). If a remote station at point 540 transmitted a
signal strength measurement message in accordance with block 2130, then,
in accordance with the description of the eighth embodiment, a handoff
30 message would be transmitted at block 2160 that instructs the remote station
to begin transmitting data in accordance with a single carrier protocol in

frequency band Nra . (described in reference to the fourth handoff



For instance, if a carrier wanted to support the eighth handoff

enbodi nent, the handoff nessage transmtted in block 2160 woul d be based
upon the woodts4en of the renpte station in accordance w t ACT/801dESTY i pti on
of the eighth handoff enbodi nent. Bel ow are exanples showi ng how the 5

| ocation affects the nessage transmtted in the eighth handoff enbodi nent.
Exanple 1: renpte station at point 520 ggoing fromsingle carrier coverage
into m xed coverage). If a renote station at point 520 transmtted a

si gnal st r eaHJHiARASY RBRERY bé ﬁ?@g@iviﬂ% aa601HareR dhéd WAl akmAlBartiBEN,

in accordance with the description of the eighth enbodi nent, a handoff 10
message wopirdtasel im reqriencgdand BYh dtorm 180lenbiapne e ticasrieh dase statéon

station t egi,n transm.tting data in. accordance with a single carrier
ot ot ocol | BS5r ¢ Uik eSS i eSS dlse rBEAFh e &FEibe ¢ PRe TPodBn
handof f eﬁ*@&%ﬁ?’lﬂéta iANgbcbd ARG Withes eltinhreial drbfbedF GONTARES W 1dhsh
multi-carrier protocol in frequency band W from at | east one

mul ti - carr pee shagle correr basel$aB88.BSlhe handoff message al so instructs the
renote station begi n,. rgeceivi at.a_in accordance wt multi-carrier
brotocol i o sERGRPIEAFr (EF TP UE HREon AORE Tenpatiy B (EhE PRy e
carrier ba?ﬁx@&%‘v@fhg%%&to l@rder E6VERh8e)SURA IrBhot RN a@%hﬁQSSG‘g

from m xed coverage 1nto nul%' -carrier coverage). If a renote station at
poi nt 530 tramssriteded signal séteggdlh wrenswrgmhente avassagenin nssewdpmcenwith

accordance,w th ck, 2130, then, ,in accordance with the descripti.on,,of the
o ot h oce i A58 naacom  Ardaied nERi BE” Jii Bkt (58 e iRRYT 6
that ingtréaiiodifntMPhen §bft heBsadeOnidl B¢ RERntidied Qt HIOERM2NEEahheoNS

with a set of at |east one nulti-carrier base stations BS3 and to begin
mul ti - car r irstredentie reaoto ptation theeasaml capmeicatiopssesing anubtirsarrier

frequency bands and. W .. Exanple 3; the.enpte ., tation at point 540
(going 1 oRrrel el eaprisciEPadating ST ot covidiad o B srater
station at bpge Bfatiohd BIlaisinkt difsledcarfied B@nnstuhieREbRs iR &R ABN balEE NPE 1 N
accordance wth block 2130, then, in accordance with the description of

t he ei ght hé@dﬂﬂai ment, a handoff 30 message would be transmitted at block
2100 B8 11 U504 AP BBl Lo SRR B HRA e
i n ref er engmboditieatf £ feadamne ehd WP rBaAQIIRGIhIURAAASH3HBbodiments ,
described above one skilled in the art will recognize what handoff messages
will need to be transmitted in block 2160 based upon the handoff
embodiment chosen and the signal strength measurements received from
20  the remote station (these measurements allow the base station controller to
estimate the location of the remote station). The process then proceeds to
block 2170.
In block 2170, in accordance with the location of the remote station
and in accordance with the particular handoff embodiment chosen, the base
25  station controller instructs the base stations to perform accordingly. These
instructions will be consistent with the handoff message transmitted in
block 2160. If in accordance with the particular handoff embodiment one or
more base stations should cease or alter their communications with the
remote station, they are instructed to do. Likewise, if in accordance with the
30 particular handoff embodiment one or more base stations should begin
communications with the remote station, they are instructed to do so in

accordance with the handoff message of block 2160.



50 enbodi ment), and to begin receiving data in accordance with a
multi-carrier protocol in frequency band W from at | east one

mul ti-cawoet/7d3ase station BS3. The handof f nessage al soPCTESINABD t he
renote station to begin receiving data in accordance with a multi-carrier
protocol in Nf fromat least 5 one single carrier base station BSI.
Exanpl e 4: the renote station at point g? poi nt 550 (going from m xed
coverage into single carrier coverage). If a renote station at point 550

transmtted a sianah SLBP MiMEASHISTSNINERSRAGRDbAARRDIARNGC e D o0k

2130, then, in accordance w'th the description o e el ment ,
a handof f nadxn:bmamtbuaﬂd hetremmdeistdtinh atastdiqeding 520, aMtthu$ ibé hactdoff he

renote station to cea conmuni cat,i ons, usi lti-carrier r.ot qcol s,
and to onl PE5AERALES SQ?C@H ﬁefg @faﬁ’éﬁmpg'aitor}%ﬂg%' 663"%?@?‘@ Ittﬁ se
stations BflepighngioekBi7d GRr Bés%rstﬁﬁﬁﬁuéﬁrﬁ%l'l&“%vélgkf ERHHEAC At E@aﬁg and

Nr. 15 Although these specific exanples are rel at to the el ghth handoff
enmbodi nent multi-earriegabasegtatien diEScta gatupre frvedrd knlgho thendahbteestmitiment s
descri bed ?bove ope ski.ll.ed in the aerlt wi l.]. recogni ze what han massages

of f
will need Hatd FARSHIPIENS iR BFOLRaRteel I Bh e UHTRITIRE Broterols and t
enbodi nent W@@e@meqﬁ&ﬁi A ensdteeiidh @@@%ﬁﬁﬁgt@ﬁ %%SYI%QSH%F\GWO the

renot e stat (these neasurenents allow the base station contr rto
esti mat e t hecdrdentd omithf at Snelgieercamest];a'btm) il he finequ:y foaad NNracdasls to
bl ock 2170., In. bl ock 2170 cc rdance with the |ocati no
station af§5s, FPe&ﬁHbF 35%%% @bﬁ%ﬁ%‘?&mmmﬂ# ‘e ’Flﬁ’égﬁyrcﬁb%

the basg BasSt@kiodN coriblle |1ﬁ§trh&§tétuféta§t bhe dAse §51§fér°6h%ets@atﬁ’&¥
accordingly. These instructions wll be consistent wth the handoff massage
transmtt edlatnwabl@anrrﬁﬂracatmg im simgler ciamiee miodke Whith phet fecndtar stediwtof f
enbodi nent _one .or

o o Ry 35 08 bR k557 e e Bt i to

Li kewi se, hftet Hx@?&&déi%m%ﬂﬂrﬁf@sﬁ)ﬁ‘let@%@@éﬁb@é' IsBftidt gl Af hoBRAIIE ione or

nore base stations should begin conmunications with the renpote station,

they are i beinsodtsednt @ diogdo damriendrequaneye bandhNfhe Ipamtohf ofres ssigaabf

bl ock f3 6Ogenerated in accordance with a multi-carrier protocol.

Although this specific example is related to the eighth handoff
embodiment in a scenario wherein the remote station moved from single
carrier coverage to mixed coverage, after reading the description of all eight
handoff embodiments described above one skilled in the art will recognize
20  what instructions the base station controller will give to the base stations in

block 2170 based upon the handoff embodiment chosen and the estimated
location of the remote station (as can be determined by the signal strength
measurements using procedures known to one skilled in the art). The
process then proceeds to block 2180.

25 In block 2180, the remote station receives the handoff message
transmitted in block 2160, and complies with the instructions. If the
received handoff message either explicitly or implicitly instructs the remote
station to cease receiving communications from one or more base stations,
the remote station will stop receiving data communications from those base

30 stations. Also, if the remote station is instructed to begin listening to

transmissions from one or more base stations, it will do so.



WO 01/78440 PCT/US01/ 11370 51 As an exanple, if a carrier wanted to
support the eighth handoff enbodinent, and the renote station was at point
520, andwouos7d4ie handof f nessage described in referencePCDURXaNploe 1 of
bl ock 2160 was transmtted, then in block 2170 the base station controller
woul d instruct at |least one 5 nmulti-carrier base station BS3 to setup a
forward Iink to the rempte station forgslata transm ssions in accordance
with a multi-carrier protocol, and to setup a reverse link to the renote

station for recef MdHa@6@ rhéRASEESIHRANS the re ROSOLHANGE tVsiiich 1% BU e
carrier protocol in a frequency band Nra (as described in reference to the

f our t h han@btéceptivodfroene)singlddiatiieneddde, tot b endldi-teasier shadé,dh witindo sbol er

[ t t I ] [ I ' b tati BS1 , that . .
communi cat HEEIPEY S CARFL TRETEe e i LI ATRETS SRS BRitsh 5 ¢ he
handof f t o nsdPof BERYIORYrORT & rhii@itdrBRr HRHBE S0 S BhERarARe nh&de, &l Wei11 t he

N
node of transm ssion'to the renote station to a m)dg in which it transmts
in a sihgl docaxrier frequency band Nf a portion of a signal 15 generated

in accordance wi nmul ti-carrier protocol. Al though this specific exanple
is related to mﬁlﬁaﬁ?ﬂ‘#fﬁéﬂ%f‘ge Hésﬁﬂbﬁ ? %gexg#ceasgag%m gWire it Fﬂqcﬁ%
remot e stabk GuridaUSdoh PSt BRHoRe c&Aidr BbdeO%e] aUatlQrieX eodOYeNal&Iq af ter
readi ng the description of all “"eight handoff enbodi nents described above

one skil | edoi Cartversaly, ifithe neesaR inlstucintte temotersatidre thasetdt at i on

troller will .give to the b tati in_ block 2170 d. h
andof t crBodrREROtCRESINSER A Bt HEEetiien DR bt G REATUTPAA at i on

(as camgbejdgtprabnRA Wadheralighal tabr RA b H%@s%.ﬁreeﬂ?s@f&ty&hegré}ﬁe@@dures

known to one skilled in the arty. The process then proceeds to block 2180.
25 I n bl ocktazio®0 o thransmaitrpine deteaini @nsinglee camréert heodeannlod fparbisslagesingle

transmtted in block 2160, and conplies wth the instructions. If .t

Fecei ved. haHIBE HRALEAGR arAnG Eentt 1 Gey DFa! oI e fF PROTEh ety
renmote st giiydikfentHaSBe REEHE! Mti@ﬁ”ﬂﬂi‘l@'l?@éih%%sfﬁﬂﬁh?”ﬁa&r inMarGnbfse
stations, the remte station will stop receiving data Comunications from
t hose basec@giatmpdens.that partiqulan singleeeastier stegpuieony bandnst ruct ed to begin

lTstenjfg to  thansi SARPR, i A dRferOlalRES B3 oA i dugtith WahlaofP SO
embodiment, and the remote station was at point 520, and thus the handoff
message described in reference to Example 1 of block 2160 was transmitted,
then in block 2180 the remote station would begin transmitting data on the
reverse link in accordance with a single carrier protocol in a frequency band
20 Nra (as described in reference to the fourth handoff embodiment), and it
would change its forward link mode of reception to one in which it receives
data in accordance with a multi-carrier protocol. In addition to receiving a
multi-carrier transmission from at least one multi-carrier base station BS3,
the remote station would begin receiving a portion of a signal generated in
25  accordance with the multi-carrier protocol that was transmitted over at least
one single carrier base station BS1. In one embodiment the remote station is
instructed to only decode the portion of the signal that occurs in the single
carrier frequency band because the single carrier base stations BS1 will only
be transmitting a portion of the multi-carrier signal. In an alternative
30 embodiment, the remote station is simply instructed to decode the entire
multi-carrier signal from the single carrier base stations BS1. In such an

embodiment, although the remote station will not be able to decode the



WO 01/78440 PCT/US01/ 11370 52 If the handoff nessage instructs the renote
station to switch its node of reception froma single carrier node to a
mul ti-cawoer/7gsmde, it will do so. Conversely, if the hardDiUS0wmEs®age
instructs the renote station to switch its nobde of reception froma

multi-carrier node to a single carrier node, it will 5 do so. If the
handof f nmessage instructs the renote st@ation to switch its node of
transm ssion froma single carrier node to a nulti-carrier node it will do

so. Conversgise ekpedidi® rRANHACAridFe §%§QP ﬂ'd}ﬁt BUEt But heiHeS r%{el? ﬂ{eatp'o‘?ﬁo 0

switch its node of transm ssion ma nulti-carrier to a“sing
carrier notdhet1@as ttramldn‘uttlml $y. BAUdihe abatthae of fsomr&a dfaﬂmofsfgmiassﬂ]genot
i ns nsm a si.ngl e carrier node

tructs the re |ontotr
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first throyghaehghidivehodi Bests), the renote statlon w || begin
transmtting data in a single carrier node in that particular single

carrie® frequendithoagh. this Apecificerzmplpds isf relatest rticethewaeighih t hasdpffor t

t he ei ghth h ndof f . enbodi nent nd the renpte station was,a oi nt 520,
and thus CHECRAMAGR T rselBB o rBodng AERIte LALe 9ORRAnPEY BIeHIe| ock

2160 was téARsRibi&dge tb%%dwcmc%ge?éﬁ& J.‘«éyalﬁ TRE Q13kAbLBA d’iﬂél} g@gcg“ or

transmtting data on the reverse in accor ance wth a single
protocol ilmereddff @qmi@mrd:IyHME ddeoriNed apase doscskitled innthee el mnlie:etognizxe

fourth handof nd it ,.would.c i.1s forwar k e of
reception Y82 grh‘é‘n& %Rﬂ?ﬁh He %@%eﬁt%‘%n ‘Efmtégﬁ?fg Hi)rR}gn(':‘ét‘)vm f ganHD&

mul ti -1gAr rin@EsaeGh Predk 2160, BASHA h?Bnt Do’ &SI MnBod bt <REdd &hd the
transm ssion fromat |east one mufti-carrier base station BS3, he renote
st ati on woestiinitedilncatéoriofithg ranpﬁetst@nomf(aacam deadetgonioreat by the sﬂgnal
accor dance_ w ti-carri er&Frot co t hat S trans]i%%ted over . at

| east Onestgefr}&ghemgawqeépergéslésgg TogsRAwes knowgnto ane ittt the Tt e

station isand MRéfeSiLWillop®Rble €8 RIE IR RPRAE PRe Qfen{d}@ sa8iBal gbbatnoccurs
In the si %I e carrier frequency band because the single carrier base

stations B8ocki2180 émirgspansetto dhe meceapition af phe hiaodobf messageul The qaocéessr
o O L kSRR o L he oL StaLion 1 Sy
carrier base st@l Fa@s 2BSbasd Btatié# 2200 generates a neighbor list message in
message generator 2220 and provides the message to modulator 2230. The
message is modulated by modulator 2230 and provided to transmitter 2240,
which upconverts and amplifies the signal and transmits the resulting

20 signal through antenna 2250.
In one embodiment, modulator 2230 is a multi-mode modulator,
capable of performing modulation in compliance with a single carrier
protocol and also capable of performing modulation in compliance with a
multi-carrier protocol. In one such embodiment, modulator 2230 performs
25 single carrier modulation in compliance with the 1X protocol and performs
multi-carrier modulation in compliance with the 3X protocol. In an
embodiment in which modulator 2230 is a multi-mode modulator, prior to
performing modulation control processor 2260 instructs modulator 2230 as
to whether it should modulate messages in accordance with a single carrier
30  protocol or a multi-carrier protocol, as described in accordance with handoff
embodiments 1 through 8. In one embodiment modulator 2230 is physically

comprised of two separate modulators, one of which performs single carrier



enbodi nent, although the renpte station will not be able to decode the WO
01/ 78440 PCT/USO01/ 11370 53 entire expected nulti-carrier signal from BS1,
but rat havoontss4d he portion that was transmtted by BS1, p€Chesabgerce of
sonme of the signal will not negatively inpact the renpte station when
decoding the entire multi-carrier signal as received fromBS3. 5 Although
this specific exanple is related to the5%i ght h handoff enbodinent in a
scenario wherein the renote station noved fromsingle carrier coverage to

m xed coverg§Qula¥one! ah§adhdthel N6f ARRLN Ridredynd AhitiRaghbr ARRHAATion.
enbodi nents descri bed above one skilled in the art wll recognize what

i nstructi ofornthe Bawessira2260reithwnt eagithions imiteinad umeinviry, toveitHaredhdé fo et
nmessage i n bl.ock .216 based on t he. handof f enbodi nent chose nd t.he
oot mat ed FOAAAHATOTE HaTioAbPEIROR: IToAR SUCHIZ] e HEY svi iRar SHOPHY.

si gnal stragqgtcbn{fﬁgﬁl\xgﬁ%shyg{engrtpr ocedures known to one skilled in the
art), and therefore will be able to determ ne what the renpte station does

in bloBk 2180 iln omes ponyelimenthdramuniitirod240 is e ninaltidofoidendsmegeitteihe

process 15 then proceeds..to.block.2110.. Ip FIG 2 ase.station,220

Gener ai es gaig? 6riﬁﬁgﬁ%ﬁtlﬂgigfgglﬁ‘caﬁ%%%ﬁ&_&ua%%%?%;%y{ Oa??diﬁyf%ﬁ?? des
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and provided to transm tstngé1 2520, r\?ﬁ?ch@apgonv(erts and anplifies )Ehen

si gnal and anr embedimentieirr egluichi hgnsadtter 2240 ishronyttiamodenaradiittdrn one

per for m ng BRSBul S | BHEEP AN B TATEESSP IR, acBrig] o Peasassds 2o BBt

perform ng ulati I a-si e r ot d
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protocol. In one such enbodi nent, nodul ator 2230 perfornms 25 single carrier

nmodul at i on fraquenapbeadce ini a mulbecatep fisquenty addperforns nulti-carrier
nmodul ation in c | iance W Lh the rotocol, |In an , enbodi ne { n_which
modul ator 2230 (ISR bk ol dBiseE et Poab pror g eb@ N | on
control progess@plaAbAtddISt biglS Mdalprograddsiblas che Whether i(Fpehoul d
modul at e messagesS in accordance with a single carrier 30 protocol or a
nul ti - carr peegiorable logis devices J8dD), rdigifabsignad epmmicessoramiBoP), one or

15  more microprocessors, application specific integrated circuit (ASIC) or other

device capable of performing the functions described above.

Referring to FIG. 23, the transmitted signal is received by remote
station 2300 by antenna 2394, after which it passes through duplexer 2392 to
20 receiver 2390, which downconverts, filters and amplifies the signal.
Receiver 2390 is a multi-mode receiver capable of receiving data in a single
carrier frequency band, and also capable of receiving data in a multi-carrier
frequency band. Control processor 2320 instructs receiver 2390 whether to be
in single carrier or multi-carrier receipt mode any given moment, in
25 accordance with handoff embodiments 1-8. Control Processor 2320 either
contains internal memory, or it is able to set and retrieve the value of
memory in an external memory unit (not shown), as is commonly known

in the art.
The received signal is then demodulated by demodulator 2370 and
30 provided to control processor 2320. Demodulator 2370 is a multi-mode
demodulator, capable of performing demodulation in compliance with a

single carrier protocol and also capable of performing demodulation in



enbodi nents 1 through 8. In one enbodi nent nodul ator 2230 is physically
conprised of two separate nodul ators, one of which perfornms single carrier
WO 01/ 784M0 0PBHALSO1/ 11370 54 nodul ati on, and anot her of PeNUSHL/P&TIf Or M
multi-carrier nodulation. Control Processor 2260 either contains internal
menory, or it is able to set and retrieve the value of nenory in an
external memory unit (not shown), as iggcommonly known in the art. 5 In
one enbodi nent, transmtter 2240 is a nmulti-node transmtter, capable of

transm tti R@miplichddUhkith Car bh@lti-¢revenestRBNd, 18N8na! $Ack i
transmttin ié\ha single carri elr frequ?ﬁcy&gand (sggﬁ ggcl. %%%I\ﬁzl%%r}t' 1X) .
In  an enbo laior 2B7C petfoams singlerca?ddo demoalutation inuwenplianemtitier

[ t f ' t | SSi : I 2260 i nst .S 10
[r ansmi 1 oAnSolb BIOUOGsT o RIS ABUI tror it Ao pU4aBgBs If rFoBliAg e
carrier f rv@ﬁH%@B)@gE‘&to%l.' Pridr Tl Sdrfidhirle tehl ZAHERGY, BaRdol Pagcabt | ed

in the art wll recognize that control procCessor 2260 nay e i nplenent ed
usi ng fPel &3P0 dustamctaldeenarhtletaraddPss(tbR@aptherpit ahoahdrahbdulatgimestageses

PLD), digital signal pr.ocessors (DSP), on r 15 € m. Croprocessors,
appl i cat | oﬁnéﬁ‘é%‘%gir‘&? RW?%@F@%?%& e F‘?t(’(:&ls?)é)ord‘ﬂggtﬂﬁémerdP‘W"@éoﬁgﬁaﬁ‘? e of
per f or m ng deB&ibhat e hefstddREE Wikt HaRABM e mBSAZRENEY ﬂ&oggﬁ& 23, the
transmtted signal is received by renote station 2300 antenna 2394,

after which it pamedutatoo2f70dppbexies @@9eighbd?0liseanessage 2800 omdrbt h
downconverts, filt angd. lifies the signal. Recejver 2390 is a

mul U1 - mode FERERTDE A2k ABICE Beh HeEEr4ing SHBOACPRTEILgrect tar earch to
frequengy bRngerféiifedl 5y seaRMel€23H0, I Cirdhdld 2880 HroPides™dl kbt 687 dehPin
frequency band. Control” processor 2320 instructs receiver 2390 whether to
be in singlemedulation paraméters ¢tardémmodubader 2870m déheadypnyididatedosimmtals i n 25

contai ne. 1 AL PHAT R BO Ty eoumidetol 1080 Uhie'y SteBies FHosGERER o
T e ey e e O B ot o by dsodul ot oy o3 S0 R of 5o’
provi ded t shessnneighbprsoisepawnded 0. capdmidptaessor22320, ivghighnedmhparasdehe
15 measured energy with a predetermined threshold T_ADD. Control
processor 2320 generates a message that signifies which, if any, of the
neighboring base station’s signals exceeded the threshold T_ADD.
Hereinafter, the term Active Set is used to identify these neighboring base
stations. |
20 The message is provided to modulator 2350, where it is modulated.
The modulated signal is then provided to transmitter 2360, where it is
upconverted and amplified, after which it travels through duplexer 2392 to
antenna 2394, where it is transmitted.
Modulator 2350 is a multi-mode modulator, capable of performing
25 modulation in compliance with a single carrier protocol and also capable of
performing modulation in compliance with a multi-carrier protocol. In one
such embodiment, modulator 2350 performs single carrier modulation in
compliance with the 1X protocol and performs multi-carrier modulation in
compliance with the 3X protocol. In an embodiment in which modulator
30 2350 is a multi-mode modulator, prior to performing modulation control
processor 2320 instructs modulator 2350 as to whether it should modulate

messages in accordance with a single carrier protocol or a multi-carrier



gsgg?ulatorz capable or peéfO{ning denodul ation in conpliance with a

e carrier protocol and al so capable of perform ng denodul ati '

01/ 78440 WRT#1/143@d/ 11370 55 conpliance with 2 nulti-cgrriEmemmmng;I{nlno
one such enbodi ment, denodul ator 2370 perfornms single carrier denmodul ation
in conpliance with the 1X protocol and perforns multi-carrier denpdul ation
in conpliance wth the 3X protocol. Prior to perform ng denodul ati on
control processor 5 2320 instructs denodul ator 2370 as to whether it shoul d

codul at . . ; .
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enbodi ment ?@ﬁ%%@ﬁ@&irﬁenm%@%@ﬁ& 388 19 aPmavii-tesdé Bemsaiigbhaapabbt of

nmessage to ) processor 2320, which then generates a set_of co nds
directing pesfandhgtwandidséonrerinor sutsleycaseer érpsjuepgp Parsk AFudhe As 2135%3

femodul at oM BrgREI S0 Bt GHE AT G T AL PRy ae et AL r 2330 i ch

measur eg t iy ake 6Rgtdk). Ofn lhieh Pirl @bt linidie, feaneros ttdcassor at320hinstaighibor
|ist. The energy of edch of these neighbors is provided to cgntrol

ItOL oc ers] SIO (rj %ﬁ%%gn\bﬁér) @360 omhethes to liarbBnifnia auringlecerarigy faquensy %t ned
reshol . .. ntro rocessor, 2320 _gener at. I gni fi
whi oh, 11 dnlbrcarHer HERBTIOr PAGIbads T STin Dl T U bo gt 811 €S
E Er eshol d Eu?:agrt iHdeieLRgfAehan 4@ s dRifedrity ewheteih $he geshote stationt chy

ese nei ghboring

( _ ase stations. 20 The nessage is provided. to noduyl at
2350, wher @rdrisnhiss iroduk afedvo sifigke m@tﬂrafr@ﬂw@iqgﬁﬁaﬂe-g- E\Tlt ﬁérNWd&i lilltlg o

transmtter 2360, where it is verted ifi - Whi '
tr avel 40t hriah MepPeRaREDs8FaE ol folndts oAl argldor 2B ulitqs !

Modul at or 3350 ) §red 236b s BOFRIIOREYabRy: baababbansiipat.f orm ng 25
nodul ation in conpliance with a single carrier protocol and al so capable of
per f or ni ng nodulReferming backip|FlGn28, e messags indieaing dpe ﬁFTSPSaEﬁ .O?Itﬁeone

Such ST T RS 8101, 2550 ESEIEUT o3 D9 Gpseasiety LA r o,
conpl i ance ¢ biohirisSfoRhebReied kidaimplitied ibjercelver @286 hndophavaded to
15  demodulator 2270. Demodulator 2270 demodulates the signal and provides
the result to control processor 2260. Control processor 2260 generates an
Active Set list for the BSC in accordance with the information in the
message transmitted by remote station 2300 indicating the results of its
search. In the exemplary embodiment, the Active Set list will consist of all
20 base stations whose signals, when monitored by remote station 2300,
exceeded the energy threshold T_ADD.

In one embodiment, receiver 2280 can receive data both in a multi-
carrier frequency band and in a single carrier frequency band. In such an
embodiment, control processor 2260 instructs receiver 2280 whether to

25 receive in a multi-carrier frequency band or in a single carrier frequency
band. In an embodiment that can be used to support the 4™ and 7 handoff
embodiments, wherein the base station anticipates the remote station can
transmitting in one of two single carrier frequencies (e.g. Nr or Nra), control
processor 2260 instructs receiver 2280 as to which frequency band to receive

30 in.

Control Processor 2260 sends the Active Set list to interface 2210,
which forwards a message indicating the Active Set list to the BSC. Interface



30 2350 is a nmulti-node nodul ator, prior to perform ng nodul ati on control
processor 2320 instructs nodul ator 2350 as to whether it should nodul ate
nmessages Woores3ar dance with a single carrier protocol or BCThUSewVHaarrier WO
01/ 78440 PCT/ US01/ 11370 56 protocol, as described in accordance with
handof f enbodi nents 1 through 8. |In one enbodinent, transmtter 2360 is a
mul ti-node transmtter, capable of perfermng transmssions in a single
carrier frequency band (such as 1.25 Mz for 1X) and in a multi-carrier

frequency banglchs Bemhids ihidiRee khdb aMdtvso fehboheni®icafidh: beRwedt thé@base

enbodi ment, control processor 2320 instructs transmtter 2360 whether to
transmt i stadias agteheaBSCerlnfa eepizalizedaysteny, sunh iatenfddes- warknewn in
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of two sin@lantafides AMMIGUENFARS, HRd InidbwakeNIRdrfAQREMS RUtOnH#RRPd he

coverage areas that it is in, control processor 2320 instructs transmtter
2360 asdt osy#tenh ihterfacen2310bemddt smplynseratmemorRebus orman baek of shetel 22,
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Denodul at or 2270 denodul ates the signal and provides the result to control
processor 2pseetupom eath pascetation Z_ZQGOngae:n@trcgues vaith the tAoriveSet list,sand or

the BSC in. d i.t.h the,inf ti N he . t itted b
emote st ath ol It gheRHO o STHRBtent | Beirgo et (AR EN Gl ar y
enbodi MBNt reddie AGilk @ afdlkeld k8d shld ofoBSISbag 2200 ird QcBRRNSE alitAnghahose

signals, when nonitored by renpte station 2300, exceeded the energy
t hr eshol d AGER, Set distnanc i ddronsiance veitlethe rhaze®df embadiveniebelngaidedt h i n

a nulti- carrier,.freguen band .and, i.h a,singl e carrier f. e band. In
such an e%ﬁso%ﬁ T ibe ta%%(‘:f Sﬁ@'lsﬁ 1%83 3@@2@5? e’ﬁ'%’ﬁhl%ﬁgfsr u‘i 3P pg@éfe\c}fi\a? %%a’{ﬁﬂ et her
to 25 receilink chafinéll thn CiBé Tseflip foreokensy BaRds@itiond ithdAR 8e@ald IS
frequency band. |n an enbodi ment that can be used to support the 4t" and
7' handof f reegtedlinsnichanpplsr eim thiese bhase stadidren (egt itbepaigisht hendefbt e

g? a}\lir 2?513 ngmbﬁo%ﬁﬂ'lserﬁit)t.t iAr]go,i 5 BQF t}?ef afvg\\lr)e-%liegc%b%dc ﬁlgrrxégtrf gnrlggglerﬂgﬂtes,s i’g ?s' g Nr
possible that reverse link channels can be setup on certain base stations
without setting up forward link channels on those base stations (e.g., the
third and fourth handoff embodiments).

In one embodiment, control Processor 2260 also provides the Active
20 Set list to message generator 2220. The resulting handoff message is
modulated by modulator 2230 and transmitted as described above. In one
embodiment, the handoff message explicitly states which frequencies the
remote station should begin receiving and transmitting on and whether the
data should be modulated in a single carrier format (e.g. 1X) or multi-carrier
25  format (e.g., 3X). Such a handoff message is generated in accordance with the
handoff embodiment being used. In one embodiment, the handoff message
merely states which base stations the remote station is to communicate with,
and the remote station is implicitly able to tell which frequencies to
communicate with from the receipt of other messages detailing the

30 capabilities of each base station.
In an alternative embodiment, a control processor 2420 of BSC 2400,

diagrammed in FIG. 24, generates the handoff message in accordance with



processor 2260 instructs receiver 2280 as to which frequency band to
receive 30 in. Control Processor 2260 sends the Active Set list to

i nterfacav@a1@440 whi ch forwards a nmessage indicating the PCTiUS@/13810 | i st to
the BSC. Interface WO 01/ 78440 PCT/US01/11370 57 2210 can be any interface
that allows for conmunication between the base station and the BSC. In a
centralized system such interfaces arezknown in the art and include, but
are not limted to, ethernet interfaces, Tl interfaces, El interfaces, ATM

i nterfaces h ARG tRicCHEONRLE ahat &l fa@é‘cﬁr%lan&é‘ w%ﬂ@ QRN AR b e&nﬁoéi&fﬁéﬂ”bemrﬁ)
interface 2210 could sinply be a menory bus or an area of shared ry.

Capaci ty i ssedslmlsiiowiarg enbeliB8@tp contmié sprogessar R420rdenck ahregeneratedh
subset of tations e, Active S ist. The faorward in channel s
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reverse |ink channels are set on each base 2200 i n accordance wth t

Act i ve Bet mdssage bnbasnstations 2200 i BIC imterfaae@40. dntroiicaddl0dsi mg:lused.

As th bo escrij bed, handof f enbodi le that forward
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reverse |i %EnA e gs’ch@nBS@O@l% RAsHad&d Qélt?ni’m(ﬁlcﬁh ahNembathBnfiaiai-b) 15

enbodi ment s per the above-described handoff enbodi ments, it is
possi bl e tl?a@cessmerQQéOI oﬁl&oashashahbs 2200 bproetap time chandoff lmweagd: ato ons

W t hout setti I nk nne s se base st i ons t he
third and M‘gﬁ&ﬁ‘a oti© % %Hg}g%%?%ﬁp b‘ RETB Ftr%ﬁ:essor
2260 ajgo g@@ﬂggasagch,% Actl ve 20 Set Ilst to nessage generator 2220. The

resul ting handoff nessage is nodul ated by nodul ator 2230 and transmtted
as described abbvierfabe 2518 caemb@damyennterfdn:e ﬂmﬁd@lﬂcbwae@sag@nampmo@ttdry

t at whi ch, f t st | d d
ranan t11 REEHETEEe ahn SR AeL o SRRt d 1B AnsanRatet | Seaed: g
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handof f nmessage is generated in accordance with the handoff enbodi ment
bei ng usedlntBrfacxrﬁe hbiodenfecas, Ehdnteafedes,f ATENE dgpterfagesel andstrai@owdiech

base Sjgti s tiong, aggs "efpLe dse%grtttlrgﬂzéc? stygte(fr?,mfrﬁjtgll‘ 22 ezﬂot r(]:buld simply be a
memory bus or an area of shared memory. Control Processor 2420 either
contains internal memory, or it is able to set and retrieve the value of
memory in an external memory unit (not shown), as is commonly known
in the art. One skilled in the art will recognize that control processor 2420

20 may be implemented wusing field-programmable gate arrays (FPGA),
programmable logic devices PLD), digital signal processors (DSP), one or
more microprocessors, application specific integrated circuit (ASIC) or other
device capable of performing the functions described above.

Remote station 2300 receives the message by antenna 2394,

25 demodulates the signal as described above, and provides the message to
control processor 2320. Control processor 2320 then provides information
regarding the Active Set list to demodulator 2370 and receiver 2390, and a
handoff is attempted using the parameters of the base stations in the Active
Set list. It should be noted that because, in this example, the Active Set is

30 based upon previous information generated by remote station 2300, the
remote station 2300 need not receive the Active Set list, because it often

knows the stations on the list a priori. Thus, in an alternative embodiment,



and the renote stationis inplicitly able to tell which frequencies to
comuni cate with fromthe recei pt of other nessages detailing the 30
capabi | i Wwesl/ofs4each base station. In an alternative enboBCTERe1/11a70cont r ol
processor 2420 of BSC 2400, diagrammed in FIG 24, generates the handoff
nmessage i n accordance with WO 01/78440 PCT/ US01/ 11370 58 the Active Set
list and in accordance wth the handoff 5enbodi nent being wused. In such an
enbodi ment, control processor 2420 sends the generated handoff nessage to
each base shatreomwit228@tiont mashidelayt hepreeiebdrenisiedt tiame i eriadiranehpleyform

communi cat i ng. ntrol processor 2420 sends the_ handoff 5 sage to base
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Processor 2R6éedefl iasettatsiioldn B2DGatherviatbes thkes Hatwloddconms spgarheters

nmodul at or 2230, which_nodul ates the handoff nmessage and transmjfs it as 10
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system such interfaces are known in the®art and"include, but are not
limted to, ethé&meskilledtier frecest, willl recigmitadhest, cditrohpeofasas 2320 khay

i nterfaces, and crowave 15 interfaces. In a decentralized syst
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recogni ze that control processor 2420 20 may, be j npl enented usin
(el 0- pr ogranirePRags of BHa S E: BarctsRs e maB 0PSgi ¢ devi ces PLD),
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the functi pessatesiilleded thbeveio Reket@ statheopr&@od ineeriives The vessiage by

G TN EE R N O I L
provi des i M @Rd"BE GRd the generic principles defined herein may be applied to other
embodiments without the use of the inventive faculty. Additionally, the
various methods taught herein can be combined with each other in any
manner without the use of the inventive faculty Thus, the present
invention is not intended to be limited to the embodiments shown herein
20 but is to be accorded the widest scope consistent with the principles and

novel features disclosed.

What is claimed is:



regarding the Active Set |list to denodul ator 2370 and recei ver 2390, and a
handoff is attenpted using the paraneters of the base stations in the
Active Seool/ifssgso It should be noted that because, in thiBCEY&MpI1870 t he
Active Set is 30 based upon previous information generated by renote
station 2300, the renote station 2300 need not receive the Active Set
list, because it often knows the statigps on the list a priori. Thus, in
an alternative enbodi nent, WO 01/ 78440 PCT/US01/11370 59 the renote
station may delay a predeterm ned tinme QEAMSINd perform handoff to the
base stations whose signal exceeded the threshold. If, on the other hand,
the active set is not sinply a copy of the base stations whi ch exceeded

the thresh Id but t her kes into acco e s 5 unkno to
the renote st at i‘orfne gﬁ%ﬁ %,(a a&ﬁbté 2 JEF0HEL & %Bf‘ae(Pftfeté%t@’eegt SM&0Rs,
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art will recognize that control processor 2320 nmay I rrp%ement d using
field-pr ogr ammabl e gaieéelamrrmyg th@%)amotpratghmnmbheeivmg sigheld oesa fRisD) ,

di gi tal nal pro eia re. mcroprpcessors,

appl i ca | o TEAVECLY ’CE.W@B atﬂflg\]@ EYTISF PERIEPY devi ce capabl e of
performng the f UnCt 'dé@érrﬂﬁﬁﬁ%‘ﬂﬁﬁg sm&oghﬁaﬁbﬁvgoqfﬁngﬁ%hﬁpgl le nthe

enbodi ments is provided to enable a person skil e or
use thebpresent ai seeantd omequdveyv dandusn mnd:mdaw iwith tseid heinglee rdamrierrp nts

vmllbereadllya arent .to those,skilled in the art, and the generic
principles defi Wég fe?“ﬂ‘%’fﬁ&{‘ R 5P % {ISqB?IP'Fé’r %aé‘!aﬁlbb%ish@ﬁﬁaé‘hﬁ gh t he
use of ghe inveghineewiBBWstatid Adet deb h Voarid?e various nethods taught
herein can be conbined with each oth any manner wthout the use of

the inventive facul tyecﬁmmg t signpk eﬁemgthl nvieasiemenstsnodf | vasoded base be

I|mteg to the ephodi nent hown herei n 20 .but |ts qu(% be accorded the w dest
scope &Bnsi st entAREY P L |Iﬁl8f'sﬁ1g§ o paid JeBIOte St ks di scl osed. What s

clainmed is: WO 01/ 784@eerdhitS0hal b3 10ast6he GeAIMP various base stations is

12 single carrier compliant and that at least one of said various base
stations is multi-carrier compliant; and

14 transmitting a second message to said remote station that

indicates that said remote station should begin receiving signals in

16  accordance with a multi-carrier protocol in a third frequency band that is

larger than said first frequency band.

2. The method of claim 1 wherein said first frequency band is contained

2  within said third frequency band.

3. The method of claim 2, wherein said second message indicates that
2 said remote station should begin transmitting signals in accordance with

said single carrier protocol in said second frequency band.

4. The method of claim 3, further comprising the steps of:
2 monitoring, from said at least one of said various base stations that is
single carrier compliant, said second frequency band for signals transmitted
4 Dy said remote station in accordance with said single carrier protocol in said

second frequency band; and



1. Anethod of facilitating a renote station hand-off between single 2
carrier base stations and nulti-carrier base stations, conprising the steps
of . detavobnisagothat a renote station is receiving signaPeTUR0IAIIBTOr st 4
frequency band in accordance with a single carrier protocol; determ ning
that said renpte station is transmtting signals in 6 a second frequency
band in accordance with said single carrgyer protocol, wherein said second
frequency band is substantially the 8 sane width as said first frequency

band; rgceiving t%r%%ltuﬁ% R i B AR EBRE 0 sgi‘d VQﬁbﬁH%é%@%@aﬁoan ?.[aatlbons

ina first message from renote station; determ ning that at st one
of said vamholitchass stmmpdmaat,l ssighalssiing| accpadaner vatipl laandnuahd:atrhar at

| east ope of various base  stations.is.multj-carrier co and 14
transm bt i aodlebionhhii By eridoeeiite Tt o1 Seist TS reauenthgrERt es ¢ hat

said renpte station should begin receiving signals in 16 accordance with a
multi-carrier protocol in a third frequency band that is |larger than said
first fregqdency HenthetRod Thkeclagnhhhduother| eompiisige the rsts;aiocﬂ tramshittineguency

band i s.cont ai ned 2 thin sai.d third.frequency band. The t hod of
olai m 22 wHENS] Aeianh 1 Ecmzf (P s2dd oV aTiRtT MRS SEatiens éhgfam SIgle@IEERt i on

shoul d begi m ier
gicB a}ﬂ%ﬁﬁ a“lé(-ji% req nCyr'cBn%P%{ mé:%o% relﬁ éisﬁaltnﬂ! &n GREd

protocol in s secon band. 4 od o l'aim 3, further
conpr i s#ng firkefreqeascyoband imancdrdainng wifh smds'anglleactarhelaprotomei of said
vari ous base stations that is single carrier conpliant, said second
frequency band for signals transmtted 4 by said renpte station in

accordance gw t h 3@l ¢h&hod! 8f eRfifd 8 flﬁ’ftﬁép%hl}hr‘slﬁ the %gyoa%i niéﬁg&ﬁﬂ%y
band; and WD 01/78440 PCT/US01/11370 61 transnttting from sal [ east

one of 2ai drosar smdsaibé@stsirwt iod remid haatrlmzs basé¢ tstatoeny ithat denplidtarrist gnal s
i n accordance i rrier atlo schene. 1o said renote
station inS9 lﬁnrih ?ad %‘i?f&ﬂ‘l?é"ﬁﬁabag‘%d%ﬁe“%% H&Haréﬁmﬁeé‘i H ACCqIGARRR
conpri sing vwif sﬁfdi‘sﬂngfe &afr?&'é? BrbdcBYin said second frequency band.

7. The method of claim 2, wherein said second message further indicates
2  that said remote station should begin transmitting signals in accordance
with said single carrier protocol in a fourth frequency band, said fourth
4  frequency band being substantially the same width as said second frequency
band, and the spectrum of said fourth frequency band being non-

6 overlapping with the spectrum of said second frequency band.

8. The method of claim 7, further comprising the steps of:
2 transmitting, from said at least one of said various base stations that is
multi-carrier compliant, signals in accordance with a multi-carrier
4  modulation scheme to said remote station in said third frequency band; and
monitoring, from said at least one of said various base stations that is
6 multi-carrier compliant, said fourth frequency band for signals transmitted
by said remote station in accordance with said single carrier protocol in said

8 fourth frequency band.

9. The method of claim 8, further comprising the steps of:



2 fromsaid at | east one of said various base stations that is single
carrier conpliant, at |east one power control signals to said renote
station iwosaisd40 4 first frequency band in accordance w t ACHaSE/IBTgl €
carrier protocol. 6. The nethod of claim5, further conprising the step of
monitoring, 2 fromsaid at |east one of said various base stations that is
mul ti-carrier conpliant, said second fggquency band for signals
transmtted in accordance 4 with said single carrier protocol in said
second $requencymB@king, fréAesdBLANAdadi orfd BF Bhidl vAEHSTHAsS Blalions ARRE is
message further indicates 2 that said renote station should begin
transmtti sipgle ganfier compdieot,dsaid douviiht fregaenicys bagd ot signads tparsmoidtdd i n a
fourth fre uenc% bangéc said fourth,4 fre en(:é band bei.ng supstantial|ly the
same wi Gt h PXSUAFEMOECHAHON B tRREIANSaN N St S sBRELT RRPSFOL I §2%bur t h
frequency l@@lmhl;géq@n@g;rban@;gy@rl apping wth the spectrumof said second
frequency band. 8.  The’nethod of claim 7, further conprising the steps of:
2 transénitting, nioiordagdram sadsit lead afe ehisaidveariious bass stasivasitbat is hat
is nmulti-carrier conpliant, sigpals in.accordance wth.a lti-carfier 4
modul at | on STES FEHS Lo R irbhotad SeCRnd FEHRensy band o8 st SR IBAIRE  and
oni torg ng_bgfdtH@i‘ s t@isth@Asd 19 NRcOf a3k v Uar bé&élssiﬁgﬁecaﬁ?rﬁﬁr gﬁ%%oédlaitn Is 6
mul ti-carrier conpliant, said fourth frequency band for signals transmtted
by sai d ressidesesond freyuiencubeoddance with said single carrier protocol in
said 8 fourth frequency band. 9. The nethod of claim8, further conprising
the steps of: WO 01/78440 PCT/US01/11370 62 2 nonitoring, fromsaid at

| east one of said various base stations that is single carrier conpliant,
said fourth frequency band for signals transmtted 4 by said renote

stati on i nl@cddredemetrodvof Kladai @ firthgr eomaprisieg thestepsodf:in said fourth
frequengy band; and 6. nonitoring, .frolm zai d at. |€[813t one of, said various
base stations tRaPh mgsweéor r PR e i%ﬁ’lfl,a s5rYy g’%%d)rﬁdsaf é’(?ﬁb% band
for signal shideadtatibnd Btht i8 sRlOEATer Bast, ahl &drddhRGEAMANG eMtih sai d
single carrier protocol in said second frequency band. 10. The nethod of
cl ai m 64 f ueartier oodplatsimeachdme;sanps of :

transmitting a portion of each of said waveform signals to said remote

6 station in said first frequency band.

11.  The method of claim 8, further comprising the steps of:
2 generating waveform signals, from said at least one of said various
base stations that is single carrier compliant, in accordance with said multi-
4  carrier modulation scheme; and
transmitting a portion of each of said waveform signals to said remote

6 station in said first frequency band.

12.  The method of claim 9, further comprising the steps of:
2 generating waveform signals, from said at least one of said various
base stations that is single carrier compliant, in accordance with said multi-
4 carrier modulation scheme; and
transmitting a portion of each of said waveform signals to said remote

6 station in said first frequency band.



2 generating waveformsignals, fromsaid at | east one of said various base
stations that is single carrier conpliant, in accordance with said nulti- 4
carrier mwouol/z4uon schene; and transmitting a portion of parCwS@i113@i d
waveformsignals to said renote 6 station in said first frequency band.

11. The method of claim@8, further conprising the steps of: 2 generating
wavef orm signals, fromsaid at |east ongzof said various base stations
that is single carrier conpliant, in accordance with said multi- 4 carrier

nodul ati on1gchene maibd rEntrilithiing @ eaidt OstaBbne RGAdQT SiteeRY ghoien
signals to said renote 6 station in said first frequency band. 12. "The

net hod &f EREIeH Brsefsiptiony and mywitiscargier hase stasionsf copyising the stgpsadef or m
signals, fromsaid atd keas.t .on var i ase _Station
single carrier conplig

X ? of saidt L1 ous . b Ihatf.ils
TIPS g AARBE G TR A Y TR YIS H8Rgf e firs

modul at i on frefaeey band ihlResfddnick MitR ak@hilearabr pasidcel; sai d waveform
signals to said renote 6 station in said first frequency band. WO 01/ 78440

PCT/ US01/ 11370 63 1g8letexmmipimgdhat stidcienotst station isdnanenitingi sgnalsnih of f

between, single _2 carri base_stati,ons and |ti-carrier, base stati.ons,
conpri sf ng the &t 8%%0%# %e%etn&ym% ﬁpﬁglrf h%\‘icoﬁg%é%t ﬁét éﬁlido_riﬂ?% ®r 8E'W ng
signals in a fipgdtotol,! aaEeBRY RADEekdNACHOFIANSL bahihiaA sebfighBall thEr
protocol; deterimning that said renmpote station i's transmtting signals in
6 a secdnd freqaemeywishhasisaidesrfvemsacyibamdsai d single carrier protocol,

wherein said second ffeguency .ba i,s _sybstantially the same W dth as
said first frequency Bal d],%gr e%%%dnﬁg}%%l}%ﬁalmgﬁtgﬁ %tﬁea%tﬁr‘éar%%fss Sline
variougobase 1@tasiodlsiiANsfitdt reddaktfrdmssad @efld@sfdich; r enot e st ati on;
determ ning that at | east one of said various base stations is 12 single

carrier conpliant andetesminiag |thatat derstoine of daidirviasinshdgee statiansois i s
mul - gareier Copld AlkieP Wodghidd 2R "% RalPRNY o RARAYEs Btk
stations is multi-carrier compliant; and
14 transmitting a second message to said remote station that
indicates that said remote station should begin receiving messages in
16  accordance with a multi-carrier protocol in a third frequency band that is
larger than said first frequency band, and wherein said second message also
18 indicates that said remote station should begin transmitting messages band
in accordance with said multi-carrier protocol on a fourth frequency band

20  that is larger than said first frequency band.

14.  The method of claim 13, wherein said first frequency band is
2  contained within said third frequency band, and wherein said second

frequency band is contained within said fourth frequency band.

15.  The method of claim 14, futher comprising the steps of:
2 monitoring, from said at least one of said various base stations that is
multi-carrier compliant, said fourth frequency band for signals transmitted
4  in accordance with said multi-carrier protocol in said second frequency band;

and



indicates that said renpte station should begin receiving nessages in 16
accordance with a nulti-carrier protocol in a third frequency band that is
| arger tvemowadado first frequency band, and wherein said spcDOOS0wEI®age al so
18 indicates that said renote station should begin transmtting nessages
band in accordance with said nulti-carrier protocol on a fourth frequency
band 20 that is larger than said firstghrequency band. 14. The nethod of
claim 13, wherein said first frequency band is 2 contained within said

third fpequency thapehitiie MOEY &1 a3ababt TRRANsaid FRGRRDAsBARD s RRtgI ned

within said fourth frequency band. 15. The nethod of claim14, futher
conpri si ng Mewki-eansier ofompliaphi tghalg, ifr omcondancet Wwéthst aormudti-caaridr
vari ousgbase stations,that is. nulti-carrietr conpli.a sai d fourth
{requenty. BpdiBEPRERGHAR 1 Faifl it Hor n SOREIIER EiecliEhiy baRE:

mul ti-carrier protocol in said second frequency band; and WO 01/ 78440
PCT/US01/ 11370 64 .6 transmtting, fromsaid at | east one of said various

base statidfs tHammethodngft facdiatingr a compiteastatiosi fantlsoff beiweendsimgde wi t h
a multiscarrier , 8 ulation schene to,said, renote station,n said_ third
frequenty B&HET HEse %?\9%%%6%01 SRUFLETTIE JPPR Gt PenEPRPEIIHE B #5RE 6t 1
between single 2 cadet&mid@se thhehiRRftaNdaith lis eV gk & alfiQps,
conpri sing the ste[t))s of: determining that a renote station is receiving
si gnal s4i nfrequiensy bandriscaesprdarisarviithm singler chaniee pwptoaol si ngl e carri er
protocol; determnin hat. said,renpte station.is transmitf.ing.signals in
6 a second frequency %%@%“%3@8?8%’@% ethé_EPB ?itﬁ%ﬂ‘sénggpgi %lgng%r’o’?ocol ,
wher ei ngsai d segoBébdnde feeeshcanantls i UR&RAAM@ IWithN@aid & VagiiBy as
said first frequency band; recéiving ;l@gnal strength neasurenents of

vari ous base 1@retosel ondheraing shid ssecond stigauengymbaaiddis snbstensiellyi dne

car 1 orPconpl | anteRRdiRE A Pes a0 Var ous bage statione.i <
mul ti-carrier conpli aadeivitd t §ighsNi $théMetha HEENMEIIEHEATSS tPasdhd HASOL e
stati O?Ot hat stations in a first message from said remote station;
determining that at least one of said various base stations is
12 single carrier compliant and that at least one of said various base
stations is multi-carrier compliant;
14 transmitting a second message to said remote station that
indicates that said remote station should begin receiving messages in
16  accordance with said single carrier protocol from said at least one of said
various base stations that is multi-carrier compliant in said first frequency
18  band;
transmitting, from said at least one of said various base stations
20  that is multi-carrier compliant, signals in accordance with said single carrier
protocol to said remote station in said first frequency band; and
22  monitoring, from said at least one of said various base stations that is multi-

carrier compliant, said second frequency band for signals transmitted in

24  accordance with said single carrier protocol in said second frequency band.

17.  In a network containing a set of base stations containing both single
2 carrier and multi-carrier base stations, a base station controller apparatus

comprising:



indicates that said renpte station should begin receiving nessages in 16
accordance with said single carrier protocol fromsaid at | east one of said
various be@el/aii ons that is nmulti-carrier conpliant in Ber/wsSéi/rsto
frequency 18 band; transmtting, fromsaid at | east one of said various
base stations 20 that is multi-carrier conpliant, signals in accordance
with said single carrier protocol to sgfd renbte station in said first
frequency band; and 22 nonitoring, fromsaid at | east one of said various
base stations that imterfaxet for tammsidttingnMrhhemit raedsdgeectondntlr eqeentyg band
for signals transmtted in 24 accordance with said_single carrier protocol
in said sef8fiV¢e TBEIRREY fHamgsaid set SRCTABPRS c BAE AWHEFRINa S48t TefelBase

stationg c L ni - i . i nd multi-carrier base stations,
a base §ta?lf?%sﬁhﬁ%%’gﬁllé?sg%%%%ef%%tﬁéﬁqi‘%éﬁ%%?% ng: WD 01/ 78440 PCT/ USO1/ 11370

65 4 an i nterf aaecdrdrolt pamsasbsr, i cognimanicatitelpessagksl to saidl inteefice) for
recei ve_nessages, from said set of base stations, and wherein said receive
6 nessages SEHRBRINGRIQ AcHye seblis| mepsagessads. a control processor,

communi cat i vel y .gf P&?s?oltcgro%%& rifﬁﬁ"ﬁ{e‘}qBFs?t{tJ@[gh%gf XA AR cﬁﬁhﬂel@%i ye set

i st messages; and said ntrol processor or setting up forward

| i nk ch@nnéirst tetnate sttidm istacteriahee stiahisaid aotiae cet Hainawsydgdeds, adicdenct i ve

set |ist mes,sa%gs, V\/rf,erei n said forward |jnk chanaels conprises a first
HiREd

forward |i fRid Bt CRpNRRIS 1CooREsest a duplfarmgidinia chrareb 8R%UR IR i ons,
and whesei aj Ik : I o Lk
channel setop b ki T ple iy PR RGRITAAE BIRBraRC R FQRUBE LY
of cl ai m 1¢éhatmeelsi commpirides raasesont forssadedink ortmiret sset2upamdafaid masddges,
and wherein said control processor is further for generating said handoff
rressagi% | RIS M h said active set list 4 nessages. 19. A single
carrier base station apparatus conprising: 2 a nodulator, comrunicatively

coupled to a transmtter, and comunicatively coupled to a control
processor, 18or fbdudpparatusief alaim 17 wherein said transmit messages comprises

2 handoff messages, and wherein ,said control processor is further for
generating said handoff messages in accordance with said active set list

4  messages.

19. A single carrier base station apparatus comprising:
2 a modulator, communicatively coupled to a transmitter, and
communicatively coupled to a control processor, for modulating data in
4  accordance with either a single carrier protocol or a multi-carrier protocol,
and for providing modulated data to a transmitter;
6 said transmitter for wirelessly transmitting said modulated data in a
single carrier frequency band;
8 an interface, communicatively coupled to said control processor, for
receiving instructions from a base station controller; and
10 said control processor for examining said messages and for instructing
said modulator whether to modulate said data in accordance with a multi-
12 carrier protocol or a single carrier protocol based upon the content of said

messages.

20. A remote station apparatus, comprising:



4 accordance with either a single carrier protocol or a nulti-carrier
protocol, and for providing nodulated data to a transmtter; 6 said
transm t tveo of/o844mi rel essly transmtting said nodul at ed daper/isoizai13®i ngl e
carrier frequency band; 8 an interface, comunicatively coupled to said
control processor, for receiving instructions froma base station
controller; and 10 said control processgé for exam ning said nessages and
for instructing said nodul ator whether~to nodul ate said data_ in accordance

with a gulti- 12 carpigodpiabedel modalaingldataan riceordarseowsh pasétiupon

the content of said nessages. 20. A renote statjon apparatu onpri si ng:
WO 01/ 78440 PCTichSid prgaool 6! in acoppdaincs Wﬂtif %Pﬂ}%fc‘jﬁglgﬁrr%mg%‘i"g' in

accordance with a nulti,- caynhler 0 i.n cox d edmdenvattsi gl e
carri er4pr otocol; 4 & (%ﬂ:bo léﬁgr P<§r0§:1 %&%‘%ﬁﬁ%%l gg&dg[?a&{bﬁ accordance with
a multi-carrienarPtasRlr ptodol aadcor smnedande With & single cewatar ®oteradt ocol ;
6 a control processor for ‘determ ning, based upo t%ﬁ contﬁ?ts og‘ ?5 ¢
recei veé handoff messageitroleiasessondph dsiesmipiige PABeH MRl 1 08 REC8r dance

with said nmulti-carrier, prot I afjGShdihid B mdedudtadednhi n
accordance with asEﬁcﬁ“’s‘?%g\agdg’gf?megéa%ggg&gg%\e? Eil%tasai d control processor for
furt her gdet er mi njpgrddireaditipan ihdt-eerneeprstoadl eniwhetberidagalshawlgobe

8 c ; ) .
nmessage, whether data should be 12 denodu) ated in accordance with said

mul ti-carrier prmpdubitedingiseensance fish SHCLPASHHEDRIPRLY i n accor dance
with said single 14 carrie r . j ed th
communit®at i vel y couplSé’ﬂ]‘itcffrljérgiﬁ)&)(%éz%glr)rlt,)gi(?}‘laf ﬂtﬁ&n?ggmﬁﬁﬁ@m A

at or, instructing said
modul at or whet hegorionaoet kaiderdtatved handoffortasege, wwhetheai datausheuleapbei er

rotocol or whether to nodulate 18 data in accordance with sai kngl.e
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said 20 demodul a OQE f&rt I&%ﬁ&ﬁ%}é agrng)ﬂh@?tgﬁnﬁp'ékééﬁbn@@%ﬂﬂﬁrsai@ single
P S t i

denodul ate data Y nce W sai ti-carrier protocol or
14 carrier protocol;

said control processor communicatively coupled to said
16 modulator, for instructing said modulator whether to modulate data
in accordance with said multi-carrier protocol or whether to modulate

18 data in accordance with said single carrier protocol; and
said control processor communicatively coupled to said
20 demodulator, for instructing said demodulator whether to
demodulate data in accordance with said multi-carrier protocol or
22 whether to demodulate data in accordance with said single carrier

protocol.

21.  An apparatus comprising:
2 a means for determining that a remote station is receiving
signals in a first frequency band in accordance with a single carrier protocol;
4 a means for determining that said remote station is
transmitting signals in a second frequency band in accordance with
6 said single carrier protocol, wherein said second frequency band is
substantially the same width as said first frequency band;
8 a means for receiving signal strength measurements of various

base stations in a first message from said remote station;



22 whether to denodul ate data in accordance with said single carrier
protocol. 21. An apparatus conprising: 2 a means for determning that a
renote stvedbDmB4E receiving signals in a first frequencyPonwdoi 3o
accordance with a single carrier protocol; 4 a nmeans for determ ning that
said renpte station is transmtting signals in a second frequency band in
accordance with 6 said single carrier ot ocol, wherein said second
frequency band is substantially the sane width as said first frequency

band; §pa means for pegehyi e Segdlingig ehgt bt et unenesaidofarieus base base
stations in a first nmessage fromsaid renote_station; V\DOl{?S 40

PCT/ US01/ 11370  s6ificiB ia simeglesafrier csnphiantnang thatat 168st QResp! g GTIQYS d
vari ous_base stations.is si ngie carrier ﬁm-iaﬁﬁt and that at | east one of

sai d vaPious 1Papasktions i JRBIEHHAT O BT 147 Conpl i ant; and a neans for

transmtting a second FR$$RIEo! Ur&RnSitiRIDhEsechhds nadssage tthasaidndemat

_ es
that said renote station should begin re%gi vi ng si gnal s_gei n accordance with
a mul t il4carstitéon fhadtindiatésnthat shidr terhetegsiation %&H& hegin; tecelVig SRAS ¢ han

said first freque band. 22. A g i
e ghr Bt S AR B IBlG PU S TR ery TR

frequengy Band,iiR.AS5Rr §ARGRqMehby dafitingl e carrier ;
16 [ protocol; 4 a neans fo
determni ng at salﬁlrenotqua'??’on is transmtting signals in a second r

frequency band in accordance with 6 said sin i i
_ _ gle carrier protocol, wherein
said second frequency band is substantially the same width as said first

frequency etnd:; N 2 PRELAUS PRy ng signal strength neasurenents of

vari ous, base statio i i ; : i e
2 ati ons phéarly fbf Hetdainage fiiladna seintbteestitrstiatiegaiving a
means for determning that at |east one %f sai d variqus base stati ng is
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transmitting signals in a second frequency band in accordance with
6 . said single carrier protocol, wherein said second frequency band is
substantially the same width as said first frequency band;
8 a means for receiving signal strength measurements of various
base stations in a first message from said remote station;
10 a means for determining that at least one of said various base
stations is single carrier compliant and that at least one of said various
12 base stations is multi-carrier compliant; and
a means for transmitting a second message to said remote
14 station that indicates that said remote station should begin receiving
messages in accordance with a multi-carrier protocol in a third frequency
16 band that is larger than said first frequency band, and wherein said second
message also indicates that said remote station should begin transmitting
18 messages band in accordance with said multi-carrier protocol on a fourth

frequency band that is larger than said first frequency band.

23.  An apparatus comprising:

2 a means for determining that a remote station is receiving
signals in a first frequency band in accordance with a single carrier protocol;
4 a means for determining that said remote station is

transmitting signals in a second frequency band in accordance with



14 station that indicates that said renote station should begin receiving
nmessages in accordance with a nulti-carrier protocol in a third frequency
16 band Wab/7s40 arger than said first frequency band, anBCWusei1s70sai d
second nessage also indicates that said renote station should begin
transmtting 18 nessages band in accordance with said multi-carrier
protocol on a fourth frequency band thgg is larger than said first
frequency band. 23. An apparatus conprising: 2 a nmeans for determning that
a renot & stati omaidssirgteicairrigr prbg)mllsw}rermrf isaid steagl dnayudnandbamd is
accordance with a single carrier r goco 4 a_means for determ ning that
said remote stathBH? ﬁyéﬁgﬁ?]ﬂei tjft |3§r§§11§ firgt equePaEquency band in

accordance with V\OOJa/ 440 ¢5) égg} 5163}] r

pr ot ocoP, wher ei n sai ﬁgec%nﬁrcequég%ﬁ%n é%srﬁ %"{%ﬁ?@ %f’ﬁ/ﬁt%éeﬁé%?re

width as said fibas¢ sfatiegsencyfitsndessdga frovansmid eemoée saviong si gnal strength

measur Hents of various base stations in a fi %ﬁtgegsgge from sai renot e
R

stati of? 10 a nmeans PJMeARt dPhidsisiguping thet pb said VAIQHS Hase base
stations is si “%{a‘%lo‘}f%rr%s £l 16 QAR A m ng{i&'néﬁﬁ&tﬁét Atel%%t MEoPLaid Al iygs | ous
12 base stations is nult arrler conpliant; a nmeans for transmtting a
second1Zessage besesatatiorsnstreulttéaniatéompliat; i ndicates that said renote
station shoul d begin receivi g nessaq es in accordance with said single

carrier protocol frof S%285af0n LEaPMIEIRg ea feconfymessaghidonstd {mofons
that igy ”Ug%dncﬁf'ﬂ‘rt'hb‘?Hn‘H?Jf’ﬂ%bé aMat | gmaa}r&n&é Sétatﬁ#\eg}@gfd’ 9@% ’ @%hqvﬂr?g a
various base

means for transmttin romsaid at [east one of sal

stations t massagesmin talcemaiajmemrthrqahd aiglescayniel spriotoad cloonhasaiel af tdassai d
20 si ng%e carrlfer rotocol, to said rgl%tTte st tlon in said first fre uency
band; &Ad BRI aarlﬂuénb%ss. ationy Bk s grullreatipy comntions Basic diist i ons
that is milgtdy,eddy Bahg! ghdconpliant, said second frequency band for signals
transmtted |qn ccordance with said si ngl e carrier protocol in said second
frequeh8y band. a means for transmitting, from said at least one of said various

base stations that is multi-carrier compliant, signals in accordance with said
20  single carrier protocol to said remote station in said first frequency band; and
monitoring, from said at least one of said various base stations that is multi-
22 carrier compliant, said second frequency band for signals transmitted in

accordance with said single carrier protocol in said second frequency band.



