HANDOFFS | NAW RELESS LOCAL AREA NETWORK BACKGROUND

FI ELD [ 0001] The present disclosure relates generally
woOaot7adexomuni cati ons, and nore particul arly, PCD/US2006/038108

systens and nethods to support handoffs in a Wrel ess

Local Area Network (W.AN). BACKGROUND [ 0002] W.ANs

enabl e users to roam ar ound é | ocal geograEhl (L:Jsregl on
whi | e mai nt ai _ni nnecti on_to a networ i ng an
air HAYPOIES INA WIRELESS EHEATAREA NETWORK
pl ug any nunber of w reless devices into the network.
The reach of the geographic region covered by a WAN
can be expanded by usi nEAlﬁK(t?R@Uéﬂhccess poi nt's
connected to the sanme network. By way of exanple, a
Hdoer of nultiple access points nmay be distributed

di Y ees a. seanl es
O et (st ! el FETE REGE R AiGARSH. 558 more
partichldilygto MisNes amy nadisods bce s@botihahfoffOES WikeRWE 1Gcal Area
%ﬁers to access one [nternet connection. The
N]%@(@ﬁrf% ks for WANs continue to increase at .
ast ronom cal rates as technol ogy i nproves and cost is
BAGHGREEND[ 0003] A st andard pronulgated by the

LO00RL SWLANR o5 Wi o Sl QL1 aRPERSG Srogion whie
mautetining atcedndotioh e a hap«lodk gUsing lan @fr iMkAbe, a Blitbat264s8 point may

RF I AN_t echnol ogi es. t hat have gai ned
b%e%e&ﬁgﬁea 37 TURber gl gurelsss daviget due Rhe Bcipierer diheyreach of the

pﬁite%_%]éh §8@e|réd? by%%ﬁﬁﬂhé b YkpiRIel hﬁ/‘uénggrznultlﬂe access

ese snal | er geograp i C reglons
P‘?léﬁs epnragtadgo dhe Reresshedrk Abgyay Neofomkple, RANsber dfomelRple access

h I h ane ra hi c
ol B RGR yUHRLEF DAL SO BSSHBIC oe
ndd@2ikldonndtRneRBRGEAE R Ol odg'li@ﬁteth%ﬁﬁhﬁxgc ARG éaééﬁbe setup |

well as others, is the direct results of increa o
inchomass Ao wiRsEIIFle LSwp e pecsss ex Biemetoconpeationk Baspabsibilities

for YPLERE coLthggﬂ) J&eé%g Nl 8Y2n38 mil 6&%}%3%%E0Wmoves and cost

connectivity UsSer froams t
isedduced.ent mst hods shoul d be enpl oyed to handoff the
wi rel ess device fromone access point to another.
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Elgg?rlleae)r/s (IEEE) called 802.11 or Wi-Fi has substantially contributed to the rapid
growth of WLANSs. Bluetooth and HomeRF are also WLAN technologies that have
gained acceptance in the industry. Bluetooth is generally employed in smaller
geographic regions than IEEE 802.11. These smaller geographic regions are generally
referred to as Personal Area Networks (PANs). HomeRF, on the other hand, typically
has the same geographic reach as TEEE 802.11, but is not as popular as IEEE 802.11.
The emergence of these WLAN technologies, as well as others, is the direct results of

increased consumer demand for wireless access to network based systems.

[0004] To achieve seamless network connectivity as a user roams throughout the
WLAN, efficient methods should be employed to handoff the wireless device from one
access point to another. These methods should be configured to minimize the delay

between handoffs, as well as reduce the failure rate of such handoffs.
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[0008] Another aspect of a mobile communications device is disclosed. The mobile

communications device includes means for accessing a database having service quality
information for each access point in a WLAN, means for using the service quality
information in the database to make handoff decisions between the access points, and
means to handoff the mobile communications device between the access points based

on the handoff decisions.

[0009] One aspect of a method of handing off a mobile communications device

between access points in a WLAN is disclosed. The method includes accessing a
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[0014] FIG. 3 is a flow diagram illustrating the functionality of a processor in a

mobile device.

DETAILED DESCRIPTION
[0015] The detailed description set forth below in commection with the appended
drawings is intended as a description of various embodiments of the invention and is not
intended to represent the only embodiments in which the invention may be practiced.
The detailed description includes specific details for the purpose of providing a
thorough understanding of the invention. However, it will be apparent to those skilled
in the art that the invention may be practiced without these specific details. In some
mstances, well known structures and components are shown in block diagram form in

order to avoid obscuring the concepts of the invention.
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Telephone Network (PSTN) 116 for telephony applications.

[0018] While the user is outside the WLAN 106, the mobile device 102 uses a cellular
Wide Area Network (WAN) 120 to support communications. The cellular WAN 120
includes a Base Station Controller (BSC) 122 supporting a number of Base Transceiver
Stations (BTS) dispersed throughout the cellular coverage region. A single BTS 124 is
shown in FIG. 1 for simplicity of explanation. The BSC 122 communicates with the

MSC 114 to provide user access to the PSTN 112, or the IP network 110. Although not



includes a Base Station Controller (BSC) 122

supporting a number of Base Transceiver Stations (BTS)
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single BTS 124 is shown in FIG 1 for sinplicity of

expl anation. The BSC 122 conmguni cates with the MSC 114
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connection is established, the user may use the mobile device 102 to access the PSTN

116 for telephony applications or the IP network 110 for data communications.

[0021] As the user roams through the WLAN 106, the mobile device 102 may be
handed off between access points 108a-108c to maintain network connectivity. The
decision to handoff the mobile device 102 from one access point to another may be
based on a variety of factors. In at least one embodiment of the WLAN 106, a central

database may be maintained by the server 112 with service quality information relating



116 for tel ephony applications or the IP network 110
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searching only those channels where a neighboring access point is known to exist.

[0024] FIG. 2 is a functional block diagram illustrating an example of a mobile device
capable of supporting both cellular WAN and WLAN communications. The mobile
device 102 may include a cellular transceiver 202 and a WLAN transceiver 204. In at
least one embodiment of the mobile device 102, the cellular transceiver 202 is capable

of supporting CDMA2000 1x communications with a BTS (not shown), and the WLAN
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interchangeability of hardware, firmware, and software configurations under these
circumstances, and how best to implement the described functionality for each

particular application.

[0026] Referring to FIGS. 1 and 2, the mobile device 102 may be configured to
periodically search for a beacon from an access point in a WLAN as the user travels

through the WAN 120. In one embodiment, the mobile device 102 is configured to
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these metrics to update the information in the centralized database. In addition, the
server 112 may also compute various quality metrics of its own relating to the network
connection in the reverse direction, and use these metrics to further update the

information in the centralized database.

[0028] The processor 208 may compute the delay across the network connection in
the forward direction by any suitable means. In at least one embodiment of the WLAN
106, date and time stamps may be used with packets transmitted from the server 112 to

measure delay across the network commection. More specifically, when a forward
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lost packets by any suitable means. By way of example, packets transmitted from the

server 112 can also include sequence numbers, in addition to time and date stamps.
When the forward direction transmission is received by the mobile device 102, the
sequence numbers can be extracted in the processor 208 and used by the algorithm.
Based on the sequence numbers, the algorithm can determine which packets have been
lost. The number of lost packets can be transmitted back to the server 112 to update the

centralized database.
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change with time.

[0035] In step 312, the processor measures the varying signal strength of the beacons
for the base and candidate access points as the user roams through the WLAN. This
may be achieved by sweeping the tuner in the WLAN transceiver through the operating
frequencies of the candidate access points when the mobile device is sleeping. In the

event that the processor is supporting an active call, appropriate buffering may be used
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[0037] Should the processor determine that the radio connection between the mobile
device and the base access point remain in tact, the algorithm loops back to step 308 to
access the centralized database and continue monitoring the service quality information
for the candidate access points. Alternatively, if the processor determines that the
mobile device should be handed off to a candidate access point, the algorithm loops

back to step 306 to register with the MSC. Through the registration process, the MSC is
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[0040] The various illustrative logical blocks, modules, circuits, elements, and/or
components described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic component, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but

in the alternative, the processor may be any conventional processor, controller,
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togﬁe QIE“O)(‘H‘ foethgte 8“%5“%}% slajl ippbgef arp reXB"ﬁWYJt‘WFPqT@iF’%héEm by
reﬁ%&fe@gﬁxdﬁ%@' HRHIBOWD e chdiEnkded ltﬁhstﬂéjr s TeloBvERYnothing

be coupled to the processor ‘such at t processor
discdesed dweein n§ ontenielon Her dadjcatedotovihe tpeblin fegandi¢ssaf wissther such

the storage .nmedium, .| . . .
dlsclilosure 18 ex%ﬁcxH? fecited in the claims. No claim element is to be construed under

LD

L.

the provisions of 35 U.S.C. §112, sixth paragraph, unless the element is expressly
recited using the phrase “means for” or, in the case of a method claim, the element is

recited using the phrase “step for.”

WHAT IS CLAIMED IS:



the alternative, the storage nmediummmay be integral to

the processor. [0042] The previous description is
wonrowviddextot o enabl e any person skilled in the act/use006/038108

practice the various enbodi nents descri bed herein.

Various nodifications to these enbodi nents will be

readi |y apparent to those s AIIed in the art, and the

generic principles defined herein may be applied to

ot her enbodi nents. Thus, CRAIMSI ns are not intended

to belimted to the enbodi nents shown herein, but is

to be accorded the full scope consistent with the

| angpage cl ai.np, wherein reference tg .an elenent in
the L ng FROTLE CRBFTITHEABRA - RUERISIBHe and onl y

one” unl egs,:5R86d t&ilduyedS B Shaded d*a%asreah%ﬁ%"sgigﬁ%egguamy

_nore." AU structural and functional equivalent
inforenation Sorgfach hecesmpaintus acWhAN. thapocesechdibefirther configured to

e OhE ST b RS 0 BBl B R aos b ong peween

thamecegg(pﬁﬁgg,bﬁﬁincor porated herein by reference and are
i ntended to be enconpassed by the clains. Mreover,

not hi ng di $6hQAAr REABIRed B hiRAdEE honiRecARGLER S s device
to the public regardl ess of whether such disclosure is

basypen e vEeess peintséwsédron the hendaifidecisims ghasierbydhepionessos
to be construed under the provisions of 35 U S.C. 112,
si xth par 8oy apbile goineswichtiensedeaiendf dlsimek priessh yhe processor is

recited. using the phrase "neans for" qr, in the case .
Fls e, SR 01 Bt ek eeton suit &t it ffiabese being
loBRE@SE theSkepRrfOr." WHATIS CLAIMED | S: CLAIMS 1. A

nobi | e conmuni cati ons device, conprising: a processor

conf 3 gur eghd GnAGReSSmAARLABRS BBy | B9 cBEHY I CRIABR!otbrisi
i nformation for eachmaccess poi ﬁte?!n aC%LﬁAN, tﬁt‘élb‘@ Clom{msmg
mpmotyelsyorg theidagbdser t her configured to use the service
quality information in the database to make handof f

deci 4i onsThetmeidle tdhamasicesemspddvides pf afvdma 1t whaere theekervice
configured tqg hando Eﬁthe bi | e _conmuni cati ons devi ce
Qg sEATAen dREEss G5t 1o 125 AACHFL (0 deafTERsTRe information for

mgggggkqgamg%QEHQy the processor. 2. The nobile
conmuni cati ons device of claim1 wherein the processor

i S fyrtheg,e %Eilﬁ ldf)ﬁnglutn aﬂgﬁsgﬁe%ﬁd% Cﬁ” d18 m@%e&%ﬂ 'ﬁ?eclgljog&sor is

with a server, the database being Iocated on the
fusthenemfigBred therprbishid detaynjiner iist parked ey date eabr cdt@inforination
fofr %glgho Echecz(in:)crggsrsl I?oligtg when the transceiver has a radio link with said one of the

access points.

6. The mobile communications device of claim 1 wherein the service
quality information includes loading, dropped call rate, or peak traffic information for

each of the access points.

7. The mobile communications device of claim 1 wherein the database

further includes a neighbor list for each of the access points.

8. The mobile communications device of claim 7 wherein the processor is
further configured use the service quality information only for the access points in the
neighbor list of one of the access points to make a handoff decision when the transceiver

has a radio link with said one of the access points.



menory having the database. 4. The nobile

comuni cations device of claim1 wherein the service
wqued7ioy320o nf or mat i on i ncl udes delay, jitter, | ®61/US2006/038108

packet, or data error rate information for each of the

access points. 5. The nobil g conmuni cations device of

claim4 wherein the processor is further configured to

updat e itter,. |ost gﬂ

r at § i nf 3’&1 gtaﬁyfijjpmgﬁlézafé?ns evu%ggégsainﬁgf A Eﬁﬂ Ghe Q:Latabase
incidRE 3G9I c¥ Juali3Sn@ri@ebofdr laffulifybfsaeeds ot d daaeond WLAN,

access points. 6. The nobile conmuni cations deV|c

thecpraassdr el Birther ernfigured toaise dha seryics AvBHYMPERALION R 13 make 2
haqrﬂ%)ﬁ%z%)% ad ngé agc%egg ggﬁlh  GRlnhe HALAN t8ran8%¥ aE&e@g fpbﬁlt in the

eac € access points.
SedmngAmmmm cat! ons devi ce of cl a| m 1 wher e| n the ,
dat abase further includes a neighbor list for each of

t he 1gCceghe PRbRIS codmuhit@tioRbidbce @fmalathc at fupthsr demiptieing a
of claim7 wherein the processor is further confi

seaosd tanecesvar wookauyedike mAItHA Y 1IEI0 brk Bithy? hase staHen T Bec‘guumr
ts,
I s

linkl anscei ver has a radio link with said one of the
access points.9. The nobile comuni cati ons devi ce of

claiim 1 vA&osile céiipudRbadasivicecdongesinger vi ce qual ity
information for a plurality of acces\wg ints in

Second WeANOCHH SSTSEUES BERH RURHER CORTSIGICEED perver
haglzlg tsdaga agé VifEseAHa éﬁéﬁtﬁ/ 'Mfgfrﬂﬁfdn%ﬂﬁ%hﬁﬁﬁ@ &t faand ‘i’fofnts ina

n fromone access point int WLANt o anot her
WRAGESthe RbMssdrnbdine femlsmnchn¥igindd toOaccTisethopdrtabiase and use the
connunlcatl ns device o

aiml he
seEvacso AvRILY JROERANAY 11t Ahf @@@L@& tPomﬁ%‘? 5?%%‘1[%#5 gn}g‘%},g Bejviten the
ac stsﬁoﬂxft ﬁ station in a cellular WAN, the processor
irther configured to support conmunications

over the I adl ol LNKnsbhred \dRBIdbE HE FHBYIe CRnidfiSications device

devi ce, conpri sing: X]%r ocessor configured to nmaintain
betw kst the adcesOpuirs based oni thithandoéf deeisicnawiadg b thtaprapeser-
with service quality information for a plurality of

accegs POrHY snobile oviirAiicdtivas pleoze sefoclainei lgwhareithére service
configured to access the dat abasi and use the
quality information includes delay, jitter, lost packet, or data error rate information for

each of the access points.

13.  The mobile communications device of claim 12 wherein the processor is
further configured to update said delay, jitter, lost packet, or data error rate information
for one of the access points when the transceiver has a radio link with said one of the

access points.

14.  The mobile communications device of claim 11 wherein the service
quality information includes loading, dropped call rate, or peak traffic information for

each of the access points.

15. The mobile communications device of claim 11 wherein the database

further includes a neighbor list for each of the access points.

16.  The mobile communications device of claim 15 wherein the processor is

further configured use the service quality information only for the access points in the



service quality information in the database to nmake

handof f deci si ons between the access points; and a
wonerTgaeizoer configured to handoff the nobil e PCT/US2006/038108

comuni cati ons devi ce between the access points based

on the handoff decisions mage by the processor. 12.

The nobil e communi cations device of cIain111 wherein

t he erv |nf
e IRE 5 5 T el GRS TEHEF b ER e g oncoiver
had 9FadffEhk @ith 558 A6 6L &% REIsHP6ints13. The nobil e

conmmuni cati ons device of claim 12 wherein the

pro‘i*?SSOfA IndbflLE hni%%k{dsgi%@(é dothpigfhat e sai d del ay,
jitter, lost pac or data error rate information
for one amfemdrg hm@sa sleiahass Wi seiiset Aupiy dnfesmatigy for a

a radi.o |ink ne of the access points. 14.
Plugplity b Bpqess B‘B\f%ﬁﬁiﬁﬁ?‘ﬁs devi ce of cl ai mpll wher ei n

the service qualit ormati on, i ncl ude .

dr opped é‘aP‘fO%?Sé% Cg?)ﬂ‘ %CLIEO t‘*ls%lfqaﬁ!’ @elivﬁqeoﬁﬂa&ﬁy dﬂpoglg?tl on in the
dafBEL t8imdiB %aﬁ&ﬁ?§§:1§?&isrﬂe§wee%5he ddeessiPhts;Qnd

conmuni cati ons device of claim 11l wherein the dat abase

further i nﬁ%ﬂ@&?rgﬁ c{?ﬁfgﬂ%% HandbeeftRE n&AGR Brhlifcations device

access points nobi | e conmuni cati ons devi ce of
beohehnthel &ccedrgrogitn baded oprtaciesgoff desisions iade by Brefprgeased.

use the service quality information only for the

accexs poitet mobile tdoameingdiions ldegite aff daien dff wherelmcthesservice

points to make a handoff decisio thetr n
iy 8 TorEalion MARIeRGEHYSHEel, GROPERCt e e B85 6 fipgation for
ea%lzoftﬁcg%gé Hii@Muni cati ons device, conprising: nenory

avi ng a database with service quality information for

a plyyal ity oh,acs Tﬁ&uﬁ%tﬂﬁ defhic&of %ﬁl 18 wiHeRGf BROrocessor is
confi’gur e %40 Use The service qgual i I nformation in

fukther chatighrdeo bpdareksd hﬂafaglpﬁtﬁerdbsu mchcts obéa;twegnr tal:femformatmn
access points; and a transceiver conf

to
for ae phHiel CESrRATME DD SR DESOFINE St ﬁ%‘% é%‘csé‘k §iclof the

ased on the handoff deci sions rrade by the
acg‘?%rcbtgglst%r 18. The nobil e comuni cati ons devi ce of

claifg 17 rrr%brlet{l)%uﬁ&rﬁ 1tffs odé@ cbté’f LRfRriRineRin the service

I ncludes ay, ter ost or data error
qﬂa@tyﬁﬂf@lﬁ@hﬂﬁhhﬂﬁdésdbacﬁﬁgh:lropSpetlmallavatt:e913 peadi maffic information for

each of the access points.

21. The mobile communications device of claim 17 wherein the database

further includes a neighbor list for each of the access points.

22.  The mobile communications device of claim 21 wherein the processor is
further configured use the service quality information only for the access points in the
neighbor list of one of the access points to make a handoff decision when the transceiver

has a radio link with said one of the access points.

23. A mobile communications device, comprising:
means for accessing a database having service quality information for

each access point in a WLAN;

means for using the service quality information in the database to make

handoff decisions between the access points; and



19. The nobil e comuni cati ons device of claim 18

wherein the processor is further configured to update
weaiai/idedzay, jitter, |ost packet, or data erroPCTAIS2006/038108

informati on for one of the access points when the

transceiver has a radio lingywth said one of the

access points. 20. The nobile comruni cati ons devi ce of

claim 17 wherei,n th ervige LV, Lnf t

el udes goHgnaas SiERbHE pRMPLpekioR YR eRibep, e access
poinftREEREL B8 HhRdofeasdsiols. t he access points. 21. The

nmobi | e conmuni cati ons device of claim 17 wherein the

dat ghase o WdMeS of rlﬁh&'iqgsot? A @lBb Yonkh&dicdtidhs eRefte Obetween
the access points. 22. The nobile comuni cations

acateypaintsaf a SVRAM, gorhpmsing:ei n t he processor is further

configured use the rvice quality infar I: [ M

For the tesats g dibere, Tord s Gl PREfhiPoRs dyice, the
dafaPRe MR SRR YualitylinfaticRtian Rarudoh bf the acsdso pointeein theiVLAN;

transceiver has a radio link with said one of the
anéccess points. 23. A nobile communications device,

conprising: neans for accessing a database havi nq .

servi ce gsiakithy sérmice qualitydnformatierminthg datebasedgimgke) hdggision

AN, nea for using th .\ C ' k: [

wheEie e PRSI demP b e R GalSlebinta R R 8 access
pofftE RSSseBOh Wi ofaRsliRagspdims.handof f the nobile

comuni cations device between the access points based

on tihe handofbind@chs trRns . 242 4urtthr retpeding! horigd off dief mobile

a mobi |l e comuni cations device between access points
commenioAtiahy deierpfrpwi th firdone 9§ itheyacsedaoipaietrrsrmdene of the
alcnDbl | e communi cations device, the database having

CBFPPOE quality information for each of the access

points in_.the N; .and usi he servj.ce Lt
ot Gt (Bl TR0 aiaach A a RS, BHRbde 4 gervork
co#qﬁeclﬁ%ﬂ deftf atd2e/erRioheh Gk BBtIfORS a0&s Peinty, emdavherein the
irst one of the access points to a second one of the
dagebosssis ap@isspdgverBie NPIEOTEPPRIGUSA- clai m 24 furt her
conpri si ng handi ng of f- t he nobil e comuni cati ons
devi2de friim mhdofjof staimrid wherehethg clawbasepssidessin Hempe in the

second one of t ge .
mobile communications device.

28.  The method of claim 24 wherein the service quality information includes

delay, jitter, lost packet, or data error rate information for each of the access points.

29.  The method of claim 28 further comprising update said delay, jitter, lost
packet, or data error rate information for the first one of the access points while a radio

link exists with the first one of the access points.

30.  The method of claim 24 wherein the service quality information includes

loading, dropped call rate, or peak traffic information for each of the access points.

31.  The method of claim 24 wherein the database further includes a neighbor
list for each of the access points, the neighbor list for the first one of the access points

including the second one of the access points.

32.  The method of claim 31 wherein the service quality information is used

only for the access points in the neighbor list of the first one of the access points when



access points. 26. The nethod of claim 24 further
conprising maintaining a network connection with a

weenwvadi2hr ough the first one of the access poPaTAS2@6M38108

wherein the database is accessed over the network
connection. 27. The nethod fg claim?24 wherein the
dat abase resides in nenory 1h the nobile

ommuni cati ons devi ge. . Ih t hod o [ -
ey PR AR ST R TRSFT F5PT SRS i odheg boints to the
secdfll B¥e of tht b&dess pQiats. packet, or data error rate
information for each of the access points. 29. The

nmet hod of claim 28 further conprising update said
delay, jitter, |lost packet, or data error rate
information for the first one of the access points
while a radio link exists with the first one of the
access points. 30. The nethod of claim 24 wherein the
service quality information includes |oading, dropped
call rate, or peak traffic information for each of the
access points. 31. The nethod of claim24 wherein the
dat abase further includes a neighbor list for each of
the access points, the neighbor list for the first one
of the access points including the second one of the
access points. 32. The nethod of claim3 1 wherein the
service quality information is used only for the
access points in the neighbor list of the first one of
the access poi nts whenmaki ng a deci si on whether to
handoff fromthe first one of the access points to the
second one of the access points.



