WO 2005(119989 PCT/ US20051019166 1 SYSTEMS AND METHODS FOR PACKET BASED
HANDOFF | N W RELESS COVMUNI CATI ON SYSTEMS Cross Reference [0001] This
application clains priority from Provisional Application No. 60/576, 194,
filed June 1, 2004, entitled "Radio Network Controller Hand Of' and is
assi gned twoOt20es/11288¢i gnee of the present application, wiEbS2es/A1%660r por at ed
by reference in its entirety. BACKGROUND Field [0002] The present

di scl osure relates to communications sydtems, and ampngst other things, to
systens and techni ques for packet routing in wreless conmunication systens.
Background [ 0003SYSTENMS AN MITEHODSFORIPACKETBASBDAXANDOHK al | y due to
an increasi ng nunber of o) | @M j of new
applications. Wde ar ea%%mgi %S%MI encing rapid
subscri ber growh. Currently, there are many efforts underway to provide

data services on wireless access networks. [0004] To facilitate data
services in mobile wireless tel ecofrossiReferenee systens, it is desirable to

al I ow nobi | ' S [ Nk =l ' rk
attachment PO aREBpBRHER oS RAHS, ANE Probiiin AUleaRE K, SSTEINET
data net worfied he ¢ 0200 Némialed GRadid Natkeorkl Cohvollerdlant ©fEqunidpsressigneditogbeer al
(e.g., the "Mdbile EP'" standards pronul gated by the_|lnternet Engineering
Task Force (@psnee pi e present applifation. whighys ncp@ma@/dégrrgfeee@c% @F‘Qﬁmg‘%@mdar ds
proposed by the European Tel ecomrunication Standards Institute (ETSI)), one
way to provide the desired network address transparency is to enpl oy

"mobi lity agents." These are net woBAGEKROEEN0des that route communication
content on behal f of nobile nodes as they nove around the network. For
exanpl e, according to the | ETF Mdbile IP standards, a nobile node's

mobi lity agents may consist of a "homeFagent" routing node and may al so
include a "forei gn agent” routing node. The hone agent |s a rouéi ng node in

the nobile B2 Fhe prgient disglgpure rakales tpgpmmanications sRyteRts Rn¢ ppengshether

on the
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Background
[0003] Traffic on the Internet is growing exponentially due to an increasing number of
subscribers and the introduction of new applications. Wide area wireless networks are
also experiencing rapid subscriber growth. Currently, there are many efforts underway
to provide data services on wireless access networks.
[0004] To facilitate data services in mobile wireless telecommunication systems, it is
desirable to allow mobile wireless nodes to change their link-layer point of network
attachment without reassigning a new network address. According to current data
network telecommunication standards for mobile equipment in general (e.g., the
"Mobile I?" standards promnlgated by the Internet Engineering Task Force (IETF) or
the General Packet Radio Service (GPRS) standards proposed by the European
Telecommunication Standards Institute (ETSI)), one way to provide the desired network
address transparency is to employ "mobility agents." These are network routing nodes
that route communication content on behalf of mobile nodes as they move around the
network. For example, according to the IETF Mobile IP standards, a mobile node's
mobility agents may consist of a "home agent" routing node and may also include a
“"foreign agent" routing node. The home agent is a routing node in the mobile node's
sub-network that maintains a network interface on the link indicated by the mobile

node's "home address,"” which is a network address intended to remain assigned to the



nobi | e node for an extended tine period. When the nobile node is away from
its hone sub-network, the honme agent intercepts conmunication content bound
for the nobile node's honme address and tunnels it for delivery to a
"care-of' address assigned to the nobile node when the nobile node

regi sters OYO B89N sub-network. The care-of addr esBCREP200809K6 addr ess
of a foreign agent routing node in the fpreign sub-network. [0005]
Correspondent nodes wi shing to conmunicate with a foreign-regi stered nobile
node are able to address their conmunication content to the _nobjle node's

home addr esdnobilgngdetos am prteded time peapdn Hihenthegpotilsmodsis avay fopeitchameed by
the home agegi,. 'ﬂfkﬂ?cl | | Sl?chsc 5 asldresonignd

del i vered t% %ﬁe mr)lf)l e rﬁagc%ﬁn%%gpﬁ%gﬁﬁsu - oﬁ%&ﬁ%@&d Nor mal 1érﬁal(;uti ng may
be used for modeisihomge adsiress and wmelnit fertdebvery tma Guate-6fF addressiagsigneditd thenode t o

t he correspondent node. [0006]. The faregoing routi o | Sm ¢ be used
for nobile vﬁl&ée]l%élg eWﬁfﬂ’e erq?g ﬁg%‘t%éﬁglf% Qnﬁgpgf%ﬁug%ﬁ%é?‘m?caﬁﬁpan air
interface. HauRYShay Be (e @ldredofa Yordigh Ggent kdutinf od@Rithefordipresupsetwatie | s

bei ng activela/ transported while conmuni cating over the data network and a

cal | handof f[005] Ceggsnoadent nedas Srighing:lgi compumicate; with pforeign-zseditered mopile ¢ hat
case, the ol | e I : r Ld e the
new base stngfj ?%ﬁ%};@%ﬁ%ﬁc&é&grﬁﬁr %ﬁnélbl{gér% E@%Ir:&eh-to ?oaglgrngodsbgg ngC‘E"jlelﬁjsl ﬁanaélgé? El"t hen
requires t hdfratsiperenttyo tre cormainiction cemeit isigtesepiied by thebwnieragantfapd taeled om t he
ol d care-of address, to.t,he n car e- .addr ess., 071, Further.. i n,sone

cel lul ar teltggﬁ'dﬂ llﬁtneﬂﬁgﬁ’ﬁfg@ sElgfcge_hg?reég)dtigg&%ﬂﬁaoﬁoq%nt[w Fﬂf‘?&@i‘ﬂ%’a in the
core networ knehworkt Nbﬁﬂﬁ‘i‘otﬂﬁl]gtrﬂﬂﬁ( RAEECHE SRR T cRirh@iication Gontét TR

I nternet Protocol Address, tor data conmunication with a wirel ess
communi cat i dhe mabileapode i thecorespandent noden sone i nst ances, the end point may

be a packet | =) @%Sps ' l.her (BSC) or
the like. A [ﬂgdr@(’)@ ? lf%-gﬁm%%{lbg TE](‘N.l en mpc"(‘)lln ??sﬁ&r?;f%@%g&%e\gﬁ%gesgw?% maintain a
m ni mum | evelonudcteddoradioreiga simnetwarkt Yia aar imarfrce.eHoive wdlr essproblegiamayf asise i nst ance

due to condi,tjons.i.n the core.network such as opgestion.or. |l ate to the
Tobi | & wi r eliE{56 Hege visbfean i e toedly Fletored PPRE pRI e YR B | on
tunneling enfpgicRtorkand 4 841BhMHHRk fef@redifRen 6@ rRdidfbastiditnto alothdrepl d  PDSN
to the care-of address of the new PDSN. E00081 Transferring the tunneling

endpoi nt of thaisaseathe olskbagelstptéarsmpnbe linked taongate-ofipddress, while thepewthgee ¢ i mel y
del i very of o 1 .. O - ] f content,
bot h of whi élflﬁcl?ghs %‘??&é‘@%ﬁ%ﬁ%%%‘{‘#‘%ﬁ g%lé ﬁd&fﬂ%ﬁ?@%ﬁ?{ §/h%f or voice

t el ephony. cBmmiuniraien tnhaimgfendpaittive tiansféxirdd frym die didhearclaf addiesswethe t 0

coordinate well wt he air
new care-otjgadarcss.

(0007] Further, in some ceilular telephony architectures a care-of address end point
located in the core network is utilized as the addressed communication, e.g. target
Internet Protocol Address, for data communication with a wireless communication
apparatus or terminal. In some instances, the end point may be a packet data service
node (PDSN), a base station controller (BSC) or the like. A handoff between PDSN end
points may be required to maintain a minimum level of communications with the
mobile wireless node, for instance due to conditions in the core network such as
congestion or latency to the mobile wireless node. PDSN handoff then requires that the
communication tunneling endpoint be transferred from the care-of address of the old
PDSN to the care-of address of the new PDSN.

[0008] Transferring the tunneling endpoint of the care-of-address may create gaps that
interrupt the timely delivery of call content, or result in out-of-order delivery of content,
both of which can degrade communication quality, particularly for voice telephony.

Such gaps arise from the inability of the data network to coordinate well with the air



WO 2005/ 119989 PCT/ US2005/019166 3 interface so as to determ ne the exact
time of handoff. Reorderings can arise when a new tunnel endpoint is
significantly closer to the hone agent than the old tunnel address. Delay
can occur between the point of handoff and the point at which the hone agent
begi ns routing comuni cation content to the new care-of address. [0009]
Accor di ngl YO PHEraNPs a need in a data network tel econmBEi/Esa0NBNIBYSt em
serving nobile wreless nodes for irrpr%ved call handoff w thout |oss of
comuni cation content. There is a need for systens and nethods that route

comuni cati on content during handoff so that a wreless device does not
experi ence #erfase 59 petodstammirieds xaef theidandafp Reorlerings cap gabe Vheia Re¥used by
the air int L : ' t hod of
tranom t 11 napeoasebint @ Bn e URker ethE i Sechn TR (Wbl o 07, 01
plurality ofbelayaaescauir bétwaed the point of tapdeffl emd the peint atdwhich thg hage agentecond
plurality o% frames wth a second I’OL{[ identififer and transmtting the
packets ~ovd&FS'ES RUHRE euRMpRAHion cORNER; ﬂg‘et“BWt%'? SHESY dent i fier. [0011] In
further entggiorenceordigly; BRR: ik @ heddid R AaIaStvask tdlecBmttuntlais sy ng
includes a portion that identifies a transm ssion route of the data packet.
[0012] | n arpbi@siizeleshredes fasdapiaved callhapdoffwitheut dessef porampnisnionSontent.

compri SeS_anollRhded BALyBHREAE n@urBbd i bk Bhnlh RS (AR YfitheHankdi?

wi rel ess conmini cation device over a wireless Tink each 1 ncluding one of a
plurality @b thaowivrelesedevide doesna atpeticpreantismble commumicatios comerit iagsrethehavi ng a
sane route jdentifier tq be, rocessfed toget her while not processing franes
havi ng di f fn tC?‘&ﬁ@BYﬁH Iﬁtleffé‘fesl 28%ether with the franes having the same
route identifier. [0013] In another enbodi nent, a device conprises an
interface that allows receipt and transm ssion of franmes and a processor
causing one of a plurality of routeSIUdEMARYers to be inserted into frames
recei ved at kNt e e LSS franes to one
access funct[(?dolﬁl gfénaér%ﬁo%%ﬂ’?ayﬁ]%ﬁ B%%@t@%ﬁt%ﬁ%%s?? aﬁg?&%sr %ﬁlgﬁlr}\alssi on to
access t er mcompsses bdeatflingofirstplonlitycofifdert wtarfirstreate idedtifietidentifighg & r ame.

[0014] In yet anofher epbodi ment, a wreless comupjcation device conprises
be lenst | otsoRt Py SHATRe TR sroomHoRe g Ben At R e pes

recei ved at ob4e WitclbR¥nk abRRdin2 Rt BO Rte i&tRifREUr al ity of frames and at |east
two route identifiers. The wireless conmunication device further conprises

a processor [BHALImirtherfanbadinggnta, p figme fprdransmission in a wireless network, includes
a portion that identifies a transmission route of the data packet.

[0012] In an additional embodiment, a wireless communication device comprises a
memory that stores a plurality of frames received at the wireless communication device
over a wireless link each including one of a plurality of route identifiers and a processor
cansing some frames having a same route identifier to be processed together while not
processing frames having different route identifiers together with the frames having the
same route identifier.

[0013] In another embodiment, a device comprises an interface that allows receipt and
transmission of frames and a processor causing one of a plurality of route identifiers to
be inserted into frames received at the interface and that causes transmission of the
frames to one access function of a plurality of access functions, for transmission to
access terminals, based upon a route identifier inserted into each frame.

[0014] In yet another embodiment, a wireless communication device comprises at least
one antenna and a memory that stores a plurality of frames received at the at least one
antenna, the plurality of frames and at least two route identifiers. The wireless
communication device further comprises a processor causing a first group of the

plurality of frames to be identified with a first route identifier of the at least two route



plurality of franes to be identified with a first route identifier of the at
| east two route WD 2005/119989 PCTI US2005/ 019166 4 identifiers and to be
transmtted fromthe antenna to a first wireless communi cati on apparatus
and a second group of the plurality of frames to be identified with a second
route i derWpRNBA1WYBY t he at | east two route identifiers PTAURWIHEI6G ansm tt ed
fromthe antenna to a second wireless cpnmunication apparatus. [0015] It is
understood that other aspects of the preSent disclosure will becone readily
apparent to those skilled in the art fromthe follow ng detai] ed

descri pt i on,idewidiesiandtabe wansmittedfeprelthe @plepeatodfirgt veixaless camnupiené nent s,
sinply by ' ' L i ot he g ' S

capabl e of V%ﬁ%%mgf%d& Eéj%c?’édf g‘%’? péﬁn%gm&n%%fgf,ﬁgﬁé& tlgt% gldeé{g@%dr‘g#ﬁgg%cgﬁ?s are
capabl e of nmodiefidentfieranfshd at lasar twoursute édeptfidrs anditol bewsahdmitted epithe i Ng  from

the scope of the di Sle?}iCt”'e' Accordi ngly, the draw ngs and description are
to be regar¥NLD 3 jeFoRd Yitglpsscommuy rEJ‘?\glea‘,Pp%’i*\‘ﬂl’s'not as restrictive. BRIEF

DESCRI PTI ON 1gh1 5] s adsfbbebthaOitiétlaspelc@ of thbAmdsent didcussbifealifl tacaStegdityt i | 1 zi ng

packet based handoff between access functions according to an enbodi nent;
[ 0017] Fi gs.appacentro thase skilled i the asyBeom shafolloving sgtajed deseripiipnewherginds f f

bet ween edge | ' i 3 ' - 3F

e e 22954 AR AP AR P AR i, 30
functions aceilrtdiregized) teainesriodiigwapitile bOSORG and Uiffereht emnboditneats cmdats
operational flow of packet hasgd e functi.on handoff between edge

et 1 ons. actutel Fp B aeeapaE BB opD B Oy resPogie; o) wiliqubdgaring .
operational #&dpmeQboRAtiNOdisel SRR U6 o)) tRAL MW REE MdHeB&iptioR aRto 8EDOdI Ment ;
[0021] FIG 6 illustrates an operational flow of renoving a |ink |ayer path
accor di ng t cegadedestibeptratdys in npOR 2jd Mt @s reprictiveist r at es nessage flow for a
packet based handoff according to an enbodinent; [0023] FIG 8A illustrates
a protocol stack for a forward Iink according to an enbodinent; [0024] FIG
8B illustrates a protocoBRIERDESCRIPTIONOFSEHE DRAWINGSIi ng to an

enbodi ment ; . _—
! [0016] Figs. LA-1C illustrate a system utilizing packet based handoff between access
functions according to an embodiment;

[0017] Figs. 2A-2E illustrate a system utilizing packet based handoff between edge
functions according to an embodiment;

[0018] Figs. 3A-3F illustrate a system utilizing packet based handoff between network
functions according to an embodiment;

[0019] FIG. 4 illustrates an operational flow of packet based edge function handoff
between edge functions according to an embodiment;

[0020] FIG. 5 illustrates an operational flow of adding a communication path according
to an embodiment;

[0021] FIG. 6 illustrates an operational flow of removing a link layer path according to
an embodiment;

[0022] FIG. 7 illustrates message flow for a packet based handoff according to an
embodiment;

[0023] FIG. 8A illustrates a protocol stack for a forward link according to an
embodiment;

[0024] FIG. 8B illustrates a protocol stack for a reverse link according to an
embodiment;

[0025] FIG. 9 illustrates a portion of a packet header according to an embodiment; and



[0025] FIG 9 illustrates a portion of a packet header according to an
enbodi nent; and WO 2005/119989 PCT/ U52005/019166 5 [0026] FIG 10
illustrates a bl ock diagram of an access function according to an

enbodi ment. DETAI LED DESCRI PTI ON [ 0027] The detail ed description set forth
bel ow i n cORA@S1IYS? with the appended drawi ngs is int#GAEF2WSOBIeescri ption
of exenpl ary enbodi nents and i s not int%nded to represent the only

enbodi ments in which the present invention can be practiced. The term
"exenpl ary" used throughout this description means "serving as an exanpl e,

i nst ance, of0026] 5Y¥3.r18tilustrates ahlock disaram ofon ageeseRInghon 3PcpditgdAdl r ued as
preferred or &ﬂ t ageous over other enbodi ments. The detail ed description
i ncl udes spéecitic details for the purpose of providing a thorough

under standi ng of the present invention. However, it will be apparent to

those skilled in the art that bﬂ‘ﬁ‘ﬁ%@mbﬂﬁgdﬁn may be practiced

W t hout these specific detail s™™l stantes, well known structures and

devi ces ar e [§R9\MIhé Bethilcascipon ST Edr BBldWinVordctib® wathahslappeadedr i ng t he
concepts of the present invention. [0028] Referring to Figs, |A-1C a

syst em ut i | idrawingsgabntendedasadeserintigoof expmplay gmbediments apd ot BYtendsd or di ng t o

an enbodi ment_is JJ | r : f P . &g@g{'ﬁ]{ ' wth
network 15 ﬁ?ée%ggdée ?"ﬁ& glt%lilgcﬁtsnc% q&g‘%{%‘aé ?e #éng%{léd ir?{r;lh,n%gléae ?:(%tfleg%egl(l)e

comuni cat eserii ‘eRe asdduhoipitous thidbdeacriptiél meahs Tservagpms ahenamplen 55
communi cat es withlﬁpﬁlgggss fun t'oné 60 and 65. Anot her network function 25
comuni cat edNSEIETH OF HABHRR. 125 é*ﬂ?]‘l PR eFESRRELY B eOnSEuea AS PEHCTSAOT (1 edge

function 70 ,gonmsBhidhvEsotiirlehiboameats The dehiddtesotiptioh tholies Yhtkife edge
function 85 comuni cates wth access functions 90 and 95. [0029]. In one

enbodi nent , dawilsfor theputpase of pravidingmhoreugh wdersfapding §f hegecseRidBYMEM-i s used
to indicate - ' ' : ' "Walg|

bet ween t he ﬁo%tv %g%ﬁ%ﬂgﬁ#ea?év?\%ﬁcﬂtﬂ@sgﬁfg ?l}égﬁ?ﬁg%?k&aﬁg{eg%ggtgﬁ?@lﬁg??% le n somne
embodi ment s prictiesdewligeout fhesecspecific tittails. do someinstahees, wélt kncan siwctess afidinct i on
may be a best .edge functiopn jn. ter of quality. of servi,ce, throughput,

| at ency, padR¥fFes Loy ip EE"’* H@apbgsr@ﬁ%?r%%tgégéd OF’WP{‘;SW %OBC?Esr#%F& t he
edge functi QRSedte@iehti&l t0 communicate with an access terminal fromthat

access function. For _exarg)l e, referring to Figs. |A 1C edge function 30
comuni cat e$0028] Referrngsto HigsntAiléhe sptera nidlizing packetibespddwmdeffibetwerfe f uncti on

30 is the access functions according to an embodiment is illustrated. A network function 20

communicates with network 15 and edge functions 30 and 55. In turn, edge function 30
communicates with access functions 35 and 40, while edge function 55 communicates
with access functions 60 and 65. Another network function 25 communicates with
network 15 and edge functions 70 and 85. In turn, edge function 70 communicates with
access functions 75 and 80, while edge function 85 communicates with access functions
90 and 95.

[0029] In one embodiment, an access function communication with an edge function is
used to indicate the edge function that provides most of the communication between the
network, or network function, and the access function. In some embodiments, the edge
function that communicates with an access function may be a best edge function in
terms of quality of service, throughput, latency, packet loss or the like for that access
function to perform the edge functions required to communicate with an access terminal
from that access function. For exampie, referring to Figs. 1A-1C, edge function 30
communicates with access functions 35 and 40, indicates that edge function 30 is the
best edge function for access functions 35 and 40. However, in such embodiments other

edge functions may transmit packets between access functions 35 and 40 and the



best edge function for access functions 35 and 40. However, in such

enbodi nents other edge functions nmay transmt packets between access
functions 35 and 40 and the WO 2005/ 119989 PCT/ US2005/019166 6 network. In
anot her enbodi ment, an access function may exclusively communicate wth an
edge functWOrR005(14998Rt anot her enbodi ment, an access f urRQT/E0ENdI166ge
function may be single device and connu%ication woul d be as signals within
that device. [0030] In one enbodi nent, "an edge function comruni cation with
a network function is used to indicate the edge function that provides nost
of the commuetwesk ilasnetbengehedinmat, an@esrsy functinn Mgt WsluRivelrfOMMHIcand t he

acoess TUNClfin chit ARRne T 00 IBALmIERGHIE aolHDRhE G kg oL oat o5

Wi th an access n on na est network function in tefns of quality
of servi ce, fulctioughpte singlatdevicy andpanioainidations wauld be e sighdewitbin thatat edge
function to performthe network functions required to communi cate with an
access terfitfi¥ fromthat edge function. For exanple, network function 20

conmuni cat e$00301 th orREdoliimat, iaf Bﬁ%ﬁﬁm’ﬂ&ﬂ cBRmunREiGAWRE ahBilorloRing@snds f unct i on

20 is the best network function for edge functions 30 and 55. However, in

such enbodi Wesdtta inslicats the edardbnction thee proyidles mast of therommunieatire barween ieen edge
functions 3?1et%9}, 3} n&@ﬂrkt F1GCHIRL W e adoBss sRNALRCH s%ER%?ﬂﬂsﬁ{fﬁems?ﬂ‘e%ggee
C y e Wth a networ unction. In yet

functi on may excl’usive comruhi ca
anot her enbdghctiemthat @nainicatds Withnaot dcosss andtiedgey beiabtst aetwosly/fupetionsnngl e

devi ce and conmupi cati on woul d be as signals w thin.that vice., [0031] In
one enbodi mEAES OE@%@ ‘.’frE]?e’EVFCSng’Fﬁ“ﬁgp'ﬁa]@??g?ys P?‘i]l‘a lﬂﬁﬁ%tlﬁﬁékegfgﬁ@ma%%ess of
access ter mgRtiomfd pefdin dlRA¥RvAR RiRESnd rquikel/th ZG8mBYicRE WK ad&sé 0 forward
t he packets to honme agent 10. Hone agen? 10, which may know the | ocation of

access t er nieyainabfomithat edgmiuaciipnofer espmplgy pedtierkifvadsion gl semmpigicaiss wiht he

packets for } 8 ﬁi?g'. ' tRr-m one
enbodi nment , e?%e:ﬁ]ﬁ%ir@s agél}# 55(; 3?6\%@3gé@ﬁgﬁgﬁeﬁéwﬂeﬁg%ﬁég function 30
whi ch is théucdoefmedgdilnains B0 and e Booeeasintsacinembddiments ofilvenetwlgrk f uncti on

30 forwards .t he packets to access functions 35 d/ 40, for over .the air
transm ssi ofUICHORSIRAGE NS Tt Rackefs betveen s88e mﬁ‘&f’“&%ﬁﬁﬁ‘ﬂ%é%‘i‘b&ﬁﬂ?woﬁﬁ&ss

term nal 50 andlRtichfbodinteha AR BlldeStuR@dol $hdy dxClubioar coﬁ_gﬁﬂfcaé@mhvugie@\boﬂ(hen

forwards the packets via network 15, nétwork function 20, and edge
function, 3duncfomde peigmptherambndingsit, ustewk finction prchedzs fansian maghsni ts the

packet s, - ol bk A AldicdiBh HobR as RYfkls Wiihfl iR lfollk 45 Lo access

term nal 50 e’ reverse
[0031] In one embodiment, device 5 transmits packets including the home address of

access terminal 50. This home address is utilized by network 15 to forward the packets
to home agent 10. Home agent 10, which may know the location of access terminal 50
through any one of various techniques, forwards the packets for over the air
transmission to access terminal 50. In one embodiment, the home agent 10 forwards the
packets to the edge function 30 which is the care-of address for the access terminal 50.
The edge function 30 forwards the packets to access functions 35 and/or 40 for over the
air transmission to access terminal 50.

[0032} To communicate with access terminal 50, device 5 transmits packets to home
agent 10, which then forwards the packets via network 15, network function 20, and
edge function, 30 to access function 35. Access function 35 then transmits the packets,
according to an air interface, over wireless link 45 to access terminal 50. In the reverse
direction, packets are transmitted over wireless link 45 to access function 35, which then
routes the packets via network 15, network function 20, and edge function, 30 to either

home agent 10, which then forwards them to device 5, or directly to device 5.



direction, packets are transmtted over wireless link 45 to access function
35, which then routes the packets via network 15, network function 20, and
edge function, 30 to either home agent 10, which then forwards themto
device 5, or directly to device 5. WD 2005/119959 PCT/ US2005/019166 7

[ 0033] Acc@®200%1A988al 50 nay nove fromthe area servi cRAI/B§20eWe®s function
35 to the area serviced by access func%ion 40. At sone point during this
notion, for exanple when access term nal 50 approaches a boundary between

the area serviced by access function 35 and the area serviced by access
function 40[0033} Agersstermingl Hmay mexefremdbe rep servigatihyr gccess AunglieR d3tq er ni nal

50. In So”etl{%@&déeﬂﬁ&tdﬁyg r?ﬁ st rldesiPAd. A6k kﬁﬂ@hﬁ%ﬁgﬁ%o&%, 3k OV for

over the air transm ssi et ween access term na access functions
35 and 40 dowhengccassrtemiingrdOappiohcheh ahdwidaryhetwcsd dbvecared S0@agd byfespesiandof f i s

initiated, access,termnal 50 can receive packets fromand, transm-t packets
Lo access f MEERDRS S8R dren seruCel vy fpie SnhBE S reieRLh A8 wehfrRREEo G

100, respechiRiifor AdtedseeRang 501 th fouentbolRiEAes Saft Nind6tf eaftibhdlismdp and 100
may both be active for an overl appi ngbﬁperl od of tinme, _In an enbodi nent, the

request may bperoyided fonnyer the aif dapsimistier batwean ageass rminal EhpkACASAHt s t he
request may : . ' LS I n comunication with

t he access {@ﬁ%@iﬁ-J?ﬁﬁ#b?ﬂﬁﬁ%%?&@ﬁgéﬁ@%h@ff@ﬁégdﬁ%dw function may request
handof f . Thi[é)3dhWhea hdnduoéf wslivdtiated)latdepd ermioglcdah meeive packetstiitam amd e

controlled or in co nicatiqQn wth_an edge function all.ocate resources to
the access ?%WH B%ﬁmé' F%aﬁcf’ﬁsg"'%g?? Q? piagd %f&%sé fynctien f‘@ vaeﬁeg@ E"sth‘go%dr el ess
l'i nk char act|gg,irédpb&tive Ve ah WsBOMB tdsuck aPequestanitelbssQiaRt 45 ¥nd 1000haEBAHPBe (CQ )
for multiple accéss functions to determ ne when handoff should be

initiated. PEDZIPr arevsrlapringpasiod of timge I anpiehodimenythe BUueshmaphe KB€e i nt ended
for receipt ' . I ' 0Oto
access f unctb ' éhr? aﬁgﬁgﬁeﬂﬁ%ﬂdﬁ?ﬁgﬁ&g}%&%{f{e r 1:e1§¥¥ ggglg((ge@gﬁ% hﬁ%% S?on 40
(Fig. 1B). Airction thapsiin canmbnitativa,withah adcessdermimad. I funtferenitodinsantss thef r om

edge function 30 tp access functigon 35 and wreless l.ink 45 s . closed
(Flo. 10, AfecmogipaoaetestiRodet: THis msg B do e TR SR BN w t
access ter fahade cBRtrolfedRe IV RBMMBHEAESE with 36 i fulionl allodits Rls&sesltd e 100.
[0036] In order to facilitate proper processing of packets transmtted via

wirel ess | i Arcesusmmaing. Jodievay. theadgafuncéen mpnhaveted wiselessilink chgecterstict he.
S L L R
edge funct i deteine wher handbfiehsuddibeinitibesdt i fi ers i nt o packets,

[0035] After receipt of the request, some of the packets intended for receipt by access

terminal 50 are forwarded by edge function 30 to access function 35 and some of them

are forwarded to access function 40 (Fig. 1B). After a period of time, packets are no

longer forwarded from edge function 30 to access function 35, and wireless link 45 is

closed (Fig. 1C). After wireless link 45 is closed, the communication path with access

terminal 50 is between access function 40 via wireless link 100,

{0036} In order to facilitate proper processing of packets transmitted via wireless link

45 and packets transmitted via wireless link 100, at the access terminal 50, packets that

are transmitted from both access function 35 and access function 40 include a route

identifier. In an embodiment, edge function 30 inserts the route identifiers into packets,

and then forwards those packets to the access functions 35 or 40 according to the route

identifier. In an embodiment, the different route identifier may be inserted into the

header of the packet, frame, octet, or other transmission segment or segments used by

the communication system. For clarity in the following description, a frame is used to

describe an octet, a frame, a packet, or some other transmission segment or segments



and then forwards those packets to the access functions 35 or 40 according
to the route identifier. In an enbodinent, the different route identifier
may be inserted into the header of the packet, frane, octet, or other
transm ssi on segnent or segnents used by the conmunication system For
clarity i nWh¥¥uP*8wi ng description, a frame is used tBCTAIBWOIIIBB6an oct et
a frane, a packet, or sone other transm'sssion segnent or segnents WO

2005/ 119989 PCT/ US2005/ 019166 8 that are used by the comruni cation system
The termframe may be used to nean any self-identifying group of bits that
may be uti | thabarcivseddybaremmunicatm syyemckhe e irame mayhe UsgdiQ@acap gAY ar e
identified w g -ngaeggu o= I W : : t her and those
frames havi ‘rél%lﬂ(}leg% r ntﬂ%t?éﬂa?glrea%héP?lgzreagllfaepé{g]?ﬁ%?%g)gss ggﬁ\'/vith t hese
frames. The [3Gt T fmgnesfthithes demtified withythe sapleudate identifiemndse processedier

deconpression, . dup]icate detectio I n-order ket delivery,t he hi gher
| ayers, dec?%ﬁe’bﬁg tb%@[mes RyeTs gﬁ‘? nt ’é".“g“. 1’der§ﬁf§r 5 nagexigg?ss%/da\y@h ° parti al
packet | 0ss fraftes. emistbéeksin® bf the Erak&Day incRid8 &dassbhd]y htadef décomipeessiognt i fiers
allows for nultiple wireless link instances from_ different routes to

si mul t aneoughplicasedstectien, in-ardgppasketdebvesy totherhigher layas, deeryptions pagketows a
sinplified ] hﬁgﬂﬁt I | | &5 t rk device
beimr::g used Gfsg%&fﬁgé%gf § 7 %ﬂ%? %a?e?ﬁgy’glgﬁipaﬁ%lﬁge{%%’ecausgéfg’ ﬁlgt\l}vgﬁfé%}?e may be
created to 40038 The uiearidaité dentiHfidieallawsdor inaiplegritaless dink pstancesrat i ng

protocol state. In one enbodinent, th route identifi LS i.hserted by the
edge functi g}f?er%{%?sigopmﬁtlapmgygp&ﬁ[aé Acpeps W?Lﬁ%f‘h?ﬁt"ﬂai%géﬁets are
transm tted sihRifidd BhriddffeBerhd ©kbelaRailddR: Egirde@iof tHe RSk IS viod Blindude®@ a Radi 0
Link Protocol (RLP). In some enbodinents, the RLP supports fragnentation of
the hi gher [enhapdefscilendetfrippimptifiedbicausegmeyaute apy deshiatedde achi¢ie packet s at
the receive . ' ‘ot ' cess
functions SEa%@f%&ﬂ%%aﬁ%ﬁglg{Pﬁ é?gm@%k’%grgm’gﬁ%@h?dtgﬁa é?ﬁqr?g'% nglr)]%;ﬁ?%rg, rl?ll ke for

t he packet s rout¢ ideatifier idinskirizd by thef adge frmntiat, networkafpnttionpetovi ded by addi ng an

RLP header i ncl udes sequ ing infaq t.ion. The, RLP recei ver then
per f or ns rei@é@@%@ﬂ“ﬂﬁ%a&ﬁsﬁgﬁw{t ViR AMOY FH mrté%ﬁ)r“il}‘é)g. In some
enbodi Ment s frahda@ addblAlingEY aREMPLink PRothdol RIEP)f TRERnSéBbsiReks RO awar e of
hi gher | ayer packet boundaries. The data unit for an RLP may be either

octets or aSenAees frremmertationeof theyhighea layerpasketefos trpasmipion and reassemipty Pf f r ane
header descifgsdidg kR &{?ér,se.gfacée%ﬁgﬁuﬁalf P ThehAY a"ing%ag&e‘rfh‘?g. atlhsd 8, 2%
r*'a nunber’. "% " 0040]

octet based sequence nunber 0 n rane payl oa An edge
functi on mayurbdomBs ardfpinappérfommdtaginenation naderiny, and elgelil@d fosthe phckets,

In an embodiment, fragmentation may be provided by adding an RLP header that

includes sequencing information. The RLP receiver then performs reassembly based on
the sequencing information received. In some embodiments, the RLP may support
multiple frame sizes and may be aware of higher layer packet boundaries. The data unit
for an RLP may be either octets or another RLP frame payload. In some embodiments,
the RLP frame header describes the contents of the RLP frame payload either using an
octet based sequence number or an RLP frame payload number. .

[0040] An edge function may be any combination of functionality, regardless of
physical locations, that allows receipt of packets of one or more protocols and
transmission of the packets, or information contained therein, to one or more access
functions or other functionality for transmission over a wireless link. An access
function may be any combination of functionality, regardless of physical locations, that
allows communication over a wireless link with an access terminal. An access terminal

may be any functionality that allows for communication over a wireless link. A



physi cal |ocations, that allows recei pt of packets of one or nore protocols
and transm ssion of the packets, or information contained therein, to one
or nore access functions or other functionality for transm ssion over a
wireless link. An access function nay be any conbination of functionality,
regar dl ess WSt 20pHYI8988al | ocations, that allows comuni cRET/BFROGVEPISH wirel ess
link with an access termnal. An accessgtermnal may be any functionality
that allows for comunication over a wireless Iink. A W 2005/119989

PCT/ 11S2005/ 01916 9 network function.m n i on poj nt

bet ween a n&RBEF 1kg¥’ cHRR MRLRE Ay fogimunicaion ¥‘BW§’ Eﬁ%"éqr’?ni\ﬁb? cvifebgn rout er .
[0041] Ref elﬁﬂcﬂgngﬁdalrgﬁﬁor%%gﬁroﬂelsyst emutilizing packet based handof f
bet ween edge functions according to an enbodinent is illustrated. In Fig.

2A, access (044 Referug todigst 2ASE, p Aystaomilliningnacke: basedthandafEbesweanrdes on 40
via wireles A edge
function 30?"“119#1l ll?:%n&lc%grd{néqggﬁémwﬁﬁ@%%wug@attéds ﬂl%lgtc m&eﬁ?‘ﬁﬁﬁﬁ%wa net wor k
function 20 firskhn Soramitieaion avithiaetesa finatiolb40 vie svirckschmis 110 ekaressdlmdiidnand hone
agent 10 and device 5. [0Q042] A cefﬁs term nal 50 nove fr.om the, area

servi ced by 4Q¢t®@se iafigwithe ?‘ﬁ’é’“épe‘ﬁh’g'é’r’\/tfl@e‘\é ingommunicatiop Wi i on 60.

At some poi RbrbiE wgnéllfet@oﬂmaﬁdﬁ@n 2D OThI4BGRS ComminBEnda GBSwech Bécgisnal 50
approaches a boundary between the area serviced by access function 40 and

the area serteinied S@ypndhyesagenulbandsievisos. a request can be transnitted for
handof f for S m er m nal
50 can rec |vei}%‘acff<sggE n@o#%ﬁ&ﬂl?gﬁg%mg%é%iglgﬁ@ %tgg%g% ﬁ%ﬁ%@l%n 40 and
access f uncttheareSrvicaddry astase fimstion 60]k5t sbiv@ paintl ddrhig thisesgeont forexamléi g. 2B) .

Since edge function 30 a acce 60 are not in requl ar
conmuni cat i JHEN@cEss ‘@H’@}EQ%@@P‘E"B %Bﬁ‘léjléw wee?é‘?‘?/ge%@e“&ﬁeqel%t ¥f¥%5ce to the

net wor k for (gceies 30 ba@E bR s@tQ]ce@EQ GockWTaRdBA 680 RSB cdnDe thaptied fpacket s
to access function 60 (Fig. 2B). In an enbodi nent, this may be done

directly vi dapdeffiior kece® tmhﬂﬁobmmn@flﬁ initated, @¢m@m@altwecapackets to
edge {uNCt i 9 @ballelh ASLRI tarkfc LT AMLGLHS STl Ui abddds ARGy ™y Dot

be active for an*overl appi ng perl I e perl
wireless |i rmker]:ih@eless liokosichnd1d5 aespestivelyuiFg. 2B Sifice edge fmrtion ahynd esour ces

that were utilized for_conmunicatjon with access term nal 50, After
wirel ess | i AReeds pmptong07repot l‘élr%mﬁ?lf’ﬂ?np‘aﬁf ﬁaﬁ?effry ﬁéioﬁﬁﬂq{ function
20, edge fypethom 1%%11’51@&1@ tﬁ&ﬂe@ﬁ&kfﬂ#ﬁé‘ckés@%régoﬂ% eHQ@fnanm o of

packets to access termnal 50
forward packets to access function 60 (Fig. 2B). In an embodiment, this may be done

directly via network 15 or may be done by first forwarding the packets to edge function
55 via network 15.

[0043] Wireless links 110 and 115 may both be active for an overlapping period of
time. After the time period, wireless link 110 is closed and access function 40 releases
any resources that were utilized for communication with access terminal 50. After
wireless link 110 is closed, a communication path between network function 20, edge
function 30, and access function 60 for the transmission of packets to access terminal 50
exists (Fig. 2C). At this point, a handoff between edge function 30 and edge function
35 for communication with access terminal 50 via access function 60 may be
performed. The edge function handoff generally includes the formation of a
communication path between network function 20 and edge function 55, and between
edge function 55 and access function 60 (Fig. 2D).

[0044] After, formation of the communication path between network function 20 and
access function 60, via edge function 55, packets intended for access terminal 50 are no

longer forwarded from network function 20 to edge function 30. Any packets



exists (Fig. 20). At this point, a handoff between edge function 30 and edge
function 55 for conmmunication wth access termnal 50 via access function
60 may be performed.. The edge function handoff generally includes the
formation of a comunication path between network function 20 and edge
functi on 580 YAHIB®WOween edge function 55 and access fREBUBWASBOIGEF g. 2D) .
[0044] After, formation of the conmuni c%i on path between network function
20 and access function 60, via edge function 55, packets intended for
access termnal 50 are no [|onger forwarded from network function 20 to edge

functi on 30.Provigpshyaskesdinedzeoibosion fhomieniedriopamgermioaled. ate Gomaelet fus| y
queued in e%ggegfe#g@ﬁin%n 5fdr Orﬁ&?irggoﬁ o acBs§ ﬁﬁlﬁti(gr%dpopaﬁ?cgg’to 8dcRssf Or war ded

to either e ncton ansm ssion to access ction 60, or
directly to famties 60 (Figrizd). @nce thig SicgmpR®), comdmusicatiindeivscen edgd Bnetjon 30

comruni cati on bet ween edge .function 3 and access function 60 | erm nat ed
and the comfifiAcsHs ﬂ"t’p?&'%ﬁ l%méwgﬁ%‘?%rcﬂmﬂ%‘mc%% @Blﬁ?ge?'el}e%v?fgllgw is via
access functigRcRth te@sias S04 CkiabRksSRincRMbONEdgoditctibh 36 dndmetwdfk funtiigh 2E) .
[0045] It should be noted that the operation of edge function 30 and edge

functi on 55 20alBigi #ependent of each other. That is, once communication is

establ | shed 1HtERouR dHGaklBe) hRaBANG: ARERRSMAPkAREBRncPSE o o

need for si ng or conmuni ca ween e unction a edge
functi on 55.ard indgendent obexdh oehet. SThat soomee somimmnicatior ivestaldishebbdwemt  be

transferred hetween edge functjon.30 and edge function 55. For exanple,
quality of seggﬁlu\g%m(‘l%g“)‘dra@%? t“é‘ﬁfé‘?ﬁ@’ H@FV&%BB?@&H?%%‘%PI and ot her slow
changi ng | i RkmRRidaRbn BdtRbsh SRY fdRtiéd FNSIIIEE Hinb@In'E Nin REKIE enBb&kien®, 30 and
edge function 55, while fast changi ng buffer contents and state as well as

header conppes stasrinformationigpd pet tefmagemebbatvsengege funchen 3 andfde of edge
function 30 L e C1j.0 r J ction 35
conti nues cofﬁmp’r%r?ﬁgg‘t F%l{l&%%‘r? E%a?@e%flssg u%é?ﬁ%%m@@%mﬁg%ﬁggﬁﬂ gﬁé(% ?g]én 55 is
setting up cadwthet dawichmging linkaoaealstatd may bé rmsfdred Betweex edgel fenctimnpOpacket s
that arrive at edge functiop. .35 after ed functio 55 has, set may still
be process e&néﬁgg‘%ﬂg"t’foﬂ%t ‘YVE‘IIF é?)t c&ﬁ‘lﬁ“i‘%‘?‘&éf WY g as W?Slla?%eﬁgq? 50?/
[0046] As dicgaidas86n %k%éyg)gﬂﬁﬁ?eﬁdénﬂf} geslerake‘er%@ach%fwgbtﬁnétﬁﬂwafn'aeagei s

inserted into packets by unction 30 and edge function 55. The route

e
i dentifier rfm}ctiiouéﬁtlnffwhengmg@tﬁgvnmmdec funatigind Tepnpnesseomapinidaopyitket s
transmtted ot s 8fRERSh é()e\irﬂenﬁ%ge ?l%ctit-)rlp% is setting up communication with access

function 60. For example, any packets that arrive at edge function 35 after edge function

55 has set up may still be processed by edge function 35 and forwarded to access
terminal 50. |

[0046] As discussed with respect to Figs. 1A-1C, a route identifier is inserted into
packets by edge function 30 an& edge function 55. The route identifier may identify the
edge function which processed the packets transmitted to access terminal 50, The
packets or portions of packets that are identified with the route identifier of edge
function 30 are processed together at access terminal 50, while those that are identified
with the route identifier of edge function 55are processed together at access terminal 50.
However, those packets having the route identifier of the edge function 30 are not
processed with the packets having the route identifier of edge function 55 at access
terminal 50.

[0047] As discussed with respect to Figs. 1A-1C, in an embodiment, the request for
handoff may be made by the access terminal and in other embodiments the request may
be made by the access function that is in communication with the access terminal. In

addition, the edge function may request handoff due to its own processing of



packets or portions of packets that are identified with the route identifier
of edge function 30 are processed together at access termnal 50, while
those that are identified wth the route identifier of edge function 55are
processed together at access term nal 50. However, those packets having the
rout e i denG308%/11898%t he edge function 30 are not proceBEHHSIPFHIhe packet s
having the route identifier of edge fungjion 55 at access term nal 50.
[0047] As discussed with respect to Fi gs JA-1C, in an enbodi nent, the
request for handoff may be nmade by the access termnal and in. ot her

enbodi nent s PREUREGtidehanes) estg@at%gg ¢ypnnel gualicy. %‘“’faﬁ}ﬁ’&-tgeﬂ?fa(?ﬂgi’ tes jn
conmmuni cat i o‘féf% %Mn‘ﬂ?or%@&%?ﬁmk@éﬂﬁ@%o Iodaﬂon aictindakion forlabGsSRARINBIBIC b ON May

request han ue to its own processi ng of 2005/119989
PCT/ US2005/ Gitleet 8pprodches onmuni cat i on channel estl mat es, channel quality

I nformati on, ted.b ce er r t due to

| ocation i nf%@ﬁ? CP@PX':EPEgS g%cggrfﬁr%g anggﬂa%lif %et %ﬁﬁlg%{))r%%caha% [0048] In
t he enmbodi MRt naiibetiBsed dndedfs fanclicdd 36,55, vmtawsknfaymeﬁn dirst 20 and 25 need
not be utilized and edge functions 30, 55, 70, and 85 may be in direct

comuni cat i GRMRYNicaHeR wih petwotk 19049] Referring to Figs. 3A-3F, a system

uti 1121 09 AR} aRSHG, BAREO LA H1Eh UGS JBRABRELL AR RRGPSGRREH N0 Lo an

enbodi nent is 1Flustr access termnal 50 is first in
conmmuni cat i artwerk furetoessscdrdingtio emerbBodithent vd illesteesl. |In fkes194-3F, scesess

communi cat | GFEP A AESEPEOB A B R B v Okl i S

al | ows commemtmambsﬁm&en@ﬁmaﬁort@ﬁmcrgalfumoﬁﬁa wigioe inagaris inl0 and
device 5. [0050] Access termnal_ 50 nmay nove fromthe area serviced by

access fu nctqommlw@atl@n with @3@1061&1%@%%‘%‘%@1( 5‘?“8@% d&sHigRéyi dpisaownccess
function 75 c' ﬁ,ml_l ﬁ&#dcg&s%rﬁlm%ﬁﬂﬂﬁl bﬁl’l(}?a%dd\é‘@b@g‘ inturnis in
net wor

comuni cati on unction ow ng access function 75 to
be in commr[D&Sﬂ}uﬁmuesmmrhnmaéﬁO\mak nidye ﬁ[oﬁﬂﬁ&]areASersmébpmcnss fdnntuonQSttme not i on,
for exanple en acce term es houndar the area
servi ced by ‘at¥ER Y Y%?ﬁe%gu%ﬁan g ‘étlﬂ"'\aljsdﬁﬂwt?s‘;“ré il M Pfction 75,
a request cajgg @ﬁmt:ﬂimmdnmﬁ1mras@fnhmfc@ﬁona@ﬁeﬁawoﬂmmmlzsmus When
handof f is |n|t|at ed, access term nal 50 can receive ﬁackets from and

o

transmit pacillewingascessfmeten Thiodeiinrompuriadioncrtactwekdsi on 75 over wirel ess
I nks [0051] At some point during the motion, for example when access terminal 50

approaches a boundary between the area serviced by access function 65 and the area
serviced by access function 75, a request can be transmitted for handoff for access
terminal 50. When handoff is initiated, access terminal 50 can receive packets from,
and transmit packets to, access function 65 and access function 75 over wireless links
125 and 130, respectively. (Fig. 3B). In Figs. 3A-3F, network function 20 and edge
function 70 are not in regular communication, i.e. edge function 70 is not coupled to the
network via network function 25. Therefore, edge function 55 needs to forward packets
to access function 75. In an embodiment, this may be done directly or may be done by
first forwarding the packets to edge function 70 from edge function 55 via the network,
using network functions 20 and 25.

[0052] During the handoff procedure in this case, the communication path between
access function 65 and edge function 55 is terminated, thereby terminating wireless link
125, (Fig. 3C). As such, access function 65 releases any resources that were utilized
for communication with access terminal 50. After wireless link 125 is closed, a
communication path between network function 20, edge function 35, and access

function 75 for the transmission of packets to access terminal 50 is present. (Fig. 3C).



125 and 130, respectively. (Fig. 3B). In Figs. 3A-3F, network function 20
and edge function 70 are not in regular comunication, i.e. edge function
70 is not coupled to the network via network function 25. Therefore, edge
function 55 needs to forward packets to access function 75. In an

enbodi ment, this may be done directly or may be done by first forwarding
t he packet Wot2605¢dep82 f uncti on 70 from edge functi on 55 VIRGE/US0054Mbr K,

usi ng network functions 20 and 25. [005 During the handoff procedure in
this case, the conmunication path betwe access function 65 and edge
function 55 is term nated, thereby termnating wireless link 125. (Fig.
3C). As sucWhikecthis semmymisationpagisisibeing demedghgomauycatioaathRetVerBre util i zed
for conmmuni ' o .4 : | ° N kg IS

cl osed, a %%%f“&%@oﬁf%gﬁﬁc‘%gf%@ 7n52tg ff\loeragé &%t\({:x%r{‘gjnﬁ%%,a{egdg%&ﬁ)r?bt i on 55,
and access [0053% tAifen fFmation of the commusatimi rath wiwgackorek fenction @ end er ni nal

50 is present. (Fig, ) .. 2005/ 119989. PCT/ U 5/019166 . 12. VWiile this
comuni cat i éﬁceﬁ%{“ﬁ‘%@aﬁe?’ﬁ\é\gﬁ% & AR m‘i@?f%ﬁggﬂ aﬁ%etsﬁ?eﬂg’f%ﬁseonme ARt wor k
function 20 1a0d: A&RAHEd TN hétROk/ Rnction20e6 B@efindioh 39, (@ei3D)X Mgt ed. (Fig.
3D). [0053] ter, formation of the comrunication path between network

function 20 aHows foadecomnunicatipn hetwsen edga fungtien $iand 4cepss Panctipmék tbe i nt ended
for access term ] ction 20
to edge fundtrBNias (PRFES ARy picRpPGiedtl PR hsfod 3O MERINIACUES Dleen
edge functi agnbiel §0dratasasitddioeithardgdfuhaiondO, foe rmnmsssieh to(abtegs 3D) . Any
packets queued jin_edge fupction 55, [ntended for. access ternm.,nal 50, are
transmitted fP‘EF“@Pf’E’éF défﬁ‘ijgf 1P AP %ﬁcuﬂﬁ‘,ﬁf g}""? pﬁ%@ﬁ?@?ﬁ%@%@&%&“g function
75, or direqhlweeh dRTERIHNIYNGY hQBss RnciN G id Birinkied GAIIME 8bMAmuRiRARBANI Cat i on
bet ween edge function 55 and access function 75 is term nated and the

communi cat i @ath bstwden petwosk b5 ard ansesk tergiingh 80 waiaapsessdunatinn 755092¢ Englien access

function 75,,,edge i , and network function 20. [0054] To further
conpl ete thgoh%?im%w&gﬁlﬁn%pf)%%&handoff a path is created between network

function 25 [os8d) Qadgertier ooimple thdneawdrkiforction handoél weeth inetated kettveenct i on 20

and edge function 70 is termnated. (Fig. 3F). [0055] In ot her _enbodi nent,
t he networ k TELYHEK fusstion; Wed&ﬁ@“m@@)%‘@ﬂ?ﬂ)’?&{’ﬂwee‘{%‘dﬁ%f%%ﬁ‘émggupl ed as a
si ngl e handqff edsUaittioRdb if REniAGMa.NG YR function and edge function paths

are created and activated together. Inh ﬁ/et anot her enbodi nent, the network
functi on harfl0@d5] Inemthes enhbedimenta theawtyeork fometiororandeff aud the edgafvoetioon handof f,

in handoff are coupled as a single handoff, such that the new network function and edge
function paths are created and activated together. In yet another embodiment, the
network function handoff occurs due to an edge function or access function handoff, in

_ that the edge function or access function associated with that network function require a

path from that network function in order to receive or forward packets to the access
terminal.
[0056] As discussed with respect to Figs. 1A-1C and Figs. 2A-E, a route identifier is
inserted into packets by edgé function 55. The route identifier may identify the access
terminal 50, access function 65 or access function 75, which will be transmitting frames,
over a wireless link to access terminal 50. The frames that are identified with the route
identifier of access function 635 are processed together, while those that are identified
with the route identifier of access function 75 are processed together. However, those
frames having the route identifier of the access function 65 are not processed with the
frames having the route identifier of access function 75.
[0057] In addition, the route identifier may identify the edge function that is
transmitting the packets to the access function that is in communication, via a wireless

link, with the access terminal. The route identifier that includes the edge function that



that the edge function or access function associated with that network
function require a path fromthat network function in order to receive or
forward packets to the access termnal. [0056] As discussed with respect to
Figs. 1A-1C and Figs. 2A-E, a route identifier is inserted into packets by
edge functWorRoEBLI99Me route identifier may identify thePGRE885/01216¢6 m nal 50,
access function 65 or access function 7? which wll be transmtting franes,
over a wireless link to access termnal '50. The frames that are identified
with the route identifier of access function 65 are processed together,
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request may be made by the access function that is in communication with the access

terminal. In further embodiments, the request for handoff may be made by the edge
function that is in communication with the access terminal, For the purposes of
handoff, in communication may mean any device that allocates resources, including
CQI generation or measurement for a particular access terminal.

[0061] If a handoff is r;:quired between access functions, then the edge function that is
in communication with the network can transmit packets to multiple access functions,
which communicate with a same access terminal, seamlessly by inserting the route
identifier into the packets and then transmitting them to the appropriate access functions
for transmission to the access terminal. This also applies to handoffs between edge
functions and network functions, since the route identifier can identify one or multiple
functions and thereby provide a traceable path that may be used on the reverse link.
[0062] As used with respect to Figs. 1-3, an access function may be a fixed station used
for communicating with the terminals and may also be referred to as, and include some
or all the functionality of, a base station, base station transceiver, a Node B, or the like.

An access terminal may also be referred to as, and include some or all the functionality



request may be nmade by the access function that is in comunication with the
access termnal. In further enbodi nents, the request for handoff may be
made by the edge function that is in conmmunication with the access

term nal. For the purposes of handoff, in conmunication may nean any device
t hat al | ocWO0¥H8WBAr ces, including CQ generation or MEHELRESMBINGSf or a
particul ar access termnal. [0061] |If a{andoff I's required between access
functions, then the edge function that ! i n communi cation with the network
can transmt packets to nmultiple access functions, which comunicate with a
same access of, @mpibilaistatiem arvsersyghipment (U e wirplgssaemmugigation fepde: formiiali nt o t he

packets and themn.transm.tt] h I ' tions for
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an oper at i oRERViqUsky4 requepifok handgH seay asenydn PG WAYSH AIeRBXAMP!e @R E08R ng to an
enbodi ment  ics, : R&E i atandPfih this cagpr Ovi ded,
t he sessi onf@jggl\b\}ég%&?ﬁ&eggtgcbess %%?%ﬁ%?ﬁ%%ﬁ?ﬁiﬁgggggs function Ivvlg:%sh whi ch
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descri bed previoys a_request for _ handof.f Yy _occur | tiple ways. For
exanpl e, an &H8 aﬁf‘h‘ﬁﬁsf PEnAGrEY terming 8a[{agﬁ188%%ﬁeset§p rp&wrrggeésg% ﬁeﬂﬂl?rbn for an
access ter nigkklthe deBsibharkl seAd & binding update message to the home agent to switch edge

functions. Locking a session may include allowing ongoing session configurations and

attribute updates to continue, but preventing new session configurations or attribute
updates from being initiated for the access terminal at issue.

[0064] After locking of the session, 2 new communication path is formed between the
network and a new edge function, for communication with the access terminal, is
formed, block 202. In forming the new communication path, the old edge function may
send a delta of the changes to new edge function. The delta of changes may provide
session information with respect to changes since the new edge function transmitted its
request to the home agent. The new path, generally formed at the RLP, allows for
packets to be routed from the network to the new edge function, which can then be
processed and transmitted over the air fo the access terminal. In another embodiment,
the new communication path is set up in stages such that some attributes or resources of
the path are set up before the binding update while others are delayed until the binding

update completes successfully.



t he new edge function perforns discovery functions as to the old edge
function to obtain session attributes, e.g. access termnal capabilities
and setup paraneters. It can then 1|ock the session and send a bi nding
updat e nessage to the home agent to switch edge functions. Locking a

sessi on mayoi2eyehk8? al | om ng ongoi ng sessi on confi gur atREIMES2008019186 t r i but e
updates to continue, but preventing new session configurations or attribute
updates frombeing initiated for the actess term nal at issue. [0064] After
| ocki ng of the session, a new comuni cation path is fornmed between the
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the RLP, includes resources to allow transmission of packets between the network and

new edge function, including adding the route identifier associated with the new edge
function to packets that are destined for the access terminal. In one embodiment the new
RLP instance will be the same as the old RLP instance after a reset or initialization, for
exarnple, all the attributes associated with QoS and header compression are the same,
but the state of the header compressor and buffers are initialized.

[0068] The access function then binds its resources, e.g. associates communication
parameters and memory, to create a new communication instance with the access
terminal, block 304. The resources are generally buffer resources and communication
information. The access terminal can then, once the communication path has been
established through the edge function, the access function, and the network, establish a
reverse link communication path to the new access function, block 306.

[0069] Referring to Fig. 6, an operational flow of removing a link layer path according
to an embodiment is iltustrated. The old edge function removes forward link
information, i.e. for transmission to the access terminal, block 500. The access terminal

deactivates the reverse link path so that no more packets are sent on this reverse link



for the new edge function. A new comrunication path is fornmed at the edge
function for transmtting packets between the network and the new edge
function, block 302. The ordering of blocks 300 and 302 is arbitrary. The
new comuni cation path, fornmed at the RLP, includes resources to allow
transm ssi W@ 2695/13288ket s bet ween the network and new ede&/OSRAE01DIG6

I ncl udi ng adding the route identifier aiioci ated with the new edge function
to packets that are destined for the acCess termnal. In one enbodi nent the
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t he AT trangatiets. channel quality information (CQ) to AFl. AFl receives

kets, i th ir t 1 ssion. to. AT, _from an edge
Pincti on (EEURAE 1t insmiih e Qe PR A RP ST ALk AT W AVIBER nser (s
route identilfpkeAT tb@itPaddRInal COI MBGERINEGS w%'ft%tm@y Ked &Eﬁi@ﬂ?@bh@ﬂlﬂecﬁ” to

transmt to o
transmission or be transmitted based upon a request from AF1. Based upon the CQ],

AF1 can make a decision to hand-off a source of wireless link to another access
function, e.g. AF2. Alternatively, if multiple access functions have allocated resources
for a given access terminal, the CQI values are reported from all the of the access
functions allocating resources along with an indication of which is the desired access
function for the access terminal. Then the handoff decision can be made between the
access functjons that provide the information to the edge function or at the edge
function that is in communication with the access functions, e.g., the RNC or BSC. For
example, AF2 may send a request to AF1 and the EF for a handoff based on the CQI
information it receives from the AT.

[0072] In response to the AT CQI request to AF2, AF2 transmits a request to become
the new serving access function to both AF1 and EF. AF1 then sends a message that
updates the radio link protocol (RLP) parameters to AF2. In some embodiments, AF1
may provide only state information of the buffers without providing the actual contents
of the buffers to AF2.



AT. The route identifiers may identify the EF, AFl, AT, or any conbination
of these in order to facilitate reassenbly, header deconpression, and other
functionality by the AT wupon receipt of the franes constructed fromthe
packets, or information contained in the packets. [0071] AFl then transmts
t he data pwokwexi19ap portion thereof, to AT via a W rel BSBUSHONUHI16AT
transmts additional CQ information, ch may be a regularly schedul ed
transm ssion or be transmtted based upélﬂ a request from AFl. Based upon the

CQ, AFl can nake a decision to hand-off a source of wireless link to
anot her accd8@73] Datacpaciets als teen tramgmitiafl frorrthe EF ¢0 hothiAF Lrand A3, whish beths

functions hayve JIo sour ces r i access. ter | -t he CQ
val ues are reaﬁ &Fa{;g FeCFﬂlgpgtfkc{ ﬁléorrgé%e‘gi Irf?ﬂ? °f 818 80 % EFi ng
resources a|tfh!ﬂ§tnim Ibalakamtdmﬂysﬁetdammrm end wtsentmmdeﬁbbaﬁs ﬁsmeﬂ&ﬂ tof uncti on
for the access term nal. Then the handoff_ decision can _be nmade_ between the
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transnmitted 1hﬁbnhiatﬁm/§fayt& a&iﬁae dat irPthe Badke Hubr, Ple fbmBryAllotfed i@e ﬁéﬂkét@ nce of
some paraneters, AFl sends a reguest to no longer receive data to be
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I ndi cate t h(ain grtrggs%gxtr l?u er, tFné/ }nrégl a]Yc\)ncated %or packets or frames to be transmitted from
the access function. The old access function, e.g. AF1, maintains its transmitted
segment buffer for a predetermined period of time after the request to hand-off to
another access function.
[0075] In one embodiment, timers at the access function and access terminal are reset to
default values upon a hand-off request. This may facilitate flushing of the buffers and
resetting-of abort timers which may be dependent on the packet inter-arrival time and
scheduling time.
[0076] After hand-off, the new access function behaves like the RLP source, including
responding to acknowledgements or negative acknowledgements received from the
access terminal for which the data was not received from the access function.
[0077] If the AT is capable of receiving from two AF’s simultaneously, the AT can
decode both frames and use the received data to update its resequencing buffer at the
receiver, When multiple AF’s transmit frames simultaneously, the send state
information can be updated at each transmitting access function for the access terminal

based on its current local state. In the case of multiple simultaneous transmitting access

functions, the main access function, i.e. the one to which the hand-off is occurring, send



[0074] In order to continue uninterrupted data transm ssion, the new access
function, e.g. AF2, needs to know the RLP state information for the forward
link, where the state information nay be all the data in the packet buffer,
the nenory allocated for packets or frames received at the access function,
and the reM®EW8¥1998uffer, nenory allocated for packetBCT/ES200018166
retransm ssion is required, e.g. no ackr}gw{ edgenent for the packet was
received fromthe AT, as well as any data that has not yet been transmtted
in a transmt buffer, the nenory allocated for packets or frames to be
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| ocal state. In the case of nultiple si ‘mul t aneous transmitti ng_access

functi ons, tmeeswmnnumt@éb%aqcmémml Forghe aqqess durction pigiecehstackedQRathg- of f i s

occurring, 005/ 5/ es
functions to gggl\qﬁ&}%%a%ocaﬁ%ﬁﬁgwﬁfo% %ﬁ? %%nta(r%%lgglgccggmﬁ?ﬁﬁg edge
function conirraoﬂlﬁfctehEadE’édemtmbm dhtlmesniboﬂiﬁadm depdcted inl FIG. 8Apan REPeousl y.
[0078] Wiile FIG [ t hat t AT .deci.des when_to, hand-off to

anot her accdgdan cFaa%?‘F‘g‘H’oaﬁfﬁz‘Pl Pfﬂa T ahsingle aeFepundifless functi on,
e.g. AFl or dshndRsdatRg ¥Rea wikeesk ﬁﬁl@'%ltﬁaﬁ %H@&énﬁxﬂalhﬁﬁéh &fthe RLP jish@s® cases,
the access function may decide to hand- off to another access function based

upon not onl3p3@mi 91hhasrardifferont assngiatedirowte sdenilier i ng i ssues, system | oading
 nf or mat i on.yobg OREK O8Okl B8 AEERSchGHAR) theboBLEHFLEETeDA s 11 e

peri od, parane ers.
packets from the home agent via the network layer, here the internet protocol (IP) layer

902. The sub-network layer 904 provides header compression for the edge function.
The received packets are processed in the switching layer 906, which passes the packets
for forwarding to the appropriate RLP instance 908 and 910 on the appropriate access
function. In an embodiment, the switching layer 906 provides a tunnel to all access
functions that may be identified by a route identifier by edge function. The RLP
instance 908 or 910 at the access function then processes and transmits the packets over
a wireless interface to the access terminal.

[0081] At access terminal stack 913, frames are processed after receipt on wireless link
by radio link protocol layers 914 and 916 according to the route identifier contained in
the frame. The frames are then re-sequenced for each identifier according to the
sequence numbers assigned to a frame, while separating frames having different route
identifiers. The frames are reassembled by re-sequencing buffers 920 and 918 for those
frames that were processed by the appropriate radio link protocol layers 914 and 916.
The reassembled packets are then processed by sub-network layers 924 and 922 for the
appropriate re-sequencing buffer. The sub-network layers 924 and 922 perform header



(0079] Referring to FIG 8A, a protocol stack for a forward |ink according
to an enbodinent is illustrated. As used herein, the forward |link refers to
transm ssion from access function to the access termnal. For the access
function protocol stack 900, the edge function and access function are
shown, andWih3p0¥H898e on a sane access functions or atP@IUsWpEIIPI6aCCESS
functions. In the enbodi nent depicted il? FIG 8A, an RLP instance 908 and
anot her RLP instance 910 exist at a si ng?e access function communicating
over a wireless link with an access term nal. Each of the RLP_instances 908

and 910 has dgcempressioarfor the packeiscemprested dyisulpetvoriclayer 84eBeth 832 erto4or war d
link, th ] i di t ] i kets f
I n e egﬁ@ I%IH\Q&% ng”%a‘e&{(% #cﬂ:\-n?&térﬂ& pﬁgﬁr:cgﬁ; tﬁxp{&l’gt‘é b:odihér%ﬁ&o\fﬁagfﬁac ets rrom

t he hone ag ayer, e T'nternet protoc (IP) Ilayer
902. The sulj0oR2] \RefdarihgaiocfIGOBR, pprowcaatick fadeevarsnkaessirdingftoan t he edge
function. The receive ackets ar rocgessed in.the switching | r 906,
whi ch passe<MoREmeEREisd aﬁﬁgr AISBFWSF lmgh%f&vﬁfﬁ%ﬂ’&bfﬁﬁi&ﬁpi%%fmﬁgﬁ“ Fyntg? ance 908
and 910 on t{gesdAREASR fréth @S SermiraN CAERES tefnfindlbtROPM idRides intefget SWi t chi ng
| ayer 906 provides a tunnel to all access functions that may be identified

by a route imretnealigyer 6 whighéorms aetmognpacieis hererintermes pagkets. fopBansmissioy at t he
access functj. J t ' t W rel ess
et ace o4 healR oBLRFEPRER R SRR 88 BBBEERS R Rnccf, ") T

frames are pompession fafthepackes dapli pazketiis sent emexhdthylone bf/ subatitworkilayerspr ot ocol

| ayers 914 9 ccording ta the route jdentifier. contained..i t he
frane. The ?%gﬁgégﬁf‘é’ﬁ‘tc{\@'f?la@‘@‘ﬁéﬁ%? ’égtf’di?e Y d?’g@r‘?f ?‘fr\taé?e%;&%. g to the
sequence NUNBRIvePHs bl BAcH Ribdelw AR RiyeV986| 8d 969 provides BeddeATBRprétaich T
different route identifiers. The frames are reassenbl ed by re-sequencing

buf fers 920 frmmeps g arcdp be Farsanitted birthe appiepriajeREF stiaeaBprdyPTthe appropriate
0101 OB 56 N e L gttt

processed b ayers or the “appropriate
re- sequenci rsgacks938and 960 eccouding et thordutd idgreifer Sdvaiasidn @ Xrpee. frameheader WO

2005(119989 PC1' / US2005/ 01916 19, deconpression faqr the packet onpr essed
by ub- net wdPEN e LR Stasht fotans SHiareghm aR G IO BR B0 t o ¢ he
i nternet protRG@ncin@atfed® . T sRIthEhg RPE BB KelbRY e resehRABRAL biRgEALN i NG tO

FIG 8B, a protocol "stack for a reverse |link according'to an enbodinent is

i 11 ustrat ed.fomgard hegatketscicaordingdo theveyte wentifine. Thef resequensingrtmbion?Xbsinan to t he
nooess U B0 RER TR By BEPREP BRI TRREY, 072, 1 10
packets, f orcotniiuniuates packets to and from a network for access terminal that contains access

terminal stack 974. In one embodiment, the resequencing buffer 954 is part of the edge

function, and each active edge function has a separate resequencing buffer. In this

embodiment, the route identifier indicates which resequencing buffer to forward the

frame received over the air. Sub-network layer 952 decompresses the header of the

packets for transmission via the network by network layer 950, which in this case is an

internet protocol layer.

[0084] In the embodiment of Figs. 8A and 8B, the access functions, each allocate

Medium Access Control (MAC) layer resources to an access terminal, when any one of

them is in communication with the access terminal over a wireless link, to allow for

decoupled hand-off between the access functions. Further, an access function may

contain both edge functions and access functions. In such embodiments, any access

function that allocates MAC resources to a particular access terminal can serve as either

or both the edge function that communicates with network, for packets destined for

access terminal, and the access function that communicates with access terminal over an

air interface. This allows for efficient handoff, which is independent between the edge



via a specific network protocol. Sub-network |ayers 966 and 968 provide
header conpression for the packets. Each packet is sent via exactly one of
sub-network | ayers 966 and 968 which are identified according to the route
identifier contained in the frane sent over the air. Each sub-network | ayer
966 and 96¥MIBV118¥W8 header conpression for frames thaPCHEE001B6
transmtted by the appropriate RLP instggce 972 and 974. [0083] At an access
function 962, the franmes are then received at two different RLP stacks 958
and 960 according to the route identifier contained in_the frane, Franes
recei ved at fuhesiops, Reegsafinsti@Bgoraatvaglshmgtienst Farhary ¢ash of thewedhapd-o8 t chi ng
revequenci na Bt ERSPHERTOBE sotfe REmBRE, 1 0® O0 g to The route o
i dentifier. [Pb8S]Tesarng nckiGy 9bapdreon Sdpanie hedder gaotding toon embpditriest iaccess

functions, or nmay be part_ of _an edge function that. .comunj ackets to
and from a ridvss .'fbﬁo‘&é@éggert’%"ry P ?%?V‘%W@ip}?s@g@%@eg%@?lﬁ\&ﬁal st ack
974. In one FPQH;%I%EB&_SS feRBinhCEGAHRA L, 1HuIRPE TRWs W0d beus@Boldigingtilte edge

function, and each active edge function has a separate resequencing buffer.

In this enbwtvessdiffereniapplinationsi faeQuality ef Servies papesss.wiireie idestilelenci ng
buffer to forwar,d.the fr ecelLved . . | - k..l ayer 952
deconpr essesprw}ges&g%gg?uo aarsr??l[ehe oﬁé{ctﬁ%?gg%ﬁ{gfogﬁ%%cgs§?gensﬂ§%d§qt(ﬁaet net wor k by

net wor k | ay egan8iils thelpaciets o ahdieseioesthe packen frohmntheacvess tpmiihalaedpedtvglyr . [ 0084]
In the enbodi nent of Figs. 8A an S ctions, .each a{ | ocat e

8B, the ac s fu
Medi um AccesWhidgHIG. & depigigcthe {%ﬁeqi%bm%%ofﬁge Barkeidieadsr a5 being pug b1 “Khen any
one of the {%bﬁs?lkd"bmm%&@f)h@ M 4 Eﬁb&&]&eﬁ?ﬁﬁxﬁ? He el fol? ihd cightdik el ess

link, to al or decoupl ed hand-off between tfhe access functions.
Further, an [@08@3Rackainnd anstpackst begip hitsiprevide the begiaingand endbiés gike access

functions. In ch .e i ny. . [ t %g;f MAC
resour ces topagﬁ%g? IP%E?QF%@%%% @Iglrsggﬁg?)ﬁ%g&lﬁégc@?\?gﬁlgﬁ giliqttﬂgealr or%%ot h the
edge functi ogackdiphyleadnDiirete she packet enabivgd det tof 22ro. [The padkst dasbit iveselt thor
access termnal, and the access function that co icates, Wth access

term nal ovefmeahthe ghapt of fedlerket & 2 perti of the nagket Prylpa EVF IR BACHTHSIAT Which i s
| ndependent Qﬁfs\éa%zérhg?@ggge g%ekz&gﬁ/bé;é?@ﬁ?a ﬁ%éﬂﬁ%;ﬁ@é/ﬂfaﬂ-&aﬁ@e pkdrunct i ons,

access functions, or n nctions. Further, each of these ‘hand-offs
appears tr ansyhmadsunay be seneincacsimsieoves thei arttansizsien] TReteuencampmber fepi&ts 9, a

P ow | denti {PERAEe0L L eerTs ohaurmbS A Me e IRBpLoradRt bt Tove

[0087] As previously discussed, the route identifier may be used by the access terminal

for proper processing. In some embodiments, processing may include packet
fragmentation and reassembly or header compression and decompression.

[0088] A packet sequence space of SequenceLength bits may be utilized for the
sequence number field.

[0089] The value of the route identifier is changed when a new protocol stack, FIGS.
8A and 8B, is created in response to a switching request. Packets entering a given edge
function all receive the same value of a route identifier for the lifetime of that
communication instance for the particular access terminal.

[0090] Referring to FIG. 10, a block diagram of an access function according to an
embodiment is illustrated. A processor 1000 is coupled with a memory 1002, network
interface 1004, and antenna 1006. Network interface 1004 is coupled to a network that
is coupled to cause packets or frames to be transmitted to and from the edge function of
the access function. The packets or frames may be destined for an access terminal, with
or without a route identifier depending on their transmission source, or for the access

function itself. The processor can append to or insert into the received packets or



for a single access termnal. For instance, nultiple flows may be used to

di stinguish between different applications for Quality of Service purposes.
Aroute identifier provides information as to the over the air transm ssion
source or destination that transmts the packets to and receives the
packets frdXQeN&1IW8¥ess terminal respectively. Wile FPGI/US2008p19t66s t he
route identifier portion of the packet ader as being one bit, it my also
be two or nore bits. In an enbodi nent, it nay be between four and ei ght
bits. [0086} Packet end and packet begin bits provide the beégni nni ng and end
bits of the Ifacskoth theypussiden pdceaiengsppmars. | Thequpcesior GbhPFR stPffe end of

the packet i e gadk@istor faclfy mOAGHADOPRY haAthisRNBHE aResstiifipehiet end bit

is set to zero. The packet start "bit I1s set to one if the start of the

packet is a puetnadfO&. haslspat thetroyeidentificrs Benidfy wihseaccessdeqpainMdsithasedget  bit is

packet  payi BRRER RRGkThe FARL0G RGP bR PRINE Ry e " ©

sequence nungpiopiiari ts tdrithab i ek iferfabel (aak eeppiprineasseabl y at t he
access termpal or edge function. [0087] As previously discussed, the route

identifier nﬁly"tﬂ@- used by the access ternmnal for proper processing. In
some_embodi Mg 1y RARE ERBbd e Yar! U ARCRAFKEY serld A 68 r@feelon
reassenbly or eager conpressi on and deconpression. [0088] A packet sequence
space of Sequsimedeniymnbtidi. tRurthrary iflse edgd funetea does nathiecludesgersnfmctienaliy i el d.
[ 0089] The val ue_ of t.hee&ou e lodentifier. I S chan&ed when a new 18 ot ocol
stack, FIGs. ™3RS (qviER cIEMBFUOnTBY GOMBrse BUHE 18 PRCERPEC SRS B uest .
Packet s ent embgriés, gdidi o @bee ndtworkiih@efacek bs 8R6bedavitveseetm® Fal Lk of a
route identifier for the |ifetime_of that comrunication instance for the

particul ar at008%)sThase pkiled in theybwill anpresiaty thef thovatiogs ilingtratiyedogieal biocksyr am of
an access fu ' aceor.di . sE&iHag ¢l 1S ulidh! processor
1000 is coup‘ﬁg%mé)\n@? a ’n@ﬁ%%’h%(%?e net%i@lﬂ%cﬁltogﬁ‘lg]ctgé%% 4@81%5 ant enna
1006. Net wor disdlosed héramemdyld mpdengentadl as dlettvome hartdwane keanipaater sofiwarougyl ed to

cause packets gr. frang o0 .he transmtted. to and fromt dge fynction of
the access f?ﬂ?@’f‘?a&qns Qﬂ@t&baﬁ?@]{’?&dﬁ? &ﬁ@@llﬁﬁvﬂwe%@iﬁaﬁﬁfﬂa access
termnal, W édftwaty, viidud Aistrati FeldhPohdhy) biotks modGIBE RELE, SY APRithms

transm ssion source, or for the access function itself. The processor can
append to orhavabesndessrited eheverseperalicia tormsioé theirdpnanonalys Wiedwgsich -
PCT/ US2005/ 04,9488a1it< s 1 Iﬁ‘gﬁ P halddir ' [ fii nce
nunbers. Thgﬁaprocgé orlfnl;an t hen EltoreJ@ﬁgﬁgg%%gﬁindgrﬁﬁﬁ@ﬁggﬁ?ﬂ&enenory 1002
for transm sappbieatioo ahd designomepsiraims impratd o the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[0093] The various illustrative logical blocks, modules, and circuits 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 device, 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, processor, microprocessor, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MiCTOPIoCcessors, one Or more microprocessors in conjunction with a DSP core, or any

other such configuration,



antenna 1006. Also, if the route identifiers identify other access
termnals, the edge function may transmt the packets or franmes that
include the route identifier to the appropriate access termnal via network
interface 1004 to the appropriate access function. [0091] In other

enbodi nent sSWOASAAWELs function may serve as both an acREUN2005¢9160h and an
edge function. Further, if an edge funct'% n does not include access
functionality in a sane device, edge fufiction may conpri se one or nore

processors, one or nore nenories, and _one or nore network interfaces as
descri bed wi {9P%Edhemethods e atgoritins dgserijred]in gonmeetiopyith by emyodinenigr ¢ wi | |
appreciate t i i 1 ME ] bl {rcuits,
and al gorit h%h g%?}e}l egﬂy%egﬁhﬁég %érc]:ﬁ%ni ﬁ&?\ﬁ%gﬁg&ﬁﬁﬁgﬁt S Bglegccéz?uégded

herei n may béyiarppdeessentoeth asorsbingtionofithe tivar dveafteareonodule may seidewaRAM or

conmbi nations of both. To clear illus this in ngeabi lity of

har duare and SREFTmSRP:, BOM steret EER M s HERROMRGERY, | (ol es,
circuits, angeddig® HatdiBk, shanevaBRARsKI 8 ED-ROBE o2 BAY Gthererosh af St¥rabd megiua® Of
their functionality. Wether such functionality is inplenented as hardware
or software depenistheptnAnicsepplarysiragemediypis eonpled to BigdrosessopicBdisst rai nt s
i nposed on t I . . Sk i I 2 escri bed
functionalit ??Cgélségffady ir%%dyla/gj%gh ?@ir(ﬁéedé’?%d%&r[% @%&%ﬁp%@%@e&%t ﬂ13 uch

i mpl enent at i ol diemiative it ssdragd idedinh niay bentitegmpl tottiedprasessmy The groaesdepmidt ur e
from the scqgpe of the.present .i n.ventisgg. 3{10%3?: The V%Eii ous illustrative

| ogi cal bl ocH storagr pedium may teqideigiap 346 dne MR eS8 APG e RH t-he
embodi ment s gy gelafteMeti RSfRiplode®Yr 2RI théRbABE Me@dnDhaPREAIC hEBiGkretsl t h a general
pur pose processor, a digital signal processor (DSP), an application

speci fi c i nt EGMAGREAISAN P QBATHE .C), a field programmabl e gate array (FPGA)
or other pr j i I: . . i i.C,

i sorete har SESL TR bRvcAGUBAAMN e SHsE] Aol s AL St Pl
perform the fperson skitkel id disscart foavhke lvenwi the présepein@ertionp Wapiosempdificgaoto may be

a mcroprocessor, but in the alternative, the ocessor may be an
Gonvent | ona Usetaaibmerts wOE ndily dapeeaisp e Bl Gt mad theiite. A
processor mayriatipes B&ireABLRBNAEEE Hplidd ©@UMR BAbLAMeRE Wit ﬁang fleni ces,
e.g., a conbination of a DSP and a m crogrocessor, a pluralitfy o

m cr opr ocess diespirive seope abthe inventianor presenhinyemjonrienotantendetiito be DSP cor e,
or any ot hek;, 56 R, f28LbIMhRks w18 Ba( & tPRSRcbadd Rt gc]()% 66 22

consistent with the principles and novel features disclosed herein.




[ 0094] The nethods or algorithnms described in connection with the

enbodi nents di scl osed herein may be enbodied directly in hardware, in a

sof tware nodul e executed by a processor, or in a conbination of the two. A
software nodul e may reside in RAM nenory, flash menory, ROM nenory, EPROM
menory, EEPROM nenory, registers, hard disk, a renovable disk, a CD-ROM or
any other formof storage medium know® in the art. An exenplary storage
mediumis coupled to the processor such the processor can read information
from and wite information to, the(gﬁo e medium In the alternative, the
storage nedium may be integral to th ‘bluﬁ‘g%essor. The processor and the
storage\yrrelf]ji um ma%q;res.i de in an ASIC. The ASIC may reside in a user

t er mi naVHAL S thalMER & nat i ve, the processor and the storage nedi um nay
reside as discrete conponents in a user termnal. [0095] The previous
descri gt i on “ofethasdeof gerammication Reptidiag fak prcketbased handoificigtvegn ageesd flactipayin aper son
ski |l edyifefesd Rvadk, boh@istieke or use the present invention. Various

nodi fications to these enbodinents will be readily apparent to those
skilled in the art, and the generic principles defined herein may be

appl i ed to ordsesingafiand fvenesmigsiohouke wiestrsy netwgk.ftiredametinpuding peitionsohatsebpe  of
t he i nvgnt:i e pr, o i [.S. iy jmted to
the ennl Hants O uetiREn N EREh MEC Tl kil B 5F G eh el

consi sthegret igiving an ierst headdr porden: gl novel features discl osed herein. 23
CLAIM5 WHAT IS CLAIMED IS: 1. A method of communication providing for
packet baseqaRAR! he noEL YRENARERATHLUNGHIOBEN! Pur; Vi T €l €SS net wor k,
conprising: processing a frane for transmssion in the wirel ess network, the
frame including portions that each identify at |east one function in a

t ransm ssi owheetie @itiohhdedtifamedccashiinaion thahie trinsauiréng tse finmd sveethaidt, apedgt ocol
packet thl%\/ici)nntgat?‘snu'ainsr;]r}ﬂ%{nn%‘?e fp eaeqe{he Fc%gstsifL%@t;i naar.]n(a atnlé%rtl)ﬁ(r?u;[lgtii q glatt tpa.% fi{sqhne based
on the transm ssion roate of the franme: wherein e portl ons i entiefy an
access ffamad thoedgt fiattiding wherehryshm fottiongddfinetht framymiseiveroutetsachahat p handoff tgeeen
functign y 1fting the frane to the access function, and a
netvvorl?cﬁehgr@%ﬁug%cﬁlg{ge{ qulé\egm ts the frane to the edge function; whereby the
portions define the transm ssion route such that a handoff between access
functi ans cahe bethpesffctimedvheZin fhéportidt tha (e fies htdéamn dhe ford@sneh the tragmpeibh i on

2 S LR AR e 1o ST T EIsS o

3. The method of claim 1, wherein the portion that identifies at least one function in the transmission

route comprises RLP identification.
4. The method of claim 1, wherein the frame comprises an integer number of octets.

5. An apparatus for communication providing for packet based handoffs between access functionsin a

wireless network, comprising:

means for processing a frame for transmission in the wireless network, the frame including portions
that each identify at least one function in a transmission route of the frame; wherein the frame is an internet

protocol packet having an internet header portion; and
means for transmitting the frame based on the transmission route of the frame;

wherein the portions identify an access function that is transmitting the frame over the air, and edge

function that is transmitting the frame to the access function, and a network function that transmits the



3. The method of claim1l1l, wherein the portion that identifies at |east one
function in the transm ssion route conprises RLP identification. 4. The

met hod of claim 1, wherein the frame conprises an integer nunber of octets.
5. An apparatus for communi cation providing for packet based handoffs

bet ween access functionsin a wreless network, conprising: neans for
processing a frame for transm ssion i 4t he wireless network, the frane

i ncl udi ng portions that each identify at |east one function in a
transm_ssion route of the frame; wherein the frane is an i nternet protocol
packet THEGobe sdge funetionriwkerahx thepriigesy defipshe trrgmistionroute gpch thanmbasfelt batwret he
frame hasaduRiodskhén BepeAsHegSi on route of the frame; wherein the portions
identify an access function that is transmtting the frame over the air, and
edge function that is transmtting the frame to the access function, and a
net wor © f unéfiaBRsratysder comaNaiRgtion Pltowgmgior pagkathesed andatls bagween pesswsinsHonsther eby
the ponRty}iRRSs Mok GohfRinkl ansm ssion route such that a handoff between
access functions can be perforned. 6. An apparatus for comunication
provi di ng for packet based handoffs between access functions in a wreless
net wor k, ~cofproressasgenfigursd toaeacsisra frapw for gansetission ipthewiseless aetiver e fieme

{1 anS M Rldfg pbrod ot ich e aNBAVEH: furkfidh ih & RmiskiBE toiflioPthe PRIEL AR BAL _each

identify at east one function in a transmssion route of the frame; wherein
the f ftame isiag infgmqt promeplpagkebhasing n isteaietheadss portion. ard 1 freesmithefeamedesedor t i on,

and t o giaRskistonlrblfe SfuBinRasRd on the transm ssion route of the frang; and
a menory coupled to the processor for storage of the frame; wherein the

portions identify an access function that is transmtting the frame over the
air, an edgemeforycovped to Hatpracesserfenstomdge pfthefrarhee frane to the access
function, and a network function that transmts the franme to the edge

functi on; orti.ons defi th nsm,ssi rout e such t hat
handof be i WgeerﬁmB{he Cglogs 1 Elnl’tll tfi,noaﬁcsess flt]nctl n %at 15 ?ansmltt d‘lg tge fraRJe ovFrt %r'uro?n eda
t r ansmifarictionghdt isctrapsmitting & fiace esthe aoeﬁssrfunetiop, and apetwstkrfgnetipmihtt tawhdmig ke handof f

for t h? afhe fo %edtgg f n%tloﬁl wlgeré%n tﬁeq: rt ficehine t‘i’ne{rargsr?ngélgp lgutesktlch t Wlagn%f? be?\ﬁeegt wor k

approac’hes a CBTea Ger vice TSt access ncti on
havi ng accasscfmmﬂwtcmobemefodmew th a f| rst edge functl on, and a first wreless
link with the access term nal and an area servi ced by a second access

functiqn, \Mélt %l'bo% tt]&ndof E}e access 1@ conprises the steps of.
f or ni ng' as W raretdny fWS ST\REET 8%‘?{51H§ccess function and the
access termnal, closing

initiating a handoff for the access terminal when the access terminal operating within a network

approaches a boundary between:

an area serviced by a first access function having; a connection path with a first edge function, and a first

wireless link with the access terminal, and

an area serviced by a second access function, wherein handoff for the access terminal comprises the steps
of:

forming a second wireless link between the second access function and the access terminal, closing

the first wireless link and the connection path between the first edge function and the first access function,
forming a connection path between the first edge function and the second access function,

forming a connection path between a second edge function and the second access function,



the first wireless |ink and the connection path between the first edge
function and the first access function, formng a connection path between
the first edge function and the second access function, form ng a connection
pat h between a second edge function and the second access function, 25
inserting a first route identifier at the second edge function into a
plurality of frames being sent to thelsecond access function, sending any
gueued franes at the first edge function to the second access function
before closing ., the connection path bet n the first ed function and the
second acce TR LGRAUC Khnlieh e sshoBd edze Snpeen ing ﬁ@@*fah é%?raflﬁsr‘efﬁ@ﬁef? Ke
second thd se@in@ s&edsifublétid; om t he first edge function via the second access
function, and receiving at the access termnal a plurality of frames sent
via the second wireless |ink and. processing together frames having the sane
rout e i dent iS¢1ding angqueped framed g thediretjedgefiangtipmo thegpsend acceds Emghich bsforcdastigng

t oget hefke dohmkdtch pad\bef@er RS iBAMBe AR and HEREIIaBlesd ffchibEl @S thaianfe@ R hMAL | ON
. franme reassenbl header deconpressi o |.icate detection, in- order

of : Y, : n, dup
packet lenger sgaithroyed the sgroad wirglossTiak from the fisit pdag fungtionces the sesendragrestfupgtion.qed | | ke,
receiving at the access terminal a plurality of frames sent via the second wireless link and

processing together frames having the same route identifier.

8. A method as claimed in claim 7, wherein processing together frames having the same route
identifier includes any combination of: frame reassembly, header decompression, duplicate detection, in-

order packet delivery to higher layers, decryption, packet discarding or the like.



