METHOD AND APPARATUS FOR END NODE ASSI STED NEI GHBOR DI SCOVERY FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to comuni cati ons system and,
nore particularly, to nethods and apparatus for routing nessages based on
physi cal |w@e70T% mati on in wirel ess, e.g., cellul ar PCEQIAIDBALG ons

net wor ks. BACKGROUND OF | NVENTI ON [ 0002} The Open System I nterconnection
(051) reference nodel is useful in explaining various comruni cations and
routing operations. The OSI reference nodel includes 7 |layers with the
application | ayer being the top nost |ayer and the Physical Layer being the
| owest | ayer. The physical layer is the |ayer which deals with actual

physi cal connections and attributes of the physical connections in the
system Above the sical la is a Data Link layer, sonetines referred to
225t he. 1 ok VEVEODEAND ARRARAEYS FOBENS NODE ASSISTERNEISHEOBomL: | os
descri bed asDISCOVERY ogy specific transfer |ayer. Above the link |ayer is
the network |layer (OSI Layer 3) where network routing and relaying is

supported. T % ﬁ( N nmetines referred to as the packet |ayer.
It is at the it ﬁ‘]iﬂVQL#ggggguting of nessages/ packets through the
network is perfornmed, e.g., on one or nore paths. D fferent addressing may
be used for di ré&ﬁﬂlﬂtg Tigs im@eéommhtesi tgwaisuaicatibes gisfeheneh morepatisuladior

meeshos/ packat aoa P EBRERaL i) Bl Rnp BN Safiion ANRRLIES bl Blefilth; 07

control ling wmﬁkﬁnggoheh@asagasmmkmuhardﬂMakk|nk | ayer level. At the | owest

| evel of the 051 nodel, the physical |evel, one or nore physical identifiers
th/@ a relationship to an actual physical attribute or characteristic of a
saur ce or deBAICKGROUNBOEENVANTION' st andi ng of the different

communi cation |ayers and different addressing techniques used for each of
the layers will facilitate an understandi ng of the present invention.

[ 0003] Commruni cd0002hs "Sl)es@pmSjstmﬂnﬁaﬁcbmdcﬁcﬂ@lﬁ)aefpteucatdoﬂgi iofisefidtimor k

d whi ch . | d h wh . Q..
Prgbielse dla\(ii c%ép, mﬁ‘?’é %ﬁ'ﬁltcgaja’t'c'gnel? ‘gnﬁat‘ﬁk?t’g Icﬁ‘&ﬁrafsglﬁ% re%geglf’g%tnged in

a hi erarchy. inchden'®thgsrs with the application layer being the top most layer and the Physical

Layer being the lowest layer. The physical layer is the layer which deals with actual
physical connections and atiributes of the physical connections in the system. Above
the physical layer is a Data Link layer, sometimes referred to as the link layer. The link
layer (Layer 2 in the OSI model) is sometimes described as a technology specific
transfer layer. Above the link layer is the network layer (OSI Layer 3) where network
routing and relaying is supported. The network layer is sometimes referred to as the

packet layer. It is at the network layer that routing of messages/packets through the

network is performed, e.g., on one or more paths. Different addressing may be used for
directing messages and signals at the different levels. For example, a network address
such as an IP address, maybe used for routing messages/packets at the network layer
level. MAC addresses maybe use for controlling routing of messages at the data link
layer level. At the lowest level of the OSL ntmdel, the physical level, one or more
physical identifiers have a relationship to an actual physical attribute or characteristic of
a source or destination device. An understanding of the different communication layers
and different addressing techniques used for each of the layers will facilitate an

understanding of the present invention.

[0003] Communications systems frequently include a plurality of network nodes
which are coﬁpled to access nodes through which end nodes, e.g., mobile devices, are

coupled to the network. Network nodes may be arranged in a hierarchy. End nodes



typically comuni cate with access nodes directly through connections that
have been established with said access nodes. Such systens usually rely on
on the existence of a bidirectional comunications |ink between an access
node and end not to support two way comruni cati ons between an end node and
an access WOV Be that in such systens the end nodePREVAEPY8UEes not
know t he network | ayer address of a target destination access node but may
be cogni zant of information that it can receive over broadcast channels

whi ch typically can include physical |layer identifier that are normally not
used in such systens for nessage routing. This approach results in handoff
del ays and packet | oss when the end node is only able to nmaintain one single
bidirection @p&gﬁﬁ i A A I hen be
appr eci at edat?ﬁiggl t here a%ugﬁg%’r#ehedd%efsg?m%e}tedﬁ%ggy glﬁ%uggp&g?%%g : %%gﬁg}él l1(3(631\&/\/5 an
end node t hatstarlishedgviysaidaacessgiodese Suelhsistaneseusialtistely ok or theexistengebf access
node to co Wer-L ] i : L I node

W th whi oh A e oA ot In ALy BEESR TR "hen
sai d end nod&ayiesssmurigatians hetween ﬂ@md)mdpmdraeascm; nodee Nodg thet insuctess node. .
[0005] In s e no. r abl f i Iy | tiple

bi di rectiona %%ﬁ%%%%%%?ﬁgﬁg : R§m§ﬁ§ﬂgﬁﬁ% 8%@3%E%§%§%%kﬁ%ﬁ§ga§¥gﬁhe sane
ti me. Howevedestizaiioh asgass pods by piaydielop grieantiof enfoimeationdhatddes reaiwandr nessages

i nt ended for Chil A] .t h o whi ch end. node S a

connecti on, %ggiﬁﬁﬁ% %ﬁi&gﬁg H%ﬂﬁf%§%°ﬁ§c€ xﬁgﬁﬁgrr%%nﬁﬁgvﬁ%: Cific access
node. This mﬂz hot usad sosueh spst@ss for sadssegt kowtingnThis iapmeath rekslts i bpedafal | y
when t hey ar&lé/gn/sr elgegﬁ(ek o@k\%g t&:lgd &oo‘ael “Cttjyattﬁ Jn t.e{ msoof 'r(llgﬂal ity (e.g.,
del-ay and | 055 CRAr BCTer 1St 1cs) . A8 SO TN A PHRADOIHE§ Sr get

dest i nat i on Edires®nalcdennmmyicatiohs ik stithe imet | i nk avail able to the end node
at the tine a nessage to said target destination access node needs to be
sent. Typically thi's limtation is overconme by resorting to network |ayer
conmruni cat i ons {o004] c alit sild thieh &e appraciaied thap Herd3psedd €ortfethbds dnge  of
network | ayer addr e e.g.,.1F resses). This approach of uysing network
| ayer addres%%ﬂE%§ﬁ§%§®°$ﬁ8???%P%ﬁ§ﬂ%§85B?8%?V£ﬁﬁ§ﬂk? §@%ﬁpgﬁ&ﬁg§ to do
with ink | ayeget sqress fode td cominnnioste vaibsail aefenarcksd e vi@ntieg @scebemdlet 0 be
much larger than,li | ayer ssages .in.sone systens. .Such inefficien

Sl onal tng. 1 B e e B S TS SlGrn iR T aRL i hiRs IBU P B 0 P e i1

i nks. WO 2xaié/doZ5ad KRG/ thiSRAR6A0LHI9&S of the th@OibesA@modas nodes t hat

are' serving nei ghbori ng geographi cal cells are typically known to each ot her

via manual configuration. During such configuration, various paraneters are

configured in anfo®dssesk soadaysiems esdasdts age dapatsie vemaintdihingtnsultipleghbor.s. Such
| abor ..i nt e and error, pr not .only due to

configuration.is typically. . I,V one

possi bl e hundifiresiBr dpipmieaion HnkR i diFezadt 269623 nedeE 2t BE GEPF B%Fout of a

Wi rel ess net Wowkvef srh sgNangBpically RRu e MARASY 1Btefd mRYRBesiURni&Ql fora

environmental conditions, This is partjcularly relevant -to_a. gradual phased

depl oyment oTPeSAG AFETE 884, B IHTE R Gbnasy doe feoRReclot avEr R UK Bt i

appheci at ed #ifdtly cohdceedits tit BRREid Qe MEdS Tl 4Pptdehed sopie@a)isdi scovery

processes so, that access hodes can gxchange nei ghbor | nf o%g&t ion jn response

to end node WiHiAM:Nges huks ppeaally whge hesstraviprs s end otlusiereim temes

enccﬁu nter nept guatigPleqy,aidlayasiasoss chariOeriitia)) AR reRNIBL LGRS (HRUArgéd ON

techni ques. destination access node may not be the best link available to the end node at the time a
message to said target destination access node needs to be sent. Typically this limitation
‘1s overcome by resorting to network layer communications that can be routed via
multiple hops due to the use of network layer addresses (€.g., IP addresses). This
approach of using network layer addresses is also inefficient especially when the

" messaging has to do with link layer specific functions, since network layer messages
tend to be much larger than link layer messages in some systems. Such inefficient

signaling is not well suited for communications over resource restricted air links.



SUMMARY OF THE | NVENTI ON [0007] The present invention is directed to,
anong ot her things, to nethod of using end nodes, e.g., wreless termnals,
to di scover base stations and conmmuni cate information about discovered
access ndwes00%76955 base stations, to other access nodRE/U$R0¢/04§d¢ em Thus,
vari ous enbodi ments of the present invention are directed to wreless

term nal based net hods of supporting nei ghbor discovery in a comrunications
systemincluding a plurality of access nodes. As the wireless term nal roans
in the systemand new access nodes are encountered, one or nore physically
adj acent access nodes'wi ||l be inforned of the presence of the new access

node as a resul fpo9b] cq&aeegymg maﬁar%érbmtghﬁxgﬂbbﬁﬁg§§og‘rﬁﬂﬁ@aﬂéélls are [ 0008]
In sonme but not ecessarll i.npl enentations, a I'ur e of_  an access node

to route a rgdsy W&ﬁd@w&eﬁw@a@apﬁalgﬁaﬁﬁgﬁn% Mgﬁa%cqr@gusa@an,t 0
trigger var '\@Hﬁusslbﬂ&ﬂlat%rs‘h?@goﬁffgu%dQM'aﬂﬁcéé@@ﬁ&&%oh%ﬁdnﬁ&g‘tmsé%%tdfﬁg to the

access node which failed to conplete the.routing operation. thi's manner,
an access ndgiehbars. ﬁ%\“‘«hecqnﬂgmiﬁb% isriypiraihbiebeitintsnsivie ged @raortnsonarmt@ab' dugut i ng
i nf onnati on ;5QLLd an end
noda bt whiCR e Beesson o8 <G8 IRg B8 het et e Ao R IERT e AR vt e
routing i nf eehwerkoften changes pp oet9joriBgxpansiomat ¢veg duk lto eavirenmgntal eenditfonishe

access node lSRMRINIALARRS Sy b BEAEANAMANNARRRE 8 #9pflesd D BT eSO

i nventi on make phase ess no aS|er an in systens

wher e accessonuglgscations sy;seennrahmhcbulgr thenbg raapmeldtednhldtotrhe@uppmmlfomndmode

'b”f ormation a%BI?t‘é& n%i%ﬁtxgr cﬁ?éog s Qc?‘{hta Jceé E&Fod% 93919&%11 e%@%hpgxl ng a new
3se station. Tn ad@ition, sI e nel Iscovery i'ng process

iccurs wit h ihforinkgoroin mspoaiscr @ctndaubﬂemgah@,cas therfmdlmdmnbye ﬁht’nmghmnthbszis and
appar atus of_the present |nve tlon are artl u or systens
where the enstyftfaré:L gte\%?‘ﬁlt??amwn%gepn%y &ﬁ@'}a‘“%?mangfl C%Ph g;lnnl strator
and i ndi vi duatimiqrey.freel y add access nodes, e.g., base stations, at wll,
wi thout first notifying other base station admi nistrators of the

i ntroduction of a new base station into the system [0010] . Thus
various featSUSRMARY OF THFINVENTRON directed to end node net hods of
receiving signals fromaccess nodes indicating an identifier to access node
address resolution failure and causing said end node to send nei ghbor
notification mesemges Tiespredwdt Eﬁél&biniﬁhﬁai’ﬁéd 0f aeny ameﬁm&g@adenmmmtbors
[0011] Whi.le sone fegtures ar irect wreless termn nmet hods and

appar at us, Asingand nodes, 5-gpoViLs esﬁé %t‘b ISpqyET bRsqFAtions A ‘E%Hmf’aﬁe

wirel ess t erikdihtioR kit dfs@@*ﬁd#écﬁ&cé’srs%déésr egt, &dsd statitRNLto &ﬁ&%&es@ﬁd@esﬂﬂt hods
and apparatus. The inventiaon is also di rected to .data stor gew ces,
menory devi Ay/stchi dHuSVariauLFRbaimenis of the Pfﬂ%@“tﬁﬁmloﬁ@?s‘g%’é@ &e “iuﬁl?sspr esent

i nvention. ierminal based methods of supporting neighbor discovery in a communications system
including a plurality of access nodes. As the wireless terminal roams in the system and

new access nodes are encountered, one or more physically adjacent access nodes will be

informed of the presence of the new access node as a result of communications with the

wireless terminal.

[0008] In some but not necessarily all implementations, a failure of an access
node to route a message from an end node to another access node is used to trigger
various signals used to provide updated routing information to the access node which
failed to complete the routing operation. In this manner, an access node can have its
routing information updated to include routing information corresponding to access
nodes which were encountered by an end node but which the access node was not

previously aware or lacked adequate routing information.



[0012] Wil e various enbodi nents have been discussed in the sunmary above,
It should be appreciated that not necessarily all enbodi nents include the
sanme features and sonme of the features descri bed above are not necessary but
can be deWiOo28b1/95958 sone enbodi nents. Nunerous additi ofGI/U$28¢(148HE

enbodi ments and benefits of the present invention are discussed in the
detail ed description which follows. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0013] Fig. | illustrates a network diagram of an exenplary conmuni cations
system i npl enmented in accordance with the present invention. . [ 0014]
Fig. 2 illustrates an exenplary end node inplenented in accordance with the

gt ement od i n S00)} o B% ANRAAE fLork borkdFbf B S8l n SRR BN AEARE a0

i |l ustrat es methedsendl appyratDs o &wtprcﬂenﬂ ideerttiohingekeiphpdendeptoytheatafacdésag t o this
I nvention. nodes easier than in systems where access nodes must be manually programmed and/or
supplied with information about their neighbors as part of the process of deploying a
new base station. In addition, since the neighbor discovery and updating process occurs
with little or no direct administrator involvement, the methods and apparatus of the
present invention are particularly well suited for systems where the entire network may
not be under control of a single administrator and individuals may freely add access

nodes, e.g., base stations, at will, without first notifying other base station administrators

of the introduction of a new base station into the system.

[0010] . Thus various features of the invention are directed to end node methods
of receiving signals from access nodes indicating an identifier to access node address
resolution failure and causing said end node to send neighbor notification messages for

the establishment of new access node neighbors.

[0011] While some features are directed to wireless terminal methods and
apparatus, as well as to novel messages of the invention stored in a wireless terminal,
other features are directed to novel access node methods and apparatus.The invention is
also directed to data storage devices, e.g., memory devices, which store one or more of '

the novel messages of the present invention.

[0012] While various embodiments have been discussed in the summary above,
it should be appreciated that not necessarily all embodiments include the same features

~ and some of the features described above are not necessary b}lt can be desirable in some
embodirﬁents_. Numerous additional features,.embodime'nts and benefits of the present

invention are discussed in the detailed description-which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 illustrates a network diagram of an exemplary communications

system implemented in accordance with the present invention.



[0017] Fig. 5 illustrates an exenplary message using the Connection
ldentifier of Fig 4 inplenented according to this invention. [0018] Fig.
6 illustrates exenplary signaling perforned in accordance with the present

i nvent i onWEHEN/EsMSEnd node mai ntains a bidirectional cYAMERIMENS one
access node and wants to conmuni cate with anot her access node. [ 0019]
Fig. 7 illustrates exenplary signaling perforned in accordance with the
present invention when an end node mai ntains bidirectional connections with
mul tiple access nodes. *+ [0020] Fig. 8 illustrates exenplary signaling
performed in accordance with the present invention when an end node triggers
a nei ghbor disc gale ﬁﬁ%’? . ' 9
illustrates an febyg& I grrl%) zglﬁ%ﬂ%és%g g{llwggl a Flgl gél}eené%q 13%79 %%&%ngglk‘gthmhi ch
may be used theprepgnypivagtitset ween (to/from POs and correspondi ng hi gher |evel
addresses. DETAI LED DESCRI PTI ON: [0022] The nethods and apparatus of the
present invention for routing nmessages based on physical |ayer information,
e.g., physical [W8F iFigiénilustratessan esomplary ageessanods éntptementguioatcordance

comuni cat i ' | t.n_one or nore end nodes, e.g., nobile devices.
The net hod &ﬁ%‘%g%%sgﬁlagwélg{"he I nvention can be used with a w de range of

[0016] Fig. 4 illustrates an exemplary Connection Identifier implemented

according to this invention.

[0017] Fig. 5 illustrates an exemplary message using the Connection Identifier

of Fig 4 implemented according to this invention.

[0018] Fig. 6 illustrates exemplary signaling performed in accordance with the
present invention when an end node maintains a bidirectional connection to one access

node and wants to communicate with another access node.
[0019] Fig. 7 illustrates exemplary signaling performed in accordance with the
present invention when an end node maintains bidirectional connections with multiple

access nodes.

[0020] Fig. 8 illustrates exemplary signaling performed in accordance with the

Q: present invention when an end node triggers a neighbor discovery process between two
s’

access nodes.
' [0021] Fig. 9 illustrates an exemplary PID to higher level address resolution
table which may be used for mapping between (to/from) PIDs and corresponding higher

level addresses.

DETAILED DESCRIPTION:

[0022] The methods and apparatus of the present invention for routing messages
based on physical layer information, e.g., physical layer indentifiers, which can be used
to support communications sessions with one or more end nodes, e.g., mobile devices.

The method and apparatus of the invention can be used with a wide range of
5



5 conmmuni cations systens. For exanple the invention can be used with
systens which support nobile comuni cati ons devi ces such as not ebook

conput ers equi pped with nodens, PDAs, and a wide variety of other devices
whi ch supmpay foomesessess interfaces in the interests of BEVUSW0GEBILIty.
[0023] Fig. 1 illustrates an exenplary comuni cati on system 100 i npl enent ed
in accordance with the present invention, e.g., a cellular conmunication
net wor k, which conprises a plurality of nodes interconnected by

conmmruni cations |inks. Exenplary conmunications.system 100 is, e.g., a

mul ti pl e access. spr ead spectrum orthogonal frequency division multiplexing
(OFDM wirel cation
system 100 exc ange |n%§€§tél‘%§%@é§&ﬁ%twﬂ$?nt o'ﬁctaﬂﬁ?%ém tﬂgzﬂ gggﬁh
communi cat i cwppend twbde spmmugwﬁtlmseiewmesuwhtas Botabmiocbomp@c)rs eEﬁhﬁped with

conmuni cat i be | nent d [ .e

usi ng Wi resoa?déb Jﬂl&% alwg F&és‘}a%n{ﬂé‘?%th W T er nﬁ%@ rcﬁ%ca ?lgsr?sln{é%ﬁll'aues
The exenpl artyeuﬁmnbﬁd;tmmmelylhtyem 100 i ncl udes a plurality of end nodes
144, 146, 144', 146', 144", 146", which access the conmunication systemvia
a plurality of access nodes 140, 140', 140". The end nodes 144, 146, 144",
146', 144", 146'[0028y bEig. Ellﬁlstratu mém@l@mm@wan&msﬁb%ﬂme@uﬁpleﬁ@ﬁm nal S
and t he access nog%rs 140, 9 ase, st.ations. 'IV'QS base
stations may"FE°THIETE ‘e@é&“ﬁ%"%ﬁ"@é‘P&%@ %c"c‘é‘ilé‘ F 88‘?‘&%“?“‘1‘%“%‘%@

comuni cat i ogongtEeeaPRlitd bsHodes Glttxdesnedted WFRBmmAini HtioRs hiil&dEﬁerﬂi%y 106
110, and 112, used to provid nterconnectivity or to prOV|de specific
fip

services or OHBEHEHONS St L PR 4 45 arRUtiBle @RS FRICALIAS BRI AEthese™ e st em 100

hcl udes a EéqRhcyLBidisidrSatitbRxSFIOTTIMS WabeESdondNehisdtona g@stéth. NoaésSn
pertaining to end nodes. The Server node 104 may be, for exanple, an AAA
server, or iie E§mplancomypursationsysiend0sashpage lﬁ?nﬂqt‘oﬁé?msél@a@e‘? ger

i ncl udi ng bof,BssARK, sﬁeagﬁ cBﬁiﬁﬁ&ie@ﬂé’ﬁ pfoyoc%&d gomeemﬁeﬂert@%t)@al (BB
functionality. [0024] The Fig. exenpl ary system 100 depi ¢ts a network
102 that | nc‘FclE’éFélEmP‘I’FémSéH“%Pf tkeay%a 19‘?1313%’6&‘121?61%%!4; R eX3RPlEJHHRECYER- t 0 an

i nter medi at efiR@topBE katle nd/dPwhi¥led RImhasaRaHE RENMGENWOTKe bidMpldQo and 107,
respectively. The i nter medi ate network node 110 in the network 102 al so

provi des i nt €reBRnedignsysim W0 iasludasie teralty aficad nades 1dd HMGdr4T ddon 14E.
perspective pigt RRiASHVRS hle]&%uﬂﬁrﬁcéﬁ%h‘épsrtgm lvi %—lﬁgallty J}{Qic‘é@d'slﬁohééﬂﬁolm IS

connected to another intermedi ate network node whi ch provi des “further
VWO 2007/ 075958BcTRhessmmdss 344,446, 144°, 146°, 144”7, 146™ may be, e.g., wireless

communication devices or terminals, and the access nodes 140, 140°, 140" may be, e.g.,

E(

base stations. The base stationis may be implemeneted as wireless access routers. The
exemplary communication system 100 also includes a number of other nodes 104, 106,

110, and 112, used to provide interconnectivity or to provide specific services or
£

ke’ functions. Specifically, the exemplary communication system 100 includes a Server

104, used to support transfer and storage of state pertaining to end nodes. The Server
node 104 may be, for example, an AAA server, or it may be a Context Transfer Server,
or it may be a server including both AAA server functionality and Context Transfer

server functionality.

[0024] The Fig. 1 exemplary systern 100 depicts a network 102 that includes the
Server 104 and the node 106, which are connected to an inte;-mediatc network node 110
by a corresponding network link 105 and 107, respectively. The intermediate network
node 110 in the network 102 also provides interconnectivity to network nodes that are
external from the perspective of the network 102 via network link 111. Network link

111 is connected to another intermediate network node 112, which provides further



connectivity to a plurality of access nodes 140, 140', 140" via network
links 141, 141', 141", respectively. [ 0025] Each access node 140, 140',
140" is depicted as providing connectivity to a plurality of N end nodes
(144, 146y¢ 260%A%0ss 146" ), (144", 146"), respectivel y, MTABWH$IHondi ng
access |links (145, 147), (145, 147'), (145", 147"), respectively. In the
exenpl ary communi cation system 100, 'each access node 140, 140', 140" is
depicted as using wireless technol ogy, e.g., wireless access links, to
provi de access. A radio coverage area, e.g., conmunications cell, 148, 148,
148" of each access node 140, 140', 140", respectively, is illustrated as a
circle surr e o i Gass detnrs < exgRpl ary
conmuni cat i g%ﬁfsé‘flgﬁg;mgl Hfag%zﬁ%szg%sggﬁt ylgfg’slezgphfsa‘toa vﬁ%rs‘elgtg’g@nlégﬁglﬁie(@c’ri ption
of various é&fbbdéspesitvelof the invention. Alternative enbodi nents of the

i nvention include various network topol ogies, where the nunber and type of
net wor Kk nodes, the nunber and type of access nodes, the nunber and type of
end nodes, the [@02%ler Eaoldatogpenaie 198y MOF,sl 401 b depivded asgeotidingtcoensutinider and

of "the. excrt APO-RHRLN BUTiogR Ay L8P AT EEPY R Tl it 0oy T

various enmbodirespbhdingfhcddieliptsd45t147))\(BI] DIV ) 045 pl4 T haedpactivelniatheent i ti es

depicted in Fig.. 1 may be omtted or.conbi ned. The ] ocat,i ,ar ,pl.acenent of
hbe t unct | GReblan N BOTeR S Or eageeat aptakdoy LR, -6 BB R 'y
2 provides asifgtwdidlesd téchholopy.add. omirelessaccex dinkd, 36 providt dcoe. KXoftioe. g. ,

w reless term-nal such as a nohi Ite no‘ﬂg, é%erﬁ Leg ig accor dan with the
present i nvERYSBF ThE S ONPTUHGAURRNCHL 4ES-208; 1d8pPrteash aFFsErgt® B0 s a
j€tai | ed represent’giéspbetdlel g s BinRetal as% diftdd suiRyindifg Wsecbrspaidingdteessf t he
emd nodes 144, 146, 144', 146', 144", 146", depicted in Fig. 1. In the Fig.
2 enbodi ment®®®he end node 200 includes a processor 204, a wireless

comuni cation interface 230, a user input/output interface 240 and nenory

210 coupl ed toget her bus 206. Accordingly, via hus 206 the various
conponent s of tW@z&nd FEeBBHL SRR Fﬁ?bﬁWﬁf?@ﬁ?mgpgﬁﬁF 3dd dat a.
The conponemhasis £834he d&6ripRdiof Visidus &fbbdifnehtd 8f tiRNAvemeide. AR&native | ocat ed

i nsi de a housi ,ng. 202. . . . )
embodiments of the invention include various network topologies, where the number

and type of network nodes, the number and type of access nodes, the number and type
of end nodes, the number and type of Servers and other Agents, the number and type of
links, and the interconnectivity between nodes may differ from that of the exemplary

communication system 100 depicted in Fig. 1.

[0027] In various embodiments of the present invention some of the functional
AEN entities depicted in Fig. 1 may be omitted or combined. The location or placement of

these functional entities in the network may also be varied.

[0028] Fig. 2 provides a detailed illustration of an exemplary end node 200, e.g.,
wireless terminal such as a mobile node,-implemented in accordance with the present
invention. The exemplary end node 200, depicted in Fig. 2, is a detailed representation
of an apparatus that may be used as any one of the end nodes 144, 146, 144°, 146°,
144, 1467, depicted in Fig. 1. In the Fig. 2 embodiment, the end node 200 includes a
processor 204, a wireless communication interface 230, a user input/output interface
240 and memory 210 coupled together by bus 206. Accordingly, via bus 206 the various
components of the end node 200 can exchange information, signals and data. The
components 204, 206, 210, 230, 240 of the. end node 200 are located inside a housing
202, '
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WO 2007/ 075955PCT/ US2006/ 048916 [ 0029] The wi rel ess conmuni cati on
interface 230 provides a nechani sm by which the internal conponents of the
end node 200 can. send and receive signals to/from external devices and

net wor kK ngees7/08s98s , abcess nodes. The wi rel ess comurmGIATS2en6/0u8der f ace 230
i ncludes, e.g., a receiver nodule 232 with a correspondi ng receiving antenna
236 and a transmtter nodule 234 with a corresponding transmtting antenna
238 used for coupling the end node 200 to other network nodes, e.g., via

Wi rel ess comruni cati ons channels. In sonme enbodi nents, the transmtter

nodul e 234 includes an orthogondl frequency .division nultiplexing (OFDM
transmtter. 100301 The exenpl ary end node 200 al so includes a user

i nput device 242, e.g., keypad, and a user outplit device 244, e.g.,

di spl ay, whi'ch @d29]codpt edrelass borsmidiatiomintdnface 320 piavﬁrlns/aonﬁcihamsmrbyerface

240. Thus; user, i nput/out put devi can e nf.or i,0n
 anal oo o S bR CoRiont i oF B2 i B0 0GR 4EHE RET SRR pEnlR L/ B0
i nput / out putexiehiat téaess aﬂéﬁheamiklnusesw@,, addess niries. Th&pm”rrélesstcbuﬁnurﬁttaﬁbﬁ ace 240

and associ at.ed devj.ces 242, 244 ovi-de hapni sm b ch a .user can
operate t he ¥fda%II iBedss ot Be 86 f‘ieéﬂw{;‘;lﬁggg?“ ééP‘?f‘ EPEVIgr | the

user inpitt ad@%hL23624hd DtshstE®er iBodudé/2301ith QEOIZésﬂaoﬂdlﬁglndﬁsrhiﬂﬁqé@mhbonm ity
that all ovvs a user to %:fntrol t he end node 200 and appl i cations

modul es, pr dgf & fof erupling dhesensh nade 200 & pt8prnetyorknodss Gl ovig erfjr?és rre mory 210

of the end r&e&@n%&quons chahﬂ&@linsﬂﬁéd?ﬁwaﬁﬁ&@s' i danstiier ROMNE 234 REludey | OUS
Modul es, e.g., routines, inclu i n_renory 210 control s operation of the

end node ZOGntoéthB%‘?nlabffﬁ‘NP&PYSD’éS@P@HHMIW%Qf%Bé%%?‘ﬁ@‘ as di scussed bel ow.
'heé nodul es included in nenory 210 are executed on startup or as called by

ot*her nodul es. Mdul es may exchange data, infornation, and signals when
execut ed. Modul ©930ny Thessemplarrensbnase 200 alsp inslvdes agweninpw dexise 362¢:84 n t he

Fig. 2 enboqiyRit and desl Bl yd&é& 221‘4 @gd cﬁ&BQ? whidhfe éclaglegr@%ﬁmw mmﬂ on

includes a signal i ng/ cont roI Signal i ng/control data
[0032] The éisgl‘riaPng‘ﬁRi’émt?@cer%QuT@sz&@r mt/w&pgt Gsvises 347.7¢4 can @sqhﬂ'@get 0

recei ving angdeps@add] 91@!119%1@41 éata%@x othéf%%ﬁl Ofchts §0he ERIAGRRIOLviLhsept AL ©

i nfoi mation storage, retrieval rocessing. Signaling/control data 214
i ncl udes st dnentontost intrfasn 248 apd | bu Arbe vyes inpyt/guipyt ntrarase 247 ansk

i nformation ggl ahddWbvicds ORE AU ROVIAE 2 hlehaikth BPIRich! Sur can operate the end

node 200 to accomplish various tasks. In particular, the user input device 242 and user

output device 244 provide the functionality that allows a user to control the end node

200 and applications, e.g., modules, programs, routines and/or functions, that execute in
the memory 210 of the end node 200.

[0031] The processor 204 under control of various modules, e.g., routines,

included in memory 210 controls operation of the end node 200 to perform various
signaling and processing as discussed below. The modules included in memory 210 are
executed on startup or as called by other modules. Modules may exchange data,
information, and signals when executed. Mociules may also share data and information
when executed. In the Fig. 2 embodiment, the memory 210 of end node 200 of the
present invention includes a signaling/control module 212 and signaling/control data
214.

[0032] The signaling]control module 212 controls processing relating to
receiving and sending signals, e.g., nessages, for management of state information
storage, retrieval, and processing. Signaling/control data 214 includes state information,

e.g., parameters, status and/or other information relating to operation of the end node. In
8



WO 2007/ 075955PCT/ US2006/ 048916 particul ar, the signaling/control data 214

i ncl udes configuration information 216, e.g., end node identification

i nformation, and operational information 218, e.g., information about

current pwoeesmngsstate, status of pendi ng responses,P@EES2000048%pdul e 212
accesses and/or nodify the data 214, e.g., updating the configuration
information 216 and/or the operational information 218. [ 0033] The
nmessage generation nodul e 251 is responsi ble for generating nmessages for
vari ous operations of the end node 200. Nei ghbor notification nmessage 280
and signaling nessage 281 are exenplary nmessages generated according to this
i nvention. : : S X

sel ecting apF &gg)’éﬁég&m%wg cggtsrt (} %1401? (r;]g?n ogﬁ%ﬁflg f’%@ﬁ’qﬁﬂ’ﬁ E </a| | abl e
to end node eﬂ@ﬁodlmidentif@atiomnﬁmnmnmowmon@ﬁnfoms@ag@8@e:xdynﬁoandmn
transmtted n e gQr. [ d on
various |i nkgé{utecluﬂf3 43 qgce%gg% (Satrysé sthﬁ?%fﬁ&!dﬁ%ﬂe% @:1[3 & ’rﬂé%n Elll.ll'? %ri]gt limted
to link |at encb,sseslmddor Uiodtfplelie datnli4, B@su,pdhﬂu@thecmdigmaim infomghatiomX16

transm ssion " [0035] The physical |ayer "attachnent

poi nt i dent iaf‘%mﬁle aﬁf’?ﬁgﬁﬁ?ﬁwl&bdul e 270 is responsible for

determ ning the PID correspondl ng to broadcast signals received froman
access node. erm nation dul includes,a.cell identification
nodul e 271, a C@IDE#E dﬁ'ﬂé’?ﬁsfq‘ﬁe%f‘?% gﬁ‘lggg%?reﬂ?‘?&m IR eE3t¥ént i f i cati on
modul e 273. dlé’ssﬁgéﬁ'ﬁorbﬂahoﬁwépe?dtioneB’Dﬂﬁleﬁﬂlﬂbc&e 260. mfﬁhbﬂﬁﬁd’tiﬁbaﬁﬁn ﬁleﬁsﬁgé
identifier, carrier identifier__agnd sect identifier useﬂ{\ si cal

att achnent g?%pﬁfl Figaitng message Biaie gren %‘%’én?sa@(?’ﬁ 5?‘?%?“’ esponds
tb’w physi cal ihws@bnl dentification information. For exanple, the cel I'

entifier identifies a physical cell or cell type. The carrier identifier
identifies the physical carrier, e..g, the carrier frequency or tone bl ock
whi | e the sect o[ooB4pntTHeilRk stidetidd :fn'b@\se315m&s}fonhlmeafoﬁwéceﬁ@mﬂﬂcnggqaiel. Not

all of this informtion need be_used t, enent nd the partjcul ar
ol enent of - BePHEBEgREY DB REIRG Ao Oreh 2D B OO

exanpl e, in the ﬁéﬁéh%g%ég’@lré‘da d@B&trBﬁHnnttS@bﬁ&&‘dﬁHdemd Thed ligk &dl@ﬂhenu@uhdmbe no
need for a sector LD Sim arlaéf in a si ngle carrier syst?gthe{e may be no

need for a daPRSedonVETIORHRK ymaseers i pding gljeast sorgn et B Ah B B st em
i ncludes t hqlx&tl@déﬁcﬂhnﬁl@ﬁ‘drﬁ%l aeditioRs, afiid erfod €416, 1ahil Hiak @RsHREUh Bowdrl for the
determination of a cell identifier, operatl ng ‘the carrier identification

modul e 272 TFFHIEMSISet er ni nation of a carrier identifier and operating the
sector identification nodule 273 for the determ nation of a sector
identifier. Thus, it should be appreciated that different signals which pass

t hrough a si ngl H’“ﬁﬁl/&%lphb’?laﬂéﬁeé' pitachgleahpoint identifier (BI)<detpaninaign cor r espond
to di fferentyphysbodls PBBIbRIDATMBRInD UIBID creBpondMIEHBrEAR fgnslbe

di fferent physical |ayer attachnment points may be uniquely identified at
| east wi t hi rreeeiveskiom ap agcespyode- d Iﬁaieremnwﬂ%wsipb 70igeindssracstls . For

exampl e, it b bemARAG 091 3 St icGATLOAYb O Ohaaeddt enna or sect or

ntifier in conbination with a first carrier entifier mght be used to
identify a fifpaificgiigmmedule 23 sameleinehall probedimapts| 2cembisetinmridacti er

i dentifier ip.aaMDiAftd Mentibhadd \@cRRIRnAALSRORsAls PRGHEI altbl@Ridnf &Rt MY be
used to identify a second physi cal | ayer attachment ™ point.
identifiers. Each of thes¢ identifier eléments corresponds to physical layer identification
information. For example, the cell identifier identifies a physical cell or cell type. The
carrier identifier identifies the physical carrier, e..g, the carrier frequency or tone block
while the sector identifier identifies a sector in a corresponding cell. Not all of this
information need be used to implement a PID and the particular element of a PID may
vary depending on the system implementation. For example, in a system which does
not use sectorized cells there would be no need for a sector ID. Similarly, in a single
carrier system there may be no need for a carrier ID. Making a PID determination, in
one exemplary system, includes the steps of operatin};T the cell identification module 271

for the determination of a cell identifier, operating the carrier identification module 272
9



[ 0036] The physical |ayer attachnment point identifiers (PIDs) information
260 is a list of PII3s, (PIDI1 261, PID2 262) which are Pl Ds determ ned
usi ng the P1D determ nation nodul e 260. One exenplary inplenmentation of a
physi cal VP78t ¥chment point identifiers (PIDS) nayPo&Ua2W0¢Pt§det i on
identifier (Cl)) which may be included in nessages when sendi ng and/ or
recei ving nessages. Particular exenplary ClDs are di scussed further bel ow
[ 0037] Menory 210 al so includes a neighbor notification nodule 290, a
message transm ssion control nodule 292, and a l|link establishnment nbdul e
294. The nei ghbor notification nodule 290°is used for transmtting a

nei ghbor not fof kiteadetdtthindRiofl -of adaiiRt fHRRGfierAUiobbafhs M2 seRSSRBAAGPont O access
nodes. Message transni ssion control nodulfe 292 is used for controlling the

transmitter Rotuee725or the deirrmasetion ofareeier identifierd fihis.2bshonly besanprecinted
est abl i shi ngm,a; AYelRnesignAO WHAILAA thfeh lisiiede YysRPeERESHAUWESent, e.g., [ 0038]

[0
Fig. 3 provides a detarled illustration of an ekenplary access node’ 300
i npl enent ed #HerpeceaRRnEsPanditp diffsens phxsienl layiey altacheent Poiets co@ npyhereyaciccess
node 300, dep®t afbedrbhtFhOsical 1aves atfaclila n J ¢ arat us
that nay be used asran§)gﬁggg?ktﬁecggéeééﬁﬁ% egt%i@?hﬁﬁgﬂgﬁgkgﬁﬁgggﬁcted I n
Fig. 1. In twéghimaglocd agerpbyawembinatioreofpbysical idedtifie®0 Fonextampds, itshpulddessor

ANy | i | . .
commun cat | offtr 5 ae Bl ELGpH AL P AP e R S ERe B bt i
bus 306 the Siest pastisr idomimanight bsised Froidentifcfirsigrysiealayranttesbrimt geint

o e ode wBl ORI A ARl i SOHBARAIN B33 3e sfRuncthor 30 330 OF the

i%qess node are loca I'NSI ousin
-, identifier may be used to identify a second physical layer attachment point.

[0036] The physical layer attachment point identifiers (PIDs) information 266 is
a list of PIDs, (PID1 261, PID2 262) which are PIDs determined using the PID
determination module 260. One exemplary implementation of a physical layer
attachment point identiﬁers (PIDs) may be a connection identifier (CID) which may be
included in messages when sending and/or receiving messages. Particular exemplary
CIDs are discussed further below.

[0037] Memory 210 also includes a neighbor notification module 290, a
message transmission control module 292, and a link establishment module 294. The

neighbor notification module 290 is used for transmitting a neighbor notification, e.g., a

neighbor notification message 280, to access nodes. Message transmission control
module 292 is used for controlling the transmitter module 234. Link establishment

module 294 is used for establishing a wireless communications links with access nodes.

[0038] Fig. 3 provides a detailed illustration of an exemplary access node 300
implemented in accordance with the present invention. The exemplary access node 300,
depicted in Fig. 3, is a detailed representation of an apparatus that may be used as any
one of the access nodes 140, 140°, 140” depicted in Fig. 1. In the Fig. 3 embodiment,
the access node 300 includes a processo'r 304, memory 310, a network/internetwork
interface 320 and a wireless communication interface 330, coupled together by bus 306.
Accordingly, via bus 306 the various components of the access node 300 can exchangé
information, signals anél data. The components 304, 306, 310, 320, 330 of the access

node 300 are located inside a housing 302.
10



WO 2007/ 075955PCT/ US2006/ 048916 [ 0039] The network/intemetwork interface
320 provides a nechani sm by which the internal conponents of the access node
300 can send and receive signals to/fromexternal devices and network nodes.
The net wowky20emozsaset wor k i nterface 320 includes, a reRGWERNHIINE 322 and a
transmtter nodul e 324 used for coupling the node 300 to other network
nodes, e.g., via copper wires or fiber optic lines. The wrel ess

conmmruni cation interfade 330 al so provides a nechani sm by which the internal
conponents of the access node 300 can send and receive signals to/from
external devices and network nodes, e.g., end nodes. The w rel ess

communi cation interface 330 includes, e.g., a receiver nodule 332 with a
correspondi ng receiving antenna 336 and a transmtter nodule 334 with a
correspondi ng t [38hi tThengtweerkdniemebaak imthdadert28rravide38Metkmnisyebly Which

coupl i ng the; tapar gggﬁf Vi hd el ess
conmmuni cat i gtﬁggﬁgﬁﬁlé{ag&%néggfg@lﬁg%%%&%r%e%ggr ﬁl rg%eg%er Slg%ﬁﬁi I?N{)ffonléf

vari ous noduixésnalgevices anglnstwenk nodess Thd setwonk/irdennetywait Onterfave 1380 snobpies,at | on
of the access.node 3 rf.or o ianal i and.processi The
nodul es i nclrégégeyi%ocgr‘gen%fréy fbmgqulgl\{t XECU }aezg%n‘%g@ g%t‘cﬁ‘ag%‘?g t§§ n§§7 ?@Joby ot her
nodul es t hatotharynebesrhmedent.gi, Iviamappenwisdstor fMed optéslimesy Thxwivaleagee dat a,

| nf or mat | on SHREREsART s A SRR A TR b BEBIRR B e momor
310 of the amtgaentsdLthd@Ocat node3(reassaid andwesdiveosignaictofian eategiagnal

ti dul e 314 f th ti i.gnal t. ti dul
0" oS B o7t ehRah gt Sha SiIEh SepBuB Rt i B

(12 that is inelapansighhecdeiver il Bp2RYilsa tarrdspbmdink rdcaiyiiy MtneSSeand &n

address resol ution tab jncluding PID to I F. address phi ngs 317.
Verory. 310 AFSSTE iR P SH Wi SO OP AR IOt Pak SR TRRHES T yi ng
end nodes w330 ivhied ol bsuphiag @isSacoesd @odH800 B dther@R@EWaIRn6ats, 0.gs vid Witeledspl i nk
resource allocatian jnf rrraai on 340 responsi ble for allocating uplink

resour ces tocoé‘?fﬂm?’r&ﬁ’é’?,"?’??&qsudi ng resources allocated to an end node X 341
and, downlink resource allocation information 345 . responsible for,

al l ocati ng downl ink resources to end nodes, including.resources allocated to
an end node X 34¥401 The progepsqr 39druafler GOgrnleeh BFPES I oties gy Otines; g 9

illustrates mbludéllingsembR50Wona6ls bpéhBorBdfithe WhdeedindRy3 0G0 Pestnasaridne
address resolution table 311 g_ngn % Fig. 3 The adgi{ess resolution table
311 i ncl ude¥emalipg aagprocewine. d4e moghiss inghiied g remoqy 510 are executed on startup

- or as called by other modules that may be present in memory 310. Modules may

exchange data, information, and signals when executed. Modules may also share data

and information when executed.

[0041] Inthe Fig. 3 embodiment, the memory 310 of the access node 300 of the
present invention includes a signal géneration module 314 for the generation of signals,
a packet routing module 350 responsible for the routing of signals and messages, a
mapping module 312 that is responsible for mapping PIDs to network layer addresses,
an address resolution table 311 including PID to IP address mappings 317. Memory 310
also includes an end node identification module 351 ideﬁtifying end nodes with which
the access node 300 is in communications with, uplink resource allocation information
340 responsible for allocating uplink resources to end nodes, including resources
allocated to an end node X 341 and, downlink resource allocation information 345
responsible for allocating downlink resources to end nodes, including resources '

allocated to an end node X 346.
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information indicating the corresponding |IF addresses 903, 905, 907, 909,
911 and 913, respectively. The PIDs are each unique locally, e.g., the PIDS
of imredi ately adjacent cells are unique fromone another. Note that the
content oWotne/0P$9s nay vary dependi ng on the physi calPE@HER2805048%&1t | cs of

t he access node and nunber of physical |ayer attachnment points supported by
the access node to which the F ID corresponds. In the Fig. 9 exanple, PLDs
902, 904 correspond Ma first access node (AN 1) which supports two sectors
whi ch use the sane carrier. Accordingly, in the case of AN 1, it is
sufficient for the NDto include a cell identifier and a sector type
identifier to ugppasel Rel | i s i in the
el 1. PLDS 906 0GR B0 HaF Por seiafly FPE O Fipr CHRRRAL SCAIRDS SR

carri ers andaieBt} pihichgsay be usedas deerafidrags sesolutien b3 ¥ loshosmda §ég. odd2 are

| pl enment ed agareg Q§ol¢é€ﬁ%& Jasﬁ%%ﬁnma&e@?%og,m, b, 608! O opX P! ar'y

embodi ments di scussed turther herein. 12 ¢correspond$”to a third access
node whi ch iinformetén indighting the sewesponding IR adssesses9035 PB5,4407; 90, 91 hewdP1H, ngl v,
it is sufficient,.for whi ¢ch rresponds. to hietd_a ode, to
el ude | uste Bl Hlekibistd ElnSRIEIRANT & ok DR i BafbRERT a0k

i dent i fi cat icelis are ugique drosectcamotired/ Noteghatrthecontets of tifd RIDs nidyevarycl usi on of

such additiopal jnfqg { sirabl e r recessing

or spoct | ve oL PR bl el HarpGeER oT BBt B hhce S AP REERARKS

[ 0043] Ref erlayengitavhwmehbpding.sugported @y the adcksssiodatewhh thxPptargsp&aBn@&ct i on

| Dentifier | 00 i npl d,according.to this invent) . 400

i ncl udes a éﬁ%@@' Q%amﬂ% I%ﬁ%%?gag(%eﬁopcfp(f £9 £ 78¥ ,a°%°s§58‘fleo¢Ac}§}b%ﬁch is a
eCt or | dentsuppats tavndectoSawhitlense4BOsamdicartier. Acontimglyycin the @geeNAN I, ddnt i fi er
al"'so known as_.tone_.block identifier.. . ..[L004 In an ex ar .

Communt cat i GRELORE ShAEFT FERERAP BEReB o 1 mehoR e AERRRRLY apiavele
spectrum s ddstitife cheiphysical layeriagachaient poins iatd cell PEDs DO, GOB) &1 Oaderespordct or s
char acter: st 5o PRt Red s Rufihs colidh anlm sl R H o SvePe s P I

di fferent ceblsccagathodeRtagd SBnplemasted) BDOIDSE tigeagicannmi ks asedds vhisaisdi f f er ent
hoppi ng sequences, whjch specjfy h he, t ones hop. The h j ng
cehbences aregaky GrbiweRa cisstisogt Butheeheroe P ROALA pORSeoMP o PRBH 't h t o
i nput va(r]I i abi_cf@éss na@egrrwhﬂ;h iﬁdlﬂlééf&l;ﬁnél@?ﬁfdrﬁh&ﬁseg@-s_ﬁmgl? sdripe Aé@btt&mgml,ridisa
sector identifjer. sector identifier y be inmplenented . as a sect or
type identi f§ Cl?"ﬁﬁ?"i%ﬁm é‘é(%‘@i‘ SRAERndY t°éh%&’t‘ﬁdaﬂ°f‘?s§ “8&3 fﬁf?gliuﬁ?@s%%ﬁeﬁ r types
a parti cul aridegiled rlteHph Q8@IEIBES phesicdl layRP Rle8RORICHEAL., alsb@orsdndRe cidlerie 1S an
integer from 1 to 112, and the sector. identifier value is an integer fromoO

to 5. Nei ghb8eptHirc&ng Behisipnad sndy addifiqmalinfarayation mexibedesjrabls WhereRmaect or

identifier sgotddsihg bOSpLERE RhSISRHOND BEMSS HHBRCRItDIEds i &sBile. | N One
enbodi ment, all the sectors in a cell use the sane slope value but different

sector identifiers, and neighboring, e.g., physically adjacent,.cells use
di-fferent sl ope [ppaBHeReferring now to Fig. 4, Fig. 4 illustrates an exemplary Connection

IDentifier (CID) 400 implemented according to this invention. CID 400 includes a
Slope 410, which is a cell Identifier, a Sector 420 which is a Sector Identifier and a

Carrier 430, which is a carrier frequency identifier also known’ as tone block identifier.

[0044] In an exemplary communication system using OFDM technolog}-', in the
physical layer, the spectrumis divided into a number of tones and reused in cells and
. sectors in neighboring geographical areas. In order to improve the interference
characteristics, the tones used in each cell/sector hop over time, and different cells and
sectors in neighboring geographical areas use different hopping sequences, which
specify how the tones shall hop. The hopping sequences are generated using a -
predetermined function controlled with two input variables, namely, the cell identifier,

e.g., slope value, and a sector identifier. The sector identifier may be implemented as a
12



[ 0045] Furthernore, the exenplary OFDM communi cation system in sone

enbodi nents, uses nultiple catriers or tone blocks, so that the avail able
tones are grouped into nmultiple tone blocks. Tones in a tone block are

pr ef er abl wooetazspsepus. | n one exenpl ary system hoppi RCIBES200080489d0es i n a
given tone block is limted to that tone block. That is, the hopping
sequences are such that the tones can hop within the tone bl ock but cannot
hop.across nultiple tone bl ocks. Tone bl ocks are indexed with a carrier
identifier. in one enbodinent, the carrier identifier is an integer 0, 1, or
2. [ 0046] When an' end node sets-up a connection to get wrel ess

net wor ki ng r C ss node e.g."
a base stat ?g‘{ﬁgﬂl tﬁﬁgldewﬁ?r%el% ca?& ‘Hﬁ h ﬁaﬁ@oﬁﬁg ?ﬁ ogrsiﬁnlkgpeg?% i t h
respect to pasicnigk eedtmmnﬂpmm&s toThhrcnfecmﬂ;odmeﬂt,hhe slope galad eyl mtegel@cﬁh/l

comruni cat i te on,of. sl ope ect ntifier apd carrier
i dentifier g ?ﬁ% W%S%é e§§§ V‘W&ﬂé’ﬁfg%ﬁm Qé"r t fﬂ?(’d-'éﬁt "¢ H? %‘édat he
connecti on %errtoxtshuee diffepdne paird Gﬂsﬂngeaind sddiér 16&[&11@@6 tlﬁfltheSgehEtuﬁed&zopptheCt I-on

identifier based on o re cal |dent|f| I n one

ermodi ot Seereas e fiFieSint 08 opie Prbatiien &l Hrapb ot el A oot Sog6 same
base stati ORaR@lbuf Stk sétbrtifiéhtiFRfL an Pt osiak; e % hesRicenpaeetimenseddmal |y
will share th sagf cong@ctlon identifier since t ey are connected to the
sane physi cA¥fer 0 frment point as defnmed by the conbination of cel
sector and tone block.. The conbination of the connectin identifier and a
wirel ess term nal |dent|f|er can be used to indicate a connunlcatlon

connection wi t h[0443h dugthergorg, the preaaplary QRINM| communigabign Fystem. ifendical , t he

Qnhect i on icgatiirhdrs, ubss rAull %Jl%@fne@i orBoROPIBLIRALG @t B DR Rnédtat | ocal Iy
uni quely identifies a connection. In vari ous enbodi ments, the number or

nunber s ar e SEHRSA dnte multele tenedrlonke cFones jce foae Riask aresprefesabiy sentiguousnibvdi ment |
€.g., an eX%ﬁB'eﬁérM;gl@@%%ﬂeﬂ@H& dihg 8 thPMACE BITRES B MbckYis litifled tdBaf@ROECt | ON
identifier can be thé conbinati on of a pseudo noise (PN) sequence offset and
anot her par &RokeThatds, ghe hopping sequancesgian spdh thet the tangs eqnphap widhipitea tonar e used.
[0048] Fig. bhoddduttsididt fiSp &R HAIRLR Wnd WSIA0PorRlocils hrARARAARRE Yrkilr ( N
present i nvention, which uses the nnection Identifier of Fig. 4: Exenplary
mes' sage 500densifigr.|ln qre prpediments theqarngridantifincis gadafeger @ b @rdst i nat i on/ sour ce
address, The CI D destination/source address is an optional field in link

| ayer nmessages in accordance with sone enbodi nents of the present invention.
Li nk |ayer messH$d6500Vhercarueiaisnoge s¢takp apeneciomta git Witeldy nqtysekingel d 510

i denti fyi ng 4 \/ %%xr&@éjs\r t »200. CD
520 is a Con%%gﬁe%otﬁge%tyﬁwﬁe rorm o?éggglaagoérs\%%g% %% ,Ii‘ﬁajggéﬁé‘ﬂ% . I'n one
embodi ment @fellltsmtgr, nd thetcoprectipe isClefingd with repecttd ersingld toge éloébs'fhend’meo n

physi cal att; y&‘b n ein
accordance WIR'[ he |n\§@nt on aﬁﬁ% ag%t?)gsﬁ%grgo%rg%gﬁﬁ ySi ca5|q aftac ment
when sent f ridentidier a@ctmemé@télﬁeocanbe ened ana deeallyi vaiguok ahﬁer thptidentifies
pvention. the conndOd fthﬁ wifelds 'télﬁ%fi Uh% %&g&mhé{ms CQERMRLiER I deRRRerTEt hod
arid correspondi ng signaling per orned I n accordance wth various exenplary
enbodi ment s besed ¢reonernranere physitah laveyidentifints-nbremesaodimeninnuiipleswirkless access
node 620 vi AT t nd node
530 and accasanas el A0l 1 e BoRS fath dflect bbby e aE g

addr ess of tbi@cka@be@scm@rémamomaﬁe vgll ghare ﬂmﬁaﬁ@ dopheptiop adesdifiensip¢rathexont ext
of exenpl ar ymé¥§kﬁ1%%&@(pﬂklsgﬂ§%ﬁ%sﬁ&@ldg@r ﬂtaghmén RS eIy t@é@oﬁﬂfﬁa@@x@ are
simlar to access nodes 140 system 100 in Fig -1 and they
are i npl emermiegllsceior andigne blocke H@G@Q@lfﬁi@% OQG@ copngeiiy identifigeardal Node 630
is simlar t0,904d t&‘?xﬂﬁal];é‘}n éil:ﬂfém t;eéﬂ;ed to]iﬁﬁxcatgjaﬂcgbgaéﬁ%gc&%ﬁ coﬁﬁec%ﬁﬁhﬁmaloo in

Fig 1, and it 1s i enment ed according .to en O1n Fig
particular w1reless terminal.

[0047] In general, the connection identifier is a number or a combination of
numbers that locally uniquely identifies a connection. In various embodiments, the
number or numbers are physical layer characteristic parameters. In another embodiment,

¢.g., an exemplary embodiment of a CDMA communication sjfstem, the connection
13



[0050] In Fig 6, end node 630 nmaintains a bidirectional link with access
node 610, which neans that it can send nessages to and receive nessage from
access node 610. End node 630 in Fig 6, although inside the transni ssion
range of e 620, does not have an uplink with e 620. This
means that (ﬁ%gﬁgﬂd node 630 can receive and process B?@@ﬁ%@@@&? ¥ or mat i on
sent by access node 620 (e.g., broadcast nessages 640), end node 630 can not
send nessages to access node 620 over the air and access node 620 can not
recei ve and process nessages sent to it by end node 630 over the air
interface. In one enbodiment of this invention this may be because end node
630 14 and access node 620 do not have sufficient timng synchronization.
Due to cert aidentifiarichabe d:ces;oxrfbi@.tlpn of a"pk@do hatsd (PN esegapideidffstyandendthepde 630

may not be st apl i sh nection with access node 620 while
end node 63 c%fl%tgﬁfélgy ’E%mgrgdlg eéé{'?lliﬁlgp ° @IS WAwi t h access node 610.
I n one enbodi nent, the uplinks used by access node 610 and access node 620

are in differen . 0., the fr enc band of th k used by
access node 610&?(£4%51|f ‘&r%Hf“SngSWW@W bﬁﬁd‘n@"? ﬁ%n‘f?ﬁ’t"fr‘}h‘ibeused by
access node fiaént ifvestich, Mih m@tmmnﬁéutmngeaﬂmf 8f il 4 Bxehlatg|mdsEhg@ne band
at a given t f%ﬁflexagrp §‘§"C§’d e g“éd node 630 only has, one radio
frequency ( 8 Al €548 elp raa@}%ﬁgstmpms%qﬁiggpés 65be €HAnot

si nul t aneousdestin@iohduttetadBredPisiaf opGoHHN Geld i MRk 14t WRsSEBAMBSoriARAWAALY
bands. I n anot her e dlne t where the uplinks used by access nodes 610 and

620 are in tiPRSHRRe H@W%sn&ﬁmwg Fnk lawer %@saaer@OéWB%@ﬂr%d
because t he Lmr %ﬁﬁsﬁ(mmeﬁzpafeldml) 1&érﬁi¢ﬂﬁg ﬂ&h&p@bﬂmss@ge Beapys@irRiudtine

di.fference in t del a e_Si to reach access nodes 610
ahd 620 fron‘l“t‘%’l Eﬁgggg@ (Lé&)s Oip aé‘i’&“‘i‘?&‘&é I@SG%&fﬁnﬁéﬁM@“jﬂﬁﬁn IHOQpl i nk
signal accorgfyigat th &ﬁ%rﬁﬁdﬁlﬂ&t%Yﬂﬁban&ktﬁtthé)@I@%H@Z@He&lﬁés%estﬁrﬁhon _
exanpl e, beﬁéyse end as a single digital processing chain limted

Lo one. 1ini rensKAbAHAChpeRt an,w SRISEH TN 2 BRAOXIE00 @8 FREFSS BPIA TP BEFREGATSE v

Mai ntai n t wowkp ke lkvaAneaH i @S ficydedd thySRANBGELAAS w8 sBRtfroiH bh hédegt | Y
timng synchroni zed with one another. [ 00511 End node 630 receives

br oadcast S|%IWQ%@BOW@HC%Q@WW%\WF{V@B“% access node 620. The

signal (s) 640, according to the enbodi ment of this invention, are sufficient
to determine the Connection ID, simlar to CID 400 of Fig 4, corresponding
to the specific [P cBie éﬂﬂ%@ﬁ%mewﬁwwwuez@mp%aﬂ apdansnits
broadcast si Qﬁfz‘élsp&ﬁﬁng SiBgal {g%ﬁbﬁn&iﬁné&&ﬂé&n%e A VRl &@nyingg%%%aﬂn&&d/ or

pi l ot signals which may be transmtted over one or nore s transm ssion
ti me periodsofthe m"[el)@@?]ln Ergi6 prasbieods 360 comnuwicates avitheapses§ @066 629 viaaeessss node
610. In an exsfEd1dWitful t he
Same a5, o HyoayI8AIRIERR MIERRS niltle MheL IR 350 fRTSRRaP 2

equi val ent t Witpyd t@mtbmoctﬁhgvag t@knays pa %ﬁg@fémcpgﬂssle@e 620.tHee connecti on

denti f t | de 620
that br oadcas i @ig el g e e R ox BhLBE Rk Y Mhe Bl R REY . 0o
néde 620 alt heughNiOldca 6l andt620gragindgstorrgdess 89dss 1|’4@t E4Q’ land 140’hefsystant node
630, in the Ry, gx%ggllmgr argﬂﬁﬁ?lexﬂgﬁteﬁﬁ%grcgfg PPk 3 @éé&e%%sf%@?dﬂlewo it

can not send ITESS& rect to sal eSS no
End Node 630 is similar to cnd node 144, 146, 144°, 146°, 144” and 146 of system 100

'in Fig 1, and it is implemented according to end node 200 in Fig 2.

[06050] ' In Fig 6, end node 630 maintains a bidirectional link with access node
610, which means that it can send messages to and receive message from access node
610. End node 630 in Fig 6, although inside the transmission raﬁge of access node 620,
does not have an uplink with access node 620. This means that while end node 630 can
receive and process broadcast information sent by access node 620 (e.g., broadcast
messages 640), end node 630 can not send messages to access node 620 over the air and
access node 620 can not receive - and process messages sent to it by end node 630 over
the air interface. In one embodiment of this invention this may be because end node 630

14



[ 0053] Access node 610 recei ves nessage 650 and exam nes the CO field,
corresponding to CI D 520 of Pigs, of nessage 650 and realizes, fromthe
stored CIDto link layer identification information that it does not

i dentify OW@20030799%5 own physical attachment points. | RCIHSAO0G088%e, access
node 610 searches its nmenory for said CID of nmessage 650 to find a mapping
to a correspondi ng higher |ayer identifier for access node 620 (e.g., an IP
addr ess). [ 0054] For exanple, a base station which includes multiple
sectors operating under a single link |ayer controller and/or nultiple
carriers used under a single link layer controller may have nultiple ClDs

correspondi nﬂldté%cé’ss hb&&éi@&@ﬁoﬂ lﬁ%@%ﬁﬁibr%ﬁt tﬁﬁfng%%@rﬁ‘ 980 TRe 38 Bitalh | 1 Nk

| ayer controller. nbodi nents where separat e ayer controllers are
used for eachmgtéfeqnsre am&imﬁed@aﬁdrwamcapmlhwﬁﬁﬂodqGﬂﬂma)ywt Hedblettpfeptablishmay be

used o1 eackh b hfindlibh B ooRRbAE (AL RAIISD culBy SRR senbodi ment s

there is a one to one mappi ng between phy S|ca attac ment nts and |ink
| ayers but t bidigedtipnalotonnedtisnswitlyacsass noe 6 0. riaynbembe@meat tlmmémkaused by

attachnent poj d

physical | aygcrceésdleﬁg %; ?é?(ggcrrggsrg r%%épo H%%fgér?%& @lﬁ% %& mﬁgfrﬁgﬁlﬁ&y Q?ﬁ?

i dentifier buftheapllmlpllmpdlb@ralccdsaylede 6 ldantlifferet fioonthedtdgoendycend of thenphink mal | y
maps to , at t, asin k | aye ink i.dentifier 5%) um ng
e epptng ¢ oAy gdeS PR £20, 1t RUF b bibonl Elkerdek Shusme sy WL
at | east paragnvbn msﬁgexﬁﬁﬁlel bdcause end hode 630 anlg hanerssiade iﬁeﬁﬁlemdyl(ﬁml ncl udes
a destinati on gress set t

ent i access node 6 transmits
e o3 oR Cont HehSan U b S B8 Rl oY B b b0
kso i ncl udesplaik ndedtiode BB sleflﬁ:ﬁtelﬁdq&éncy&)anﬂls il eidithéri etibddirheéry th&[lﬁéldl ng
on the enbodi e of an 0 0 | P addres end .node Net wor k
Access | dent Fﬁer&?hf‘?ﬁ%%acgﬁ%f% ?’“ﬁ@glaﬁee‘ﬁtt ??aé'?egéﬁ?(gcg?st 86185 &% ecei ves
said massagen%ﬁﬁ ggnérdsmhfoama mdamcs:e tlearmf lpﬁdés?hﬁﬂespﬂé hoaimermd a@mz%lerf rgm
it. Access npde nspects f 1D fie extracted. enca su ate
it o s SBiBunat i eEEs i e MRt an el B TroS1 el Rt e B RST 1 t s
%\p ﬁh-ySI f:aljsm ﬁxﬂmmmdl A tioerd fode [680.96 ind iR B3 0rvan gerfoble @ dfie tfBkagmab 70

ich includes at. |east

art of nmessa 50 recel ve ca ated in nessage
660° by nccosSornitis B B sHREo R 6 b Ao ARG Ho a0
identifier shédd6s0 Had alshglOfigithlizbitdba: mlm&a@_&; & kimik@ scheme at a nme,

then end node 630 cannot simultaneously maintain two uplink connections, when the

connections are not sufficiently timing synchronized with one another.

[0051] End node 630 receives broa_tdcast signal(s) 640 which are transmitted by

access node 620. The signal(s) 640, according to the embodiment of this invention, are

sufficient to determine the Connection ID, similar to CID 400 of Fig 4, corresponding to
the specific physical attachment of access node 620 that transmits broadcast signal 640.
The signals or'signals 640 may include beacon and/or pilot signals which may be

transmitted over one or more symbol transmission time periods.

[0052] End node 630 transmits a message 650 to access node 610. In an
exemplary embodiment of this invention, said message 650 is the same as, or similar to,
exemplary message 500 of Fig 5. The CID field, equivalent to CID 520 of Fig 5, of said
message 650 is set to the connection identifief that identifies the physicalhattachment
point of access node 620 that broadcasted signal 640. Said message 650 is thus destined
for access node 620 although it is sent to access node 610. Note that since end node 630,
in the Fig, 6 example, does not have an uplink with access node 620 it can not send

message 650 directly to said access node 620.
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WO 20071075955PCT/ US2006/ 048916 Access node 610 then receives nessage 670
and by exam ning the end node identifie'r included determ nes that the
nmessage 670 encapsul ates a nessage 680 destined to end node 630. Access node
610 then SEAAWTMESSage 680 which includes at |east par PCOUSEHEYsage 670.
According to this invention nessage 680 includes the CID of the physical
attachnment point of access node 620 that broadcasts signal 640. [ 00571
End node 630 receives nessage 680 from access node 610 but by exam ning the
CID field included in said nessage 680, e.g., by conparing it to stored CID
information, .it determ nes that nessage 680 is originated from access node
620 in response to nessage 650 sent to it earlier. [00581 Fig. 7
illustrates exeqﬁlary signaling:perfornmed in accordance with various

t

enbodi ments of t9853Ihy ésepsgmodall Eceives magagedI0 andsxpmineg theCHhBeldont ext  of

exenpl ary sy%&ﬁéepm@ ng 'td eﬁﬁ 69@ 6§Fi§r5 Efﬂxessage Esxﬂmm@ﬁ]ie%%ﬁ the ebﬁﬁldxb'tsd

depi ction of end nod an Fs the same as, simlar to, to

the end nodedinkdayer metlﬁc@mn mfmeatmnrhat lt dopg got léﬁntﬁymnf megwnmhﬁlgal 1

Access Nodes ,¢44Q an i

system 100 i rall?tFl g 195(715@ q%gu czlra;ga:sﬁpc%igrseﬁ‘?&ee??sslg %gﬁisclgséggmg\’%m %ﬂg‘gdﬁ%

In Fig 7, endnsserge 6390 find b miwping tore somespopding higheolayemidentifier for ageass a | | nk

sel ection no T, e generation nodule 720 of Fig. 7, can be

used by appl?@gfﬁéﬁggidﬁﬁFggﬁ%%gend node 710 to generate nessages for their

pur poses. For exanple a connection control protocol application maybe

i ncl uded and actjgggqyi N 7 ni cate
wi.t-h access nodefs“%(‘)] 'Fﬁgg’ﬁ%’%ﬁgsﬂe&g &Eﬂx%ﬂ{éhﬂ |°§eggl?1lﬁne]glt |S%&9rst°§7&8

rrégj fyi ng | i niederiretingle linle lenemotroféiCand ot rmneplepam@rsrused uaé&resmgh@liﬁslamo

750. Anot her éggﬂ C whi ch may be
included in e§ no%ﬁla%(%@e %ﬂﬂ&)g appﬁ?&gﬂ‘% d?nrg(t\%hggnnkal sgég‘?&fé‘gg modi fy QoS
char act eri st icogegpbnding twasingledinki layes coftraied hmmboﬁimcntswucrmpaatellm modul e
730 of Fig 7 h I Gl
including 1i n{l}%ﬁﬁtﬁ@ﬁ@% %%cﬁg%%gﬁg%élﬁ dhrgﬁglé? dlﬁ reRI hlﬁ?ﬂ?eer I&e%n?h%ﬁﬁ i nk
transm ssi on rmwbruseéﬁmeadnﬁmﬂse diffectat sctor amd/oxacagnersoin someasbameytsressage
basis or at b I i.6h.of t i1 abl in is the
most appr opr ?a g f% é;dét ﬁ ? S%&E\%%ESP%‘{’%}? attach{neg? ggﬂﬂ?s anﬁtfmﬁ lJiyerskb%lt

this is not necessary and there may be several physical attachment points operating

under a single link layer. Thus, multiple physical layer identifiers may correspond to
the same link layer link identifier but each physical layer identifier connection identifier

normally maps to , at most, a single link layer link identifier.

[0055] 'Assuming a mapping to a higher layer address is found, access node 610

encaﬁsulates at least part of message 650 into a network layer message 660 which

includes a destination address set to the identifier of access node 620 and transmits said,
message 660 to access node 620. According to this inverition message 660 also includes
an end node 630 identifier, said identifier being, depending on the embodiment, one of
an end node 630 IP address, end node 630 Network Access Identifier (NAI) and a
temporary identifier. Access node 620 receives said message 660 and extracts the
encapsulated part of message 650 from it. Access node 620 inspects the CID field of the
extracted encapsulated part of message 650 and recognizes that the CID field identifes

one of its own physical attachments points.

[0056] Access node 620 sends message 670 which includes at least part of
message 650 received encapsulated in message 660 by access node 620. Said message

670 also includes an end node 630 identifier similar to the one included in message 660.
16



WD 2007/ 075955PCT/ US2006/ 048916 [0059] The resulting link quality
information can, and in various enbodi nents is, used to determ ne which of
the plurality of sinultaneous |inks to which a nmessage should be transnmtted
at a partiwouoemorpssnt in tine. [0060] In Fig. 7, eR/BRdes/0348%36 nmi nt ai ns
bidirectional links with access nodes 740 and 750, which nmeans that it can
send nessages to and received nessage from access node 740 and 750. In this
enbodi ment of the invention the nessage generation nodule 720 of end node
710 generates nessage 759 with ultimate destinati on access node 740. MesSage
759 is first sent in link selection nodule 730 of end node 710. Link

sel ection e es 740
and 750 overuRideap 16 ER Eeel\aE o s 8B UEEEY Lttt ife bR AGRRIRAIY

det erm nat i onnchﬁdadcdetanmmas tltaaﬁmdncnsagq W0 embapsalates mistssags G80alestiedgo atd | east
one of |ink I t Ya o Li o) i i nk
transmi ssi on %ogvgék? Aﬁcgaﬂﬁr}'%dg %ﬂ[’ Hl%h Sg&ﬁ?ﬁ%@ﬁ%ﬁso “f}ﬂgh exél(a 51%/;% t|~thent of

t hi s i nvent inosssabe®70t AdcdrdlngltcgthlﬂmveﬂtmnlmeskageﬂSéanqlmstrdm'jGIIE of 8 pshgheait s the
link to access ,node 74 nd transpi ssage, 760 r it. Message 760

i ncl udes at a?tﬁ%pant‘e“g@?ﬂ’él?Bg?ﬁceﬁﬁ°ﬁ'§ggé8@%§g‘§ﬁtﬁ,Slgnﬁp f\é@r‘re embodi nent of the

i nvention, includes additional fields used for the transm ssion of a nessage
over the link bgt n 0 710. and acce ode 740. Fo l e, the
addi tional fiel @Q\ggfe,he[}%c’%ggo L0 6T MePess §§q ﬁﬂ’f? FrERTRYS ﬁ(%%g:@ Si nce the
ul timat e desdxhmalih@the@IDRES aGRudéd wri:&iméﬁﬁgé 68(3,@(@9,51@ Gl gg@t todRREB S node
740 recei ves_nessage. 760 rocesses the received nes e and re

by transm t tGIR %‘E‘g@ﬁ@% ‘96@6%“@&5’1 tgsrer Ay WE’%%‘&?}E‘? ggg‘ ‘?°§"§Sé’(9§$8£(g“‘oy end

n@ge 710 andeq;ahge/@rlﬁ&sagzasbaeﬁmsstaegﬂlegener ation nodul e as nessage 766.
MESsage generation nmodul e 720, generates a second nessage 769 with the
ultimate destination being the access node 740. Message 769 is sent to |ink

sel ecti on nodul gos8p ngmlmka&sstescetﬂ%mym@hal HeSierfihediResAdRcerbBh | S L0 be

transmtted. In thls enbodi nent. of nvent.ion éhe link to accesg node 750
i s sel ect ed BHA heERahwent of fhe ipyeption: Thegienaling sdludratislya theerntgit el age 770

i ncl udes at éx@ﬂf@larilwém oHo ﬂﬁ§§z&€@m7ﬁ§ ANEhdinddds qm@ls@mﬁghﬁedlﬂ@:&fontdfl S
i nvention includes additional fields used for the transnjssjion of the

message overetinede PRk obBigreand ibtdhessime ap1er simblarrgolo thegndnagden e 14bhe
addi tional fisbdseangs»imes 9F§‘ys?eﬁpp@b a1k S. hbdks Nba&si 719 dnli&ls0are mM@ar to
2007/ 075955PCT/’US2306/ 04891
access nodes 140, 140° and 140” of system 100 in Fig 1 and they are implemented using
access node 300 of Fig 3. In Fig 7, end node 710 includes a message generation module
720 and a link selection module 730. The message generation module 720 of Fig. 7, can
be used by applications running in end node 710 to generate messages for their
purposes. For example a connection control protocol application maybe included and

active in end node 710 allowing the end node 710 to communicate with access nodes for

the purpose of creating, disconnecting and/or modifying links between end node 710
and one or both of access nodes 740, 750. Another example is a quality of service (QoS)
application which may be included in end node 710. The QOS application when
present can modify QoS characteristics of the various links of end node 710. Link -
selection module 730 of Fig 7 measures various metrics for the quality of connections
including link 'latency, link channel conditions, link error rate, and link transmission
power requirements to determine, e.g., on a message by message basis or at a particular
point in time, which of the available links is the most appropriate for the‘transmission of

the next message.
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[0062] In one enbodi nent of this invention the |link selection nodule 730
adds an identifier,e.g., a physical attachnment point identifier, of access
node 740 together with at |east a part of nessage 769 in conprising nessage
770, becawsmobh@sdssnk sel ected by |ink sel ecti on nodul BCT7ER0pGMSTIRe

transm ssion of nmessage 770 does not correspond to the ultimte destination
of nmessage 770, which is access node 740. |In another enbodi nent of this
invention the link selection nodule adds the identifier of the ultimate
destination of nessage 760 and 770 before it transmts said nessages 760 and
770, independently fromwhich link is selected for their transmssion. In a

further enbodi Fﬁjebitsrgpf Fd ésdlﬁrg%ﬁﬁli QIIFPEIAAET of 25h, aA8 T Lé}mgﬁmw@m

identifier of ultimate destinati'on. For exanple In an exanple of the
exenpl ary enbosedritondeterming which of the pletelity dfisemultseousdinks o witich adeessageat i on

corresponds . s one exenpl ary enbodi nent of
this inventi%%?ﬁqniégg%ae?‘%@zlﬂgaﬁtﬁlﬁﬁ%%gﬁé&l&%cordi ng to nessage 500 of fig
5, where CID field 520 identifies access node 740. Access node 750, receives

770 and id. i ni.ng. t he..ul t.i d i nat i f
Tosage 770, o WUSBTCRTRe 4 endod A RaiRtin RiaiseslinbR 1 Pi Sk Peksb 81 o1 o
520 of nessay® d¥50f whichl nieansitteelt samnsaid nmidsthgdetceind reedvddiatssagpsage 770 i s

not intended for itself b r.so ot her de identified by the ulti mte
Host ] ot T on reisors 240 i 'ps0. O b T oimirts Qs ipt i o RgssAbe BUErBhe 350
| ooks up t hemptyisi7e@bf aid meiemR0igeiatos mieskapé 759 *ith uBibdte degtindi@dadcBssmessage

770 in its ad sol ution ble .(se ddr ess S tLon tabl 11 in
access node %‘g%%gg M%@sagﬁ 17% gglsfflfrzﬁit(fe’f‘tﬁé iﬁ@ﬁ%ﬂ@%ﬁ(ﬁ@% gg(?%% ed’% nO%P 72&39‘%’% s)
corres plondi ﬂ@ld‘cﬁ?ﬁ hﬁd&leDmrsale?@eﬁk link H&??egg_ﬁe idKs to acceshk Q_@M]Mﬁ@lﬁ@ﬂ&l)( nlode 750
encapsul ates at | east apart of nessage i.n_an.. ropr.i ate network |ayer
heador and. (Yo S ARG SaERa b As 0B BabURRUaED FSHE| udas at
| east: a parpased offHEE d@Ractdiksticaidhiing £ &skt GRGT link 14Beey, Fnladighasls of access
node 740.In ad itioq. he Nbss%gg %£5 may, ad in various enbodi nents does

i nchude soneSEAILANS: LiEk qrpps ratgy ang ik dransiRissIPRPQWET BUrgRetit cess node 750, the
HD of access node 740 included in nessage 770, the PID of access node 750
over which nessage 770 was received, end node 710 identifier, and _session

i dentifiers for [JHd]entodhs sreamplany emhodunent of Bs ipypRfiom drgictesrinhig Jaes

bet ween accefgk #8or bR RAGERESE RO t64Hcesda6@SMINRERrandRith REIakE 60
nmessage 775 which it r»eco&nl zes as a nessage intended for itself fromthe

dest i nati on PiSTithnMesenes 760 inpbudes gidessy some part of mggsegs 7hansh & @Wsodi ment  of

this inventi ghpbSGmeRSMRYIRY b, BRARBISIdNordal ABIAE Dbdd for the TRASARSIor 8Pa Wi Ch
i ncludes at | east part of message 7 Access node 75Q receives message 780,

75.
whi ch i ncl ud®gssageiovRs diee lpbstyeth sudinede 419 andargessiode 4@ Yasexegplnienode

710. Message,dfiodal 6t 8%, B sonRASEbdABhENtS) TinkERSAE €130 SiEthE QHfnatd O
recei ves nessage 785 and forwards nessage 786 to nessage generation nodul e

720. [ oodesfinatienpforsrsreccticar TeRis asress mpde 74{y aptssoRodsctidsscaitsde 740
[ gsponds by irk8A3yéd, oithesdod tRNIAN A riddagd IBTARdL ¢ BRckk G | east
ssage

part of nessage 775, 780" is transmtted over the direct Tink
bet ween acceB$ss3ge 65 pendpde A40-Mersage 195 is received by end node 710 and delivered

to the message generation module as message 766. Message generation module 720, '

generates a second message 769 with the ultimate destination being the access node
740. Message 769 is sent to link selection module 730 which sélects the link over which
message 769 is to be transmitted. In this embodiment of the invention the link to access
node 750 is selected and message 770 is transmitted to access node 750. Message 770
includes at least a part of message 769 and in some embodiments of this invention
includes additional fields used for the transmission of the message over the link between
end node 710 and 750. For exainple, the additional fields are, in some embodiments
link framing fields.
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[0067] Fig. 8 illustrates exenplary signaling performed in accordance with
exenpl ary enbodi nents of the invention where an end node is used as part of
a nei ghbor discovery and CID routing information update process. The

si gnal i ngwios00d7sssr at ed i n the context of an exenpl arBCKUROGHENEH as t he
system 100 illustrated in Fig. 1. End node 810 is a sinplified depiction of
end node 200 of Fig 2 and it is the sane as or simlar to to the end nodes
144, 146, 144', 146', 144", 146" .of system 100 in Fig 1. Access Nodes 840
and 850 are the sane as or simlar to access nodes 140, 140' and 140" of
system 100 in Fig 1 and they may be inplenented, e.g., using access nodes of

y 0 i nd they ma |
bi di 2ot onal  cleet e Setpdinol O Buenlof MR BT RARR B0aB %

messages t o,anddehtifiecepy e phpsisal gétadhnomt poiverlentiféateoBtOess node fHDBRPthen Fi g. 8,
end node 81Q_gener ! 2] C ssage
860 1 ncl udes” Shgah e Pref B mphARE bl fy SFRIANE g RS BERRS IR B el

dest i nat i on Wflirkasettctimssadele 730 dastbe trantmiSdth obneisugs 7 Hedsaget @6 spomd
attenpts to resol.ve theg access _node 8 identifier incl d in said nmessage
v & networ k Bt GeleGs SRR Ay et Tl na oL i eEln ppfo 1L e g

addr ess r esadmbddanerit abtigs Bivéntidn the tiak sclenida n3iiMlodddsithe dentiffertolicheFi g. 8
exanpl e -acce node 840 fails to ol v, ai.d i.dentifier., Access de, 840
Chen t r anam HaAESesran 3F peiate 68 b o hiig syl 8hin ppiRE B

i ndi cati on t178} indeptndeglyofrom wikisls Haleiswalectad forfthas trhhsnitdion. 1o adudttesol ut i on
failure. [006 [n one _enbodi nent of this .invention end de.810 at this
boi nt 6t abl FRIRer G 47 BRERBRameRgah DD onbor Phradcpet secatslintt so
bh‘“"/ xchangi I’%sﬁna@i@n. %%é%ﬁl@ﬁﬁ&ﬁ%ﬁ?ﬂ&ﬁ&%ﬁgﬁﬁﬂ%&m&ﬂmﬁy ooFighesiieages
shown as doubl e arrowed, nessa.ge 870 in Fig 8. However, is is not
necessary if‘dﬁntBJ}%HPf@Et“ihHH%tF%Fgﬁw‘% PRULRIPOMELR IR peeesi ’f“?f{ea'/é1 ess node 850. In
anot her exanple in which the invention is used ,end node 810 already has a

bidirectional link with access node 850 in dition.to the lipk.with access
node 840. [ 98] UBioRg ef‘ﬁ@‘@ﬂh%“%@ﬁ“&@%gg%1‘?’(86%0%5‘%5%53%87&h“’d node 810

transnits a jpgérdiigiebrdnt ol thémidePVOBE Sigay ¥ h8HICID fialacRsSdéntities 8k8ss
Message 875 includes at |east an identifier_ of access node 840 and the
net wor k | ayetodgddb<sesesy nodeciofsrefeies Bossagen’ g PRegrsses ie Bycxaniingfiie 850 is

suppl i ed W thiRalccddhatids B hids®ize 700,%.5., gafcaﬁ&%ﬁﬁxeﬁ%tad&tﬁ@ﬁin&he
correspondi na | ink | ayer address,..e. % ) address which the access node
850 can addre@3figdP20smessage SPP gtifig Or eseisinors A59 detsrpiart het mespage 179 ket wor k

! ayer. [ plent iﬁdt%tendeﬂ_f@ﬂ@seﬁ“ﬂi@%r%ﬁk o‘%lfe_r h@&éidlaﬁﬁ‘ﬁé@ﬂsﬂdﬂe ?uhﬁmﬁ@ aesisatiade _840
identifier is agphi;(/m cal attachnent ;c)lm nt identifiér; in another enbodi nent
her

of this inveldentifier(q.2+ 8 CIDIin the CHY Eeld). Fharicrpssmody A0 kneksp khe physical

identifier ofReRE%RoRRH B (DY HRMAH th SR04 BUE JddRiR FRONHGS fBld On
messages 897 comnmunicated to end node 810 during or after the establishnment

of the |ink $#Fe2fdsess geselutigadatdadll in access node 300 of fig 3) to find the network
‘" address (e.g., IP Address) corresponding to the PID included in message 770.

[0064] Access node 750 encapsulates at least a part of message 770 in an
appropriate network layer header and transmits message 775 to access node 740,
Message 775 includes at least: a part of message 770, and at 1ea§t some of the IP address
of access node 740.In addition the message 775 may ad in various embodiments does
include some or all of the following: the IP address of access node 750, the PID of
access node 740 included in message 770, the PID of access node 750 over which
message 770 was received, end node 710 identifier and session identifiers for the -
encapsulation (also called tunneling) of messages between access node 750 and access
node 740. Accéss Node 740 receives message 775 which it recognizes as a message

intended for itself from the destination PID included in message 775.
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[0071] In an alternative enbodi nent of this invention end node 810 sends
nmessage 875" instead of nessage 875. Message 875" has the sane or simlar
nessage content to nmessage 875 but is sent to access node 850 via access
node 840, W2m0aa®9sf access node 850 directly. Access REBESEAGV4EHEN rout es
nmessage 875' as nessage 875" to access node 850. Note that unlike nessage
860, nessage 875' is a network |ayer nessage including the access node 850
network address as its destination. The network address of access node 850
is known to end node 810 from conmuni cati on nessages 899 comuni cated di ni ng
or after the establishnment of the-link with access node 850. For this
reason, access @ﬁﬁg 8 5 using a
net wor k addr ess ' of c?@é@é%gﬁg&%ﬁﬁggﬁﬁﬂQSY§¥%3énggﬁ&§S?(ﬂgﬁxw g%g to
perform a CliBnstrittidg message é‘g(blwanlnncluqmmiaasﬂpart of mespQR7S5. Acesssodeord® 850

et vor k- adarSoduestheteBRCrebr R ATAS o AR HC Rt 280 3898 g daS oo
i ncl udes cormendotoidef10. ddcﬁsaéa’éﬂﬁxhdudataﬁﬂnaktﬂaagtﬁ‘rmasb:geém BadpodrgEIOf or access
node 850. In: anot her e maq.t of this ”%%,TI on, nmessage 880 |n§ 8des i nk
layer identiFrare PEsrs (g ardsgeiass Bﬁ‘?‘ﬁﬁ@efgﬁet fepwedilsdé0-g50. | n
anot her enbodi nent of this invention nessage 880 includes additional
nei ghbor i nfor i ed for the accompdati on of end handof f s
i ncl udi ng but mdq%rm%?’ {hﬁr P Rodiment Rt tis ZveRton 2R0A%S norséégépé??p?'éfgrhy fiers
f or packet r eglidsgGtting o bﬁ&nﬁ@ﬂl@@ﬂ&ﬁfgeﬂedeﬁxcﬁéﬁlg&m%am ﬁﬁﬁ@ﬁﬁgemge 850

f servjce, protocol s, and

capabilities w th spect taq alit

appl i cati onsMﬁ“EFﬁ%‘?)lrzg%dS "?{E?Eégéﬁj é‘yﬁ‘gﬁ{?‘:} %@%?QFE‘EEWE%?Q}E"IS%O grdiend tadss

i Rf.,or mation jrcl uded in nessage 880 in its menory e.g., for-future use in
CE) to network address resolution operations. Access node 840 responds with
message 882 acknow edgi ng t-he reception of said information included in
message 880. [ 0QOGH7] | NFiIeilRERAgE SRMplAY sidahSng FHaRlkAin AGoREScENIR 840

i ncludes in nessage 882 sone of connection i'dentifier to network | ayer

addr ess mappPiTEPIers FoRedigwstspidee wxention wiere gy erd nedsrdt prades partot Aet wor k
llayer addr esge;pRuRPURESvctPin PCAS fsutid GffoBRMionPUEIR PREces ) TRk FRhbh: sed for

t he accommdatfa%ﬁ of endpnode hando ?Lgf i ncl H%H %g(fjt ﬂot Iql%gr?l?‘ggdﬂto t unnel
address and HiupiFrisd ndbe csext 9Ean Fﬁl@?lsrwsaste@eﬁ@k@sﬂleayst@@tlioahlhwérﬁw@@h access
nodes 840 ang 85%&%@&0miéafnisﬁhe@aeﬂlawnq&*eh@ao&@mbbmyz%d%a&cess node

840 with respect to quality of Service, IB‘B‘g r ot ocol s, and applications
suppor t ed. Wm@mlas%tqté@em%@deﬁé%dg‘é %rk‘éﬁ”lﬁﬁm‘tmﬂp@m

i ncluded in ppSsage s§§f&dla§84dz§1d@§?¥é’th R ifi@r IHES nd8Es 140, [RHL1 NY
messages. In this p%rtl cul ar enb 1 nte 0 81’? nvelﬁtol c():n trlllesSages 883 and
884 are not k0" OfSYSEm?Q? iry Figdr%ldﬁb?}’ I@ﬁ’bb‘énlmﬁﬁme@f&d,t% sugipg/aoessandesCeess
node 840 message WiRARGldRT: ! 16 8 iRhat he

i nformation 1 ncl %%3 'ihn r‘gr:essa1 880 @?%ﬁgﬁ?@ enﬁ.f“?rgﬁg ?&Qﬂ&l L|ér~1!3\?g’ntll on
access node €yomynicelims lipksydtipecesoing4diallayingtit focsand messagenio, awhivexd¥s on
|;dent| fier t&eggggmg}ﬁgc@%gho@gg;@ss mappi ngs for access node 850, |ink |ayer
i d&nfifiers to network | ayer address mappings for access node 850, nei ghbor
i nformation used for the acconmmopdati on of end node handoffs, including but

not limted to tryyygl ﬂxcﬁ&e@%néﬂgdé B'fmgéneﬁa‘?e%%ﬁ@rahgﬁfﬁé hmfeés‘%gésé@tro Ragket -

redi recti on between access nodes access nod capabllltles

wi th respect nedg &f@aMesgag@\Bﬁ%ewmd@éan4d@a@ﬁ¢rghétp¢@¢@@@a%ceswe§§9|afs &8t i ons

support ed.. Ag&@RstidiAsiSaRRe s8R AESS HsééMﬁregéses@a&sﬁeog&ﬁanm@mp{s% mat i on
included in nessage 883 in iIts nenory c%@ fut ure use. Access node 850

responds wi t Fespkve cE8 08T %W)WP@'&H%@ Aecluded i é%lé prdseagedp aggivprk addressaby on.
searching its address resolution table, e.g., address resolution table 311 of access node

300-of Fig 3. In the Fig. 8 example access node 840 fails to resolve said identifier.
Access node 840 then transmits message 865 to end node810. Message 865 includes an

indication that routing of 2 message was not possible due to a resolution failure.

[0069] In one embodiment of this invention end node 810 at this point

establishes a bidirectional communications link with access node 850 by exchanging a
20



WD 2007/ 075955PCT/ U52006/ 048916 [0075] Foll owi ng the exchanges of

nei ghboring information and identifier to address mappi ngs between access
node 840 and 850 via nmessage 880, 882 and optionally 883 and 884, end node
810 sendsWeEMEHYES890 t o access node 840. Like messageP@EBS20p904EHE

enbodi ment of the invention nessage 890 is also the sane as or simlar to
nmessage 500 of Fig 5. Message 890 identifies as its ultimate destination
access node .850. Access node 840, receives nessage 890, searches its nenory
for a mappi ng between the access node 850 identifier and a network address
for said node 850 and finds said network address in its address resol.ution

t abl e whi ch m@t}ﬁﬁfr}léﬁ%gmxﬁé%ugk RGBSR 370GA £558.9640e 34 Qs is

encapsul ates nmessage 890 according to information in the resolution table
and sends i thotBeepsersy if aljdiseationalilinkiairead oexists vithpseess Bogod30. kranadhernode 850

responds wi th,ABRSRGeiSDthe 3thbod! & 38 iRl ALHBE | PAlrdaBly hha BHESThal FHO! UL i ON
tabl e and nessage 891. Access node 840 sends ''Message 893 to end node 810

i ncl udi ng atwitlke agiesgande 850 imadditigretogbe linke with\peekss nota &cess node 850

conpl eting the comruni cati on exchange. between end node 810 and access node
850 via access node 840. [0076] In the above described manner, through

t he. use of. ness§NF8] f rUsing the lmbdeiti8a@essamde 850, thel el 811s &Adrags0itag ser ovi ded
W th addr esSne%-ﬁ/o?Poﬁﬁ&tl‘oﬂiﬁ%&%%??toa&gg%& noae gs&tlYfléJsa%J?fs iﬁ@iﬁd&eatge%%dad n
routing subsequently recerve ssages. Accordingly, @as access nodes "are
added t o t heidemtifiepof aceesdinatie @48 andthesetwarktilayed ddressenf actrst noger #elndleisf r om

br oadcast si gnal d_not.i C f _new.nejghb rt.of the
ot 11 cat o Bedie Lo Ry SFo RESERTREr Po o il B IIE, o BeElbes
facilitate ntovodle dfeypddsmdinkdayedraddmss, mps 34 Esaddidase whidhahamadcess et on

process "has en c | et ed. 0771 1 h vagi,ous odi t s, nodes
descri bed he%g)l - 3gpqs?1%rfdgsrtt%rﬁlf%ra& 815? ﬁc]éo%lﬁ%n 8€ p%}Ggangaﬁ g’?&’o&k 6@? Formthe
st eps cor r esidemifigrgintahe @hrbodimeamp v Ethiseinhedion tief adchss rode 8édidentifienisaon, for

exanpl e, signal. essi . sage generation and/ or .Lransm ssi.on St eps.
Thus, i sonbuaiBbRrEaRes Roat o BRPu T s st b AT AR P 4 rRE
i npl enent ed lagérmidentifttul Hee. nebuark layedideedficrof abeess npdectdnis kdows tonendsekitwar e,

har dwar e or conbi nati on af softwar nd har.d ny .o he above
Hosar e O R ERER P imiReeon BRRRL o ABmmAticHRN o A RbaR 10 MR QY Ser
execut abl e | thstestdblishatent obtlie inlA svithaktssanede $40cl uded i n a nachi ne readabl e

medi um such as a nenory device, e.g., RAM floppy disk, etc. to control a
machi ne, e.g., general purpose 23 .

[0071] In an alternative embodiment of this invention end node 810 sends

message 875’ instead of message 875. Message 875° has the same 61' similar message
content to message 875 but is sent to access node 850 via access node 840, instead of
access node 850 directly. Access node 840 then routes message 875' as message 875" to

access node 850. Note that unlike message 860, message 875’ is a network layer

message including the access node 850 network address as its destination. The network
address of access node 850 is known to end node 810 from communication messages
899 communicated during or after the establishment of the link with access node 850.
For this reason, access node 840 can route message 875" to access node 850 using a
network address of access node 850 e.g., IP address, without having to perform a CID to

address resolution operation.

[0072] Access node 850 receives message 875 and sends new neighbor creation
message 880 to the network address of access node 840, retrieved from message 875.
Message 880 includes connection identifier to network layer address mappings for
access node 850. In another embodiment of this invention, message 880 includes link

layer identifiers to network layer address mappings for access node 850. In another
21



conputer with or without additional hardware, to inplenent all or portions
of the above descri bed nethods, e.g., in one or nore nodes: Accordingly,
anong ot her things, the present invention is directed to a machi ne-readabl e
medi um i NOYQ@I0W@758%chi ne execut abl e instructions for c&GIUYPEO04¥Ehi ne,

e.g., processor and associated hardware, to performone or nore of the steps
of the above-descri bed nethod(s). [ 0078] Nunerous additional variations
on the nmethods and apparatus of the present invention described above will
be apparent to those skilled in the art in view of the above description of
the invention. Such variations are'to be considered within the scope of the

i nvention. T&ﬁbamhﬁﬁﬂéftﬁﬁqn@e%aﬁﬂ;e %sé Ih%: %@é&ﬁfx x#an\ﬁﬁ m&@n@% and in
O I VI SI ONn

vari ous enbodi nents are, used ona enc

mul ti pl exi ngufeddpnpbe momaﬁdas@g @pwbnocte}méwﬁ, mpimbctatqt bmsted@achmnciues
whi ch may beg&lﬁi‘@s@ athg réégﬁoﬁ"ic{eﬁ ng%rglf& Bl tﬁcﬁ{ecﬁ&?bétwa@a&gés%%s ess

nodes and no N sone emnnc e access nodes are 1 nplenented
as base stat m&’D'Q/,\mms erieatfiOi cgpabilaties itiniessect Walltyﬂ@ewmehlqaﬂmgl e nodes

usi ng OFDM a nt e ar

i npl enent ed stoncc? 2 ooﬁppé%lat\{ﬁ{ §1§ °r%§tr)§%ér?5 (1c1<§1t814|a ce“és ﬁfsga%%ggm&“&esot her
portabl e devmfex:matmnlmniudagl in@xasage 1880 rrm@mambgre g, fcﬂ‘lfhtuSe wsedn IGIDIte and/ or
routines, for d %B%je‘;@nt ] nsg)ﬂth met hods ,of th edé)gﬁg ‘?‘f{] @1 MS A
et hod of opBFSPPHEEC R iie PR ALbesh Aal BT R i shiPhes

recei ving a sclgosiledgigntha rédeptién afsaielSafonnditon ded irineatgan@B hat routi ng

I nformation is unavailable to said first access node (840) for routing a

fiest nmessage using a destination identifier included in said first
essages; and  [0073]r ans6hd émﬂgllxﬁeﬁt@fghbmeﬂ@dﬂ ddcestrodn 840imhgleciind access

node 850) corres in sai d. dest i i dentifi sai d .nei ghbor
ot oot on ek din s bR e e i genedRt bt Dok v et RarmiBes B o o
first accessateeendd@BID, link layer identifiers to network layer address mappings for access

node 850, neighbor information used for the accommodation of end node handoffs,

including but not limited to tunnel address and tunnel session identifiers for packet
“redirection between access nodes 840 and 850, and or information indicating
capabilities of access node 840 with respect to quality of service, loading, protocols, and
applications supported. Access node 840 receives message 880 and stores information
included in message 880 in its memory, or e.g., for future use in rouﬁng messages. In

this particular embodiment of the invention inessages 883 and 884 are not used.

- [0074] In another embodiment of this invention access node 840 message 882

includes an acknowledgement of the reception of the information included in message
880. In this embodiment of the invention access node 840 sends message 883 including
at least some of connection identifier to network layer address mappings for access node
850, link layer identifiers to network layer address mappings for access node 850,
neighbor information used for the accommodation of end node handoffs, including but
not limited to tunnel address and tunnel session identifiers for packet redirection
between access nodes 840 and 850, access node 840 capabilities with respect to quality
of service, loading, protocols, and applications supported. Access node 85_0 receives
message 883 and stores the information included in message 883 in its memory, e.g., for
future use. Access node 850 responds with message 884 acknowledging the reception

of said information.
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2. The nethod of claim11, further conprising: prior to receiving said
signal fromthe first access node (840), transmtting said first message to
the first Access node (840) over a wireless comrunications |link. 3. The

met hod of W 20Ti078955f ur t her conpri si ng: after recePGIHPUAMPIS gnal and
prior to transmtting said neighbor notification nessage, establishing said
W reless communi cations |link with said second access node (850). 4. The

nmet hod of claim 3, further conprising: after transmtting said

nei ghbor notification nessage, transmitting a second nessage to said first
access node (840), the second nessage including said destination identifier.

5. The net hod 0;00@/5']&' R dhowing Fh@%&ctﬁﬂg&'df%{gﬂboﬁ%ﬁffé/ﬁﬁ%oﬁ ah@SRAARE tho said

second rressage rom sai d second access node gso

address mappings between access node 840 and via message 880, 882 and

' optlonally 883 -and 884, end node 810 sends message 890 to access node 840. Like
message 860, in one embodiment of the invention message 890 is also the same as or
similar to message 500 of Fig 5. Message 890 identifies aé its ultimate destination
access node.850. Access node 840, receives message 890, searches its memory for a
mapping between the access node 850 identifier and a network address for said node
850 and finds said network address in its address resolution table which was earlier

populated by message 880. Access node 840 encapsulates message 890 according to

information in the resolution table and sends it to access node 850 in the form of
message 891. Aoc-ess node 850 responds with message 892 again using information in
its address resolution table and message 891. Access node 840 sends message 893 to
end node 810 including at least part of message 892 recéived from access node 850
completing the commmunication exchange between end node 810 and access node 850

via access node 844Q.

[0076] In the above described manner, through the use of r;lessages from end
node 810, access nodes é40 and 850 are provided with address and/or PID information
about each other that can be used in routing suBsequehtly received messages.
Accordingly, as access nodes are added to the network, end nodes can serve to discover
their presence from broadcast signals and notify access nodes of new neighbors. As part

%/ of the notification process sufficient address information is distributed to facilitate
network PID based routing of messages after the notification process has been

completed.

[0077] Invarious embodimenfs nodes described herein are implemented using
one or more modules to perform the steps corresponding to one or more methods of the
present invention, for example, signal processing, message generation and/or
transmission steps. Thus, in some embodiments various features of the present
invention are implemented using modules. Such modules may be implemented using
software, hardware or a combination of software and hardware. Many of the above
desctibed methods or method steps can be implemented using machine executable
instructions, such ais software, included in a machine readable medium such as a
memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose
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6. The nmethod of claim2, wherein said destination identifier is a physical
attachnment point identifier that identifies a physical attachnent point at
sai d second access node (850). 7. The nethod of claim6, wherein said

i dentifi ca027/0718956r mati on corresponding to the first BETESHWOGHHERO6( 840)

i ncludes at |east one of: i) a physical attachment point identi fier
corresponding to the first access node (840), ii) a link layer attachnent
point identifier corresponding to the first access node (840); and iii) a
network | ayer | P address corresponding to the first access node (840). 8.
The met hod of claim?7, mherein transm tting said neighbor notification

message inc l gxgp%tér rvﬁ S}B{ﬁg ?&:ﬁhgnaé ﬁérgu'g% t%@?d%&l&ﬂta'(q% gﬁ?o%@ 9P the &B L9 h

said first accCess no sai d 'seco erern sai nel ghbor
notificati ondamslmlgmthwttsl eidem: ae dranwe nodws Aﬁcarghnglyi, amlong ather tlnmgsamlarrent

poi nt 1 dent | Lk GRERERALAILAZ 10, 28l SReRt. AESRASIRIE. (Bl nd 1) @

network | ayer ess corfrespon SECony acce (850) 9.
The et hod oéxeclhtablamﬁxruv&msé’omamng apimchlmad: gapltoaedsmemtd Peovdidted Bardwatel el ess

1 LR RO ot o BB e MR, 2L PO
carrier identifier and a sector identifier. -
. [0075] Numerous additional variations on the methods and apparatus of the
present invention described above will be apparent to those skilled in the art in view of
P the above description of the invention. Such variations are to be considered within the
S scope of the invention. The methods and apparatus of the present invention may be, and
in various embodiments are, used with CDMA, orthogonal frequency division
multiplexing (OFDM), or various other types of communications tec‘hrﬁques which may
be used to provide wireless communications links between access nodes and mobile
nodes. In some embodiments the access nodes are implemented as base stations which
establish communications links v;'ith mobile nodes using OFDM and/or CDMA. In
various embodiments the mobile nodes are implemented as notebook computers,
personal data assistants (PDAs), or other portable devices inclﬁding receiver/transmitter
.circuits and logic and/or routines, for implementing the methods of the present

invention.
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11. The nmethod of claim2, wherein said destination identifier is a link

| ayer identifier that identifies a link |layer attachnent point at said
second access node (850). 12. The nmethod of claim 11, wherein said
identification information corresponding to the first access node (840)
includes at |east one of: i) a physical attachnment point identifier
corresponding to the first access node (840), ii) a link layer attachnent
point identifier corresponding to the first access node (840); and iii) a
network |ayer |P address correspondidigafagst he first access node (840). 13.
The met hod of claim 12, wherein transmtting said nei ghbor notification
nmessage i ncludes transmtting said neighbor notification nessage through

said first access node.(840) to said seco 850) ;. and wherein said

el ghbor ot | PRRERGACHUEEE ST TaAS IR (b D] cof PRk | ayer
attachnment poi Rlceiveln difda@rof0f fi8ERRBIINDE GSQOFF%HQat%%@E‘@o@&%eSS node (850)
and ii) network layer |IP address corresponding to the second access node

(850). ldnfomnatione$ eswailablaorsaid fapipaeess neded8hrosiongng a first messaga usifigr
receiving a signal.froma first access node (840) indicating that routing
ot or mat PR e TR T e b5 o PRE PR 0B 8 oue(840) Tor routing a
fi (r]I st message ushdnditthgdaRidnbBat hAiTich@l@Nbafsb@ndiabedssf@it (8H0)REEspondia nMessage;
an

to said destination identifier, said neighbor notification including identification

information corresponding to said first access node (840).

2. The method of claim 1, further comprising:
prior to receiving said signal from the first access node (840), transmitting said

first message to the first Access node (840) over a wireless communications link.

3. The method of claim 2, further comprising:
after receiving said signal and prior to transmitting said neighbor notification
message, establishing said wireless communications link with said second access node

(850).

4. The method of claim 3, further comprising:
after transmitting said neighbor notification message, transmitting a second
message to said first access node (840), the second message including said destination

identifier.

5. The method of claim 4, further comprising:

receiving a response to said second message from said second access node (850).
6. The method of claim 2, wherein said destination identifier is a physical

attachment point identifier that identifies a physical attachment point at said second

access node (850).
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means for transmtting a neighbor notification to a second access node (850)
corresponding to said destination identifier, said neighbor notification

i ncluding identification information corresponding to said first access node
(840). 15. The apparatus of claim 14, wherein the neans for transmtting
are further configured to, prior to receiving said signal fromthe first
access node (840), transmt said first nmessage to the first access node
(840) over a wireless comuni cations |link. 16, The apparatus of claim 15,

further conpri %gé‘&eiﬁ‘é%?clfa@g 6,?21&%%1!1g@?gc?&tlﬁ@dtﬂn%ﬂbﬁhﬁ%g c%ﬂgﬂ%ﬂﬂﬁgttd ons link

wi th said second access no recel ving sal d prior to
transm tt ilredirstaccesneodpn(8é0) indtiddsiac Rhst@ne nﬁs‘.)s;agtqsica]la%tacﬂihmt@ppmr atus of claim

16, wher e, e nmeans for tra smttln furt confi ed ta, after
transni tti“ﬂ’@“ gicqrraweyfins o et agsess dade ﬁgﬁs@a}&@ ik 2R e hea g message
to said fhcfeﬁﬁﬁélv“c%ﬁ%@oﬂ&’i@lgtc( B4 Gkst ab2Ss %Q%)”ﬁ@%ﬁﬂ@n&%h@ﬂ&&%%édh‘éss

destination identifier.
corresponding to the first access node (840).

8. The method of claim 7, wherein transmitting said neighbor notification message
includes transmitting said neighbor notification messages through said first access node
(840) to said second (850); and

wherein said neighbor notification message includes at least one of i) a link layer
attachment point identifier corresponding to said second access node (850) and ii) a

network layer IP address corresponding to the second access node (850).

9. The method of claim 6, wherein said physical attachment point is a wireless link

attachment point.

10.  The method of claim 9, where in said physical attachment point identifier includes

at least two of® a cell identifier, a carrier identifier and a sector identifier.

11.  The method of claim 2, wherein said destination identifier is a link layer identifier

that identifies a link layer attachment point at said second access node (850).

12. The method of claim 11, wherein said identification information corresponding to
the first access node (840) includes at least one of: i) a physical attachment point
identifier corresponding to the first access node (840), ii) a link layer attachment point
identifier corresponding to the first access node (840); and iii) a network layer IP address

corresponding to the first access node (840).
13. The method of claim 12, wherein transmitting said neighbor notification message

includes transmitting said neighbor notification message through said first access node

(840) to said second (850); and
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18. The apparatus of claim 17, wherein the nmeans for receiving are further
configured to receive a response to said second nessage from said second
access node (850). 19. The apparatus of claim 15, wherein said destination
identifier is a physical attachnment point identifier that is configured to
identify a physical attachment point at said second access node (850). 20.
The apparatus of claim 19, wherein said identification information
corresponding to the first access node (840) includes at |east one of: i) a
physical attachment point identifier corresponding to the first access node

(840), 11 )yrardid fd ﬁ@}%lﬁfor ﬂ&ﬁ%ﬂ%%séﬁgt ﬁ‘klu'dgseﬁt daki (ﬁ{e ocfgfe[ £3PRY4I ng to the

first access node wor k | ayer dress corresponding to
t he f|rstaammesmtmndsdﬁﬁdﬁyanmﬁmnwﬁmgoappauamd30®$smkh(&ﬂh@ndWMereln t he

means for transmtting,confi ure ransm.t said neighbor notification
message i SEPYF [&?r l?c?ﬂfi'ie%‘f‘oé G {ﬁgﬁﬂ@mch%’&.a&C%ﬁ%P%%b@g&noti fication nessage
through said first access node (840) to said second (850); and wherein said

nei ghbor notl ficati on message includes at |east one of i) a link |ayer
att achrment!4poi At wiredlessttemiingl apparatus pumRlisig t o sai d second access node (850)

?ggol) '.) a netwarknd BY Rlceil gAAHERP oS fSSROATHA& $90) GicARGNM BrGRSS node

information is unavailable to said first access node (840) for routing a first message using
a destination identifier included in said first message; and

means for transmitting a neighbor notification to a second access node (850)
corresponding to said destination identifier, said neighbor notification including

identification information corresponding to said first access node (840).

15. The apparatus of claim 14, wherein the means for transmitting are further
configured to,
prior to receiving said signal from the first access node (840), transmit said first message

to the first access node (840) over a wireless communications link.

16.  The apparatus of claim 15, further comprising means for establishing said
wireless communications link with said second access node (850) after receiving said

signal and prior to transmitting said neighbor notification message.

17. The apparatus of claim 16, wherein the means for transmitting are further
configured to,
after transmitting said neighbor notification message, transmit a second message to said

first access node (840), the second message including said destination identifier.

18.  The apparatus of claim 17, wherein the means for receiving are further configured

to receive a response to said second message from said second access node (850).

19.  The apparatus of claim15, wherein said destination identifier is a physical

attachment point identifier that is configured to identify a physical attachment point at
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22. The apparatus of claim 19, wherein said physical attachnment point is a
wireless |ink attachnment point. 23. The apparatus of claim 22, wherein said
physi cal attachment point identifier includes at |east two of: a cell
identifier, a carrier identifier and a sector identifier. 24. The apparatus
of claim 15, wherein said destination identifier is a link layer identifier
that is configured to identify a link |ayer attachnent point at said second
access node (850). 25. The apparatus of claim 24, wherein said

identi fi cagilj tohDhQciBRtddeNg Ryl responding to the first access node (840)
i ncludes at |east one of: i) a physical attachnment point identifier

corresponding to the first access node (840), ii) a link layer attachnent

por LT e SO SRRRI LS SR SRRSO ety )

26. The appathalids abdesChaleBAD, inoMRE @i Bast bee G Jnphiysicaltattacitment poing sai d
nei ghbor notification nessage are confkgured to transmt said nei ghbor
e

not i fi cat idsAtifercorgwonfing iy hedistaceesy seded 84 Wsiv) alikeays4trpcheens Beiat second
(850) ; amijdentiﬁer corresponding to the first access node (840); and ii) a network layer IP address

corresponding to the first access node (840).

21.  The apparatus of claim 20, wherein the means for transmitting configured to
transmit said neighbor notification message is further configured to transmit said
neighbor notification message through said first access node (840) to said second (8§50);
and

wherein said neighbor notification message includes at least one of i) a link layer
attachment point identifier corresponding to said second access node (850) and ii) a

network layer IP address corresponding to the second access node (850).

22.  The apparatus of claim 19, wherein said physical attachment point is a wireless

link attachment point.

23.  The apparatus of claim 22, wherein said physical attachment point identifier

includes at least two of: a cell identifier, a carrier identifier and a sector identifier.

24.  The apparatus of claim 15, wherein said destination identifier is a link layer
identifier that is configured to identify a link layer attachment point at said second access

node (850).

25.  The apparatus of claim 24, wherein said identification information corresponding
to the first access node (840) includes at least one of: i) a physical attachment point
identifier corresponding to the first access node (840), ii) a link layer attachment point
identifier corresponding to the first access node (840); and iii) a network layer IP address

corresponding to the first access node (840).
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wherein said neighbor notification nessage includes at |east one of i) a
link |ayer attachnment point identifier corresponding to said second access

node (850) and ii) a network |ayer |IP address corresponding to the second
access node (850).

26.  The apparatus of claim 25, wherein the means for transmitting said neighbor
notification message are configured to transmit said neighbor notification message
through said first access node (840) to said second (850); and

wherein said neighbor notification message includes at least one of i) a link layer
attachment point identifier corresponding to said second access node (850) and ii) a

network layer IP address corresponding to the second access node (850).
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