COMVUNI CATI ON DEVI CES AND METHODS FOR PERFORM NG COVMUNI CATI ON RELATED
APPLI CATI ONS [ 0001] The present application clainms priority to the

f ol | ow ngw@i2ntpapesse Pat ent Applications: 201101531-0 fi IPE€W/SGR0IRENE@GI 3,
2011, 201103402-2 filed on May 12, 2011, and 201101771-2 filed on March 11,
2011, all of which are herein incorporated by reference in their entirety.

FIELD OF THE:(W%@UN@@B&IW%v@ﬁ@ﬁmmwrﬁbnmommnmmnmr ally

relate to a communication termnal and a nmethod for performng

comruni cati on. BACKGROUND [ 000GPMMAUNIEATHON. 16n Syst em Requi renment s
Docunment (SRD) specifies a requirenent for Hgh Reliability (HR network.
As such, one of the requirenents is for the nobile stations (HR MSs) to

comuni cate directly with expLATFBrAPFLICATIOWSt of network failure. The
HR-M5 to HR-MS direct conmunications scenario could for exanple occur in

the even{0Qfl]a The puwsent applicationnelaimscrieniy tachadpRowingdiisganoyefaterhe rescue
teans (e. r ene of fi.ce I tte directly
w th cacithbriony anb0sBPDER Sh b AT o4 2 RS QUi st o0
recovery.2011, and 201101771-2 filed on March 11, 2011, all of which are herein incorporated

by reference in their entirety.

FIELD OF THE DISCLOSURE
[0002] Embodiments of the invention generally relate to a communication terminal

and a method for performing communication.

BACKGROUND
[0003] The IEEE 802.16n System Requirements Document (SRD) specifies a
requirement for High Reliability (HR) network. As such, one of the requirements is
for the mobile stations (HR-MSs) to communicate directly with each other in the
event of network failure. The HR-MS to HR-MS direct communications scenario
could for example occur in the event of a disaster where the backbone network is
destroyed. The rescue teams (e.g. firemen and police officers) would have to
' communicate directly with each other without a backbone network in order to provide

disaster recovery.



SUMVARY [0004] In a first inplenentation, a infrastructure station in a

cel lul ar nobil e comruni cation system the infrastructure station includes a
i nfrastr WOZPER/H840i on core configured to provide infra®CTEC2UNRAM6AL I on
functionality to a plurality of dependent stations, a topographer
configured to discover a network topology and designate a failover topol ogy
fromthe network topol ogy for usesumMmiixrevent that the infrastructure
station fails thereby no | onger being capable of providing infrastructure
station fl0AR4]i okmlai figsttimpléersengational 4 iyfrastrugape stidion ot at ¢adlwtar mpbile aj | over
t opol ogy conpri.si.ng fail oyer stations, and nchromd zer configured to
peri odi cdP w%ogéyﬁf% ‘ﬁa l%tz%sﬁ'ﬁﬁ?ffsgt%fondgéga%serﬁ éqryﬁsﬁ—gﬁtgre[ Ostgﬁ%n fai | over
stati ons BHC Rohfidired &bWBFovidee aiftastru@iifee ktatib Ifafétidnalitl € Sd phirdhyf 8fl ure is
shorter than normal network entry. [0005] In another inplenentation, a

nobi | e stdgpénsient sfationselal toipagraphdsi ¢anfigureduiel diseavsn aspefvenk itondlegyesnd nobi |l e
station cor.e confd gured t rQvi bil.e stati funct.i i

associ at i ﬁ%\ﬁ?ﬁ%ﬁ’%‘fggg@s{’%ﬁ% %qu%aeaof%fqu\%)éyq‘é{g |1(I)1nth§§r%edtté%ar¥$?{ egured to
provi de hpgaust@bd aatidiid itnedy Ay lohfertbedgdiéaphable)of Provdeing neleastrustugd i ons in
the event that the npbile station is instructed to act as a base station as
a resul t station funetionalibiiéq (he puralityopfl Hepandent. stpberoe|thg dailpver teprdegy

| npl ementa igggiingeai%j{ Ltgtiér}sa&lcp A . clﬁoﬁi%%}] ?%ﬁﬁ%h%%ﬁggw% ?)g(EJiQQ system

i ncl udes a i on cobre contrgure ion
funct i onainihy dsimartes asfi ddpendenti stdtions tasthe Saddved rstationd sach ahatonetvost at i on
core configured to provide relay station functionality to a plurality of

dependentreaiatighmfiastragiuresiation Taile 1 sharteBan pormal peGyprk entthst ructed to

act as arelay station as a result of a infrastructure station failure.
[0007] In yet another inplenmentation, a nethod for maintaining persistent
comuni c4060a5) i m tdwethevenhplementatiose astmobiten stationurie ian cellded | mbbite nobi | e

communi cation system the cellul ar nobile comrunicati system c rising
at 1 oast CPRERRIBRPE “SHei BrUdesn mobds Mt Rrs sonersbloPRiIdematic ng a
comuni CafakigR HAGHRGEOBY ReL¥RRA Wifh Albaked@tiod, Whd R Hhildvep ittibRMtRre/i @ at

| east one base station of the comunication network is provided. The nethod

i ncl udes cdnfigusedta prgvidlerbaseveiation twotienplity Wexplyraity afdepchdentstations thol ogy
fromthe discover Ehnet rk_topol.o fo u [ h vent .t
infrastr Ltll&et ﬁ‘feélyg'lag eo’ﬁ‘oﬁ%f thgl?rﬁbsrlg%ucrt%{ ﬁoo%:ggl? alr)i’él%engtac%lbg ég‘%;t Ogikovi di ng
base st atijhfedstrhictofd dtafval faflyret 0 @ plurality of dependent stations, providing
fast network entry information such that network reentry after an
infrastructure station failure is shorter than normal network entry, and
storing f{AR06f ai Inoweefurthgsoimplemientagioni gt mahilee dtatipmniar a tvebulghonebilhe
cel lul ar cglll)l?r'lulmeca 18%5 é:r?lai%'clggessg bk station core configured to provide mobile

station functionality by associating with a base station, and a failover station core

configured to provide relay station functionality to a plurality of dependent stations in

the event that the mobile station is instructed to act as a relay station as a result of a

infrastructure station failure.

[0007] In yet another implementation, a method for maintaining persistent
communication in the event of a base station failure in a cellular mobile
communication system, the cellular mobile communication system comprising at least
two mobile stations and a communication network for providing a communication
connection between the at least two mobile stations via at least one base station of the
communication network is provided. The method includes discovering a network

topology, designating a failover topology from the discovered network topology for
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] To further clarify the above and
ot her advantages and features of the present invention, a nore particul ar
descri pt 80 2012/11B450i nventi on wi Il be rendered by refer eRCESGRRHOUN6S | C
enbodi nents thereof that are illustrated in the appended drawings. It is
appreci ated that these draw ngs depict only typical enbodi nents of the

i nventi onysand iRl &eht@hCiPIPraBRichire skifiok TR HEreBY nbilbdder BEingfcapdtie 8£0Pe. The
invention will be described and explained with additional Specificity and
det ai | t lprovidingtblase stattorofunctienatityctorapinsalitygoidepandays stanonshprovidip® &sd] Fl Gs.

1-4 show ¢ ni catian syste ccording to enmbgdi nents. [0010], FIGs. 5-6
show 11 ouIFGTaE g HRTBRHPRGUET LA e EEns RS S oA [ 001 1)
Ref er enc gaifirk lis BRO¥tRQhAR A etvidtk entryh 8h® stdrink kBe FhiloveF tWpdfog¥i inl a be
provided with |ike reference deS|gnat|ons. It is understood that the

dr awi ngs digtabutedigrannerdhiovglaowd t wlar mobile gprmownicatipnsstast. exenpl ary
enbodi nents of the invention, and are not limting of the present invention
nor are they necessarily drawn to scale.



[0012] The | EEE 802.16 standard famly specifies a Media Access Control
(MAC) and Physical |ayer comuni cation protocols for cellul ar-based

Wi rel ess WOrmMpig4di ons. Recently, considering the nece®€iItSG2¢i2/000069
comuni cation in the case where infrastructure nodes are danmaged due to war
or disaster, the | EEE 802.16 working group has started a new task group,

| EEE 802. 16n, to enharBRIBFBESERIEDION OF THEDRAWINGSS02. 16 t echnol ogy.
[ 0013] Upon a infrastructure failure, such as a HR-BS or a HR-RS fail ure,

the goal [8P08]ar Tefurtearisaaifyrdhe aboyve andotheradvantages and featyres of giespresenk
ey e S o . ; .
Pour net vayerohy Plbrinita QO ot i Bl b RRaBka RO Setefinee ! 09

st ati ons terspecfiagnvodinents thrfedf teachakbihetratvdtinahk appended tdromngs. Hatis per si st
are limted to local connections between HR-MSs within the coverage of the

fail ed HRPESCifedhatiBesecirpwings dgpict onpdymical embedimeats ofthe invention Apd
. . . SN
Che’ ot wdF ¢ BBErEEHIY b G Bondude Mol Y3fs Shae. Dihl BRbnMlF ST T D 1 1

capabl e afes¢ribediang ekplrinedwitiRadfitiondl Bpecificgamd ddfaibidobih theyusalofaehg oi n t he
new HR-BS. A Registratjon to another BS or RSin the vicinity. A

Regi st r ataCeRmpanymigsrawnggan Whisha packup RS where a HR-MS in the network
assunes the role of a HRRRS. HR-Ms and HR-RS are capabl e of joining the BS
via the new HR-RS and other |egacy M5 and RS may join the new HR-BS via the
new HR- R$00§901EIGVar4 shos’ eominnukin@itnsystems apcording tokmbodimehisng and furt her
ensure that the signaling overhead is mnimzed.

[0010] FIGs. 5-6 show flow diagrams according to embodiments.



[0015] In this disclosure the original HR-BS may be referred to as BS-0. A
HR- M5 whi ch volunteers to be a backup BS or a backup RS may be referred to
as B-BS aw0 2BL2RI84Sespectively. O her BSs in the vicinitpPCkg2o/opeberred to
as BS-n where n >0. [0016] FIGs. 1-3 show conmmunication systens accordi ng
to enbodinents. FIG 1 illustrates the four networks, as described above,
before and after BS-0 1 has DBETASMED BESCRIPTION represent the links with
BS-0 1 before failure, whereas dotted lines represent the links_after

failure. [BREH oBefesencecyilhaaw, s meadenios igures, arherein ok strofduras Mdllabs er
Lo ure _ gy . ) ‘ e Gieinity,
bnd connd Rt Sy ke (bsferEE RISk acHb I by i | Bokigs MG

fail ed. Tisgraninaoe kant3 schienidtie toprdseritatienst b€ exasplanh eerebalimBatyBof7 the
designated by BS-0 1, role-changed to HR-RS, 7 and cqnnections related to
HR- M52 13“\6?@}/@%5%“‘1@5? BRigHmitiog PT e pragent BVERRN nqqéim\g}ep( ngeessARy 48R s t wo
cases: (g ndal one network and (ii) a HR-MS rol e-changed to HR-BS. In
case (i), a HRRM5 5 is designated by BS 0 1 to be a coordinator 5 for the
st andal one network 17 to coordinate and facilitate direct M5-toMs

i i ) I HR- 5 is.desj d by BS- be i
backop. - ThaM: 7he w2 Sat 6 handeriemiy rerdndt s MAIRAGR Rl aMAD Dace
only | ocghqd MPIRRRAECHdyRPS BRfildibhasirofRBRECkE onibat veen HrRMess 11

persist. In theé latter case, |ocal M ‘connections and nulticast connections
bet ween KRmBRi@tiohs RecgntiBGsconsidening thesnecedsity tdfesommgnipativiahiauthe case
connectivi,ty, .connections,to other may. _persist,. a | . 0, The
enboal mertieth ATFRERE e Bodescar® sPRiaghh oFE g hEArobf lisBlentpe JEEE A4 07 r o
Thi's i nchyRing Bibip BRStar@dQURSY taSE gEupN EEER 60K €518 ,to Theeiek fig: &liabiligns, and
ot her configurations like nulti-carrier node. [0018] A failover topol ogy
such as whtedREE §02A6technolagydesi gnat ed by BS-0 1. Hence, the role of BS-0
1 is to discover the topology of the network and partition it such that
connections will be maintained as nuch as possible upon BS-0 1 failure.
[0019] B$® 3] WUpbn assfrsstructireofailaie)sutl dsiaHIRBS 61 & HR-BS faflure] theldoaland RS to

the failover stations so that network reentry to thia fail over topol ogy can
be conpl Of ¥arions emhodimentsyisde ensuse thapall ghations 18 2 prefayluse netkeipendighiney ed

faster Sioﬂ&%ffh@??oﬁ&v@n@%n?%?}Hé%ﬁéwﬁﬁg%mmﬂc&‘aﬁ&%ﬁ&%: [0020] Thus the
base station 1 in the cellular nobiFe comunication systemdepicted in FIG
1 includes & Rasendslahe ortwakewbenf ngwtled base ptaiondeorbeday statibnsoare

functionality to lurality of depepdent stations 5, , 11, .13, 15, a
t opogr apher ca?i’r“-}l%d?-e’ge&“’&ﬂai°gmg?% R’é?ﬁﬁrtsﬁk)ﬂe 5%8‘1?6%36%80%&1@?%% a
failover FODOMQ%eBWM@@wﬂﬁ{n%E&ob&EQé 88thef falled BIR-BB cIrf}?Rﬂw%r(ﬁthénhat t he
base station fails thereby no | onger being capable of providing base

station funct ilegaay MSs and Rs¢hasifall aite this eftegoep earohcorsmanicates, the fail over

t opol ogy conppr, si ng failgyver tions, [ .synchroni.zer confi ed to
periodically ;56? a\lﬁkgg btalsemS ﬁtéo%gq@rrvﬁﬁ%g aoﬁﬁé{égé%éléen?et‘gf’ fali 'flscs)‘rll?g? ghe?r ﬁfee fail over
stations suchof haRrBS vhd ltHe $TR-MSsadideHRORS S arkt @phlsl8 of oinitgethe hiewhor t er
than normal network entry. [0021] Moreover, a nobile station 5 in the

cel I ul ar nobi IFR-BSafthar degary MSgad Rempyslsotiem thenegy HR-BS; ne| udes a nobil e

station corg ¢ gfs'k)rgﬁ'&% aB1[8th%FE ‘éi’%ﬂ*%h#@icﬁﬁ@?‘ on functionality by

associ ating wi ase station I, and a fallover station core configured to
provi de basa RegistratiorntodamuthereBSiyiasa backup RSindictcondR-MS o thee metwork i ty of
dependent stations in the event that thetapn(gbi | e station_ is_jnstructed to

act as a base 2818 $he ElerhRA HRES: AIR-M3and HRgBSare gapable of Iopipg & st at i on
failure. BS via the new HR-RS and other legacy MS and RS may join the new HR-BS

via the new HR-RS.

[0014] Various embodiments set up control signaling and further ensure that the

signaling overhead is minimized.



[0022] A HR-MS indicates its backup capability to the HR-BS during network
entry through a nodified SBC REQ nessage. |If a HR-M5S can support a role
change t oWBROBA184M is willing to becone a backup BS, oPCISGa12[0000g91t 0
beconme a backup RS, the HR-Ms should indicate this in the SBC- REQ nessage.
BS- 0, upon receiving the nessage, records the capability and acknow edges

with a ”ﬂ] Néedlrﬁ% Eiﬁaomésem@nglhmtmtmtmd%@rdﬂae@i facds BS9L gA HRY rol e
for the this procedure is purel Kmo notify BS-0 of the HR MS
capabi | i tMéswhlqihu@lunuenré tordpial hackumBS o arhagkee REgneY beireferredbtosasnB-BS SBC- REQ

pase. ot i Re e PR BT kiR nBb MeliBRrsc L PRAFLbe 1 T

capabl e ofgbeing a failover base station and/or a failover relay station.
[0023] Wth reference to FIG 2, BS-0 1 should designate the fail over
network topol ogy such as that indicated, for exanple, in FIG 1. To do so,

BS- 0 ”ee‘fﬁofﬁ‘i f:‘g.?ysg% %)l{bal n catﬁ‘oqf %Jg{% ssacg rdﬂ'lé[tﬁgﬁnb%agné%‘?s.npf@gled by

BS-0. Thi*s wrl are required for

synchr Onllﬂlﬁﬁtﬂaﬁva thé tdur fnetw @k ras ﬁe%ﬂb@ﬂ&bo{z@%ﬁre @né aftet BRd) bhaBKikdsi st ed
nei ghbor discovery is as follows, fy periodically si naI to Mss 11,
E’f&“n

13, 5 t o SokiAf inah iseresenti e inksi W{}haﬁ%osﬂn’%ﬁ &, yWheiedsy detted lings unj cast ,

pot enti al ﬂggﬁ i for the
rangi ng hEs 8483%) oﬁ%er s.ﬁrg‘é%ﬁ%lrr%&ﬁq e%h gés}gsggﬂlN m%[r)%gpﬁet ljJJ-k)Hence

t he pot enfteafailBréxSNatwbrB2BSs sheatdse Meuamqihadfmas Bhein theeviginbyy andand
obtain estimtes of the nchr.o zatjo of f.'s al

coor di natCBFneCBOIF?Sr%BJI@ %é g’{gét P%ngsyg t {ye Egs]ea@&frf %]f ggp@ﬁ?‘s e’gllek to BS-0
1 the neighhak 1kiialife eaﬁeﬁﬁsﬂée&%éyamqnsmhw@l@éés B5-0 1ardleNeW

message NBR- DI S- RSP. 26] Alternative method$ fof nei ghbor di scovery may
be used sbaﬂgndgo&HlRIS& hm@tomlfecmsghlbtﬂdstosﬂlé-l\ﬂé%)dﬁtp@dil&bmugleSSl-@ in order

[o027) 5a"8 EEBh Rtk et Bre Pk GiFenceBRelishl R apbaul ST < ane

capabi | i WS golefchh}ed 26 MIEBSEe dnMaseiy] aHR-MBS i@ debiigfigted BﬁIHS bi1apibec shoul d
mat ch the capabilities of the M5 to the failover statjons. For exanple, a

mul t i - caceprmatiR Mvor Siotiandalse matwarlsd 7tte caondinate andaferiligate irest MS-t@ RS f or
failover 'Mé:%owr%mga?lo;lé.t fnogelsg%lihé) YRR 1 &&1&%%%-0 9 1$haNneal one Ms.

backup. The difference between the two cases is that in the former case, only local
MS connections and multicast connections between HR-MSs 11 persist. In the latter
case, local MS connections and multicast connections between HR-MSs or legacy
MSs may persist. If there is backhaul connectivity, connections to other MS may

persist as well.

[0017] The embodiment ensures the states of connections persist after a BS-0
failure. This includes multicast groups, sessions and keys, sleeping stations, and other

configurations like multi-carrier mode.

[0018] A failover topology such as the one in FIG. 1 is designated by BS-0 1.
Hence, the role of BS-0 1 is to discover the topology of the network and partition it

such that connections will be maintained as much as possible upon BS-0 1 failure.



[ 0028] For standal one networks in the failover topology, BS-0 wll

desi gnate a coordinator. Preference will be given to those which have role
change t oWR30w11BS0capabi ity but are unwilling to part PET{S&2E1288006Ackup.
[0029] After determ ning the fail over topology, BS-0 unicasts fail over
configuration information, termed BSB-CFG to all HR-M5 and HR-RS in the
net wor k. bmgéne}sstmdwnpﬁsm Bsabﬁﬁﬁgr&mb% eRti@¥s OESS M8 aniRS|NSther

enbodi nment SB- CFG nay be appended to ot net wor kK managenent nessages.
[0030] THeil®eRstatansesaigectwork wertsy tm@erf@w@ctqp@@&'aqan&@@ongﬂ%t@d ahs for
each HR- and HR-RS, .and ot her conf | tions o nchr.o tion
estimate aStf?fsPO?‘?éql%F%r Smrléll % KPS et fubab %gveve E?ﬁfé,ﬁpr(cgcg]mr clfg% rangi ng
ti me and csfifahtes &BlKBowaAlfA afatlcy. generated security keys such as, for

exanpl e, those required for nmulticast. [0031] Unless BS-1 is the failover,
all HR-M5 should retain their STID since they are guaranteed to be unique
after p oni ly.s t BSB- CFG
o el ot s Lo Bt e ' 18" e SRDRr FHEe bl RaBh S

transm sglepiotedeiyi PIS. Ne GRHERE Yo bdserstaangre ,coﬁﬁgtﬁéd o pacdde bhse stefiorr k
entry, or de-registratjon, otherw se only the s nchronl zation estimtes are

sent  per iferftionplity tas2 B’@Fal{th@fﬂﬁm%ﬁ’sﬁé@&sl 27> Irrils 135 19,02 (ONBFAPAEL t he
head t at
may be- cSRTrEE D bi3eSR MahdubACHARET i Ween QA ¥aho/ GpdiDEy BoRE P B O

rangi ng hd fet@osietopofogy dngisegn tledleenthiat thedase statienfdily theretiy netdnger
dependent stati ons capable of being f Iov . Statio li.sten for the set
of rangi R§EoHREdIgRf ErBV‘rdé‘}go{’QseaSﬁ%Pqne FROIRAYH Praé‘it%(?g\fjéf’?”é@mback to
the base igfighd Ofhe Pé?l@véﬁ?oﬂf%yl orpAdihg nfaﬂ@'yerbﬁatfldﬂst hali &ohiiduhser t o
performrangiig with a set o rangl ng codes when instructed to do so by a
base st atconﬁmgur@l rtollmn]o;hcaﬂje provide girsingt éstimatasy ob depandeitgstatiehst to thest en f or

t he set ran and to.re res ltin hbo coverles
back +o JuisEEdafdes S mahtehns Ry Y b Yatigh FHBH I Bk B80! 0033y
Legacy 8@3midl nl¥RporkRARSs do not have such fa| I over support. Instead, BS-0
wi Il announce all failover stations in the periodically broadcasted
MOB- NBR- ADV. The | egacy devices will note the availability of such "base
stations’ rform e curs.
Thus t he [%@gi g]?%{%%ni aup 9? &Qtrl&‘l g '?rtl 'iﬁ/e X@llﬁlﬂrtntpc%ﬁe Jonﬁn&rﬁ&étﬁ)\ﬁ sryst%ﬁl

depicted in FIG. 1 mcludes a mobile statlon core configured to provide mobile station

functionality by associating with base station 1, and a failover station core configured
to provide base station and/or relay station functionality to a plurality of dependent
 stations in the event that the mobile station is instructed to act as a base station and/or

a relay station as a result of a base station failure.

[0022] A HR-MS indicates its backup c:;lpability to the HR-BS during network
entry through a modified SBC-REQ message. If a HR-MS can support a role change
to HR-BS and is willing to become a backup BS, or is willing to become a backup
RS, the HR-MS should indicate this in the SBC-REQ message. BS-0, upon receiving
the message, records the capability and acknowledges with a modified SBC-RSP
message. Note that BS-0 does not assign any role for the HR-MS yet; this procedure
is purely to notify BS-0 of the HR-MS capabilities. Thus, the mobile station may be

configured to send a SBC-REQ message upon network entry requesting base station



nmodul e configured to announce the failover stations to dependent stations
havi ng | egacy hardware. [0034] Mss may perform bandw dt h requests, changes
and del etWOrROWIB4SDSXREQ RSP/ ACK nmessages. BS-0 execut e®CTiS&200de06Rit h
requests follow ng the conventional 802.16 protocol, but will informthe
respective failover station once resource has been allocated, for exanple,
FI D and sfaheibnhiityofros dlbisersmtioadthevdBO-REQuadsbig2dinBSxtiShategsmgbile [ 0035]
The failover station nmay keep the DSx- RSP and notes the FID and SFID for
book keepit#igngsicansblet beipg s fadeyey bageastationiangdips p fylaver eelayt #diong; | over
station will honor the resource allocation on a best-effort basis. There
are two advantages to this approach: A H gher Resource Uilization. If the

resour ceJ0og3je Witk rgferhente G, 2hBSAEivahokildvdedigmatd yhehfiilevermnétmork of 50%
ef ficiency since resources _are doubled for failover which could be a rare

event . thP(Hgg}éS‘Ef@si‘-S- that mcaﬁﬂaf%n?)@@méslﬂl FIG.i1n ﬁp%i%fo,r%%gme@és to
uti |1 Zati Qoo inbils Do} AeHBBRAN A VAU I M 6RABY s STHL Wil aHESheGH DY BS O

ard-'guar an are enforced, all over station needs to
be consulthetdminy estiemeasitioa asd deqaiadd fon sypshyeelization Inith fadoveestatibns. n del ay
penalty, and also | ower service adm ssion rate. [0036] Wth reference to

FIG 3, the sequence of nessages that are exchanged in a dynam c service

request s [gigyshopp. %@0#?8%s§%ﬁehéﬂﬁopﬁf§€&@9§% EEfiowRdBEay 1 dygANi

service requéest that 1s define e 802.16 protocol, and subseduently
i nforns tpeaodizallyosignalsb Mssohl, S 3p6 to hperfoss wetiodicGadgihg kB sinmdtangasty i nt o

i dl e node may, be excl yded as of _t i | oyer topolo si.nce .t hey are

li kely tdnﬁﬁgfﬁo‘(}%mkcﬁsl{o?ﬂtg?méggkbs‘gr Phﬁ? S&@QQS ¥nt9&lsg$%8?)%ﬂgllrﬁ%§}ogey

mai nt ai ngE3ofe PnghistcoliBoff AhdroMSs. WE 2hhe MhifBdw Alssdpe MBR DIBREQS or med in

order to mnimze overhead. Milticast groups are nmaintai nedlq@bgl BS-0 1. The
o

fai | over Hamgelthgpotgntial BiRS andeB-Hinstatianistdas giscovprdbeir neyghbprs biairi t i oned

net wor ks ‘es nlﬁ%tes of the synchronization offsets.

[0025] The potential coordinator, B-RS and B-BS stations 5 then subsequently
report back to BS-0 1 the neighbor lists and respective synchronization offsets via a

new message NBR-DIS-RSP.

[0026] Alternative methods for neighbor discovery may be used so long as the list
~ of neighbors are reported back to BS-0 in order for BS-0 to compute a failover

topology, i.e., partition its network.

[0027] BS-0 determines the failover topology from the neighbor lists and
capabilities of the connected MS and RSs. As a guide, partitioning should match the
capabilities of the MS to the failover stations. For example, a multi-carrier HR-MS
should be matched to a multi-carrier B-BS or B-RS for failover. Further partitioning

should minimize the number of standalone MS.

[0028] For standalone networks in the failover topology, BS-O will designate a
coordinator. Preference will be given to those which have role change to RS or BS

capability but are unwilling to participate as backup.



possibly with different sets of encryption keys for secured nulticast
connections. Thus the nobile station nmay be configured to maintain

i nf or mat i\0 201/18450i cast groups for use by the fail over PET&HG201/06¢062 i n t he
event that the nobile station is instructed to act as a base and/or relay
station as a result of a base station failure. Likew se, the base station
is configured to maintain nulticast groups and conmuni cate the nulticast
groups to the fail over station in _the fail over togol ogy. A periodic

BSB- CFG Mf9%ge Aflsy dstspmuungpthes Fulore- PPIogyme BSdY e Uniags s dailqvst i on
failure c y. { 3 I 1h 160 et iqeouts
from non-(:(r&(&ai%:'1 p@ﬁ%ﬁqgﬁ?@g@%ﬁéﬁg@ p%eigsc'fg’i%éﬁun g\rdgt %?%g\gsgﬁ%ﬁggof t hat
base st atrdeomorkTHa &HB-cpiGdimasaBSR-OFG mdys becar ngw amessaggeln winbthler def i nes
how a failure should be interpreted. LOO&P] Once a failover station has

det er ni nednbodiment; BSBAKE mayihegpended fopihgbnetyvprksnanagepeniBeda8s: f orm t he
failover topol ogy. For standal one coordinators and B-BS, the station wl|l
follow a ef i t r 0, t her t wor k

i nf or mat i[@@} ndlﬂelg%esg'%??}sﬁ}eg%é%%\l}l’grﬁtahn{gn@gﬁg%%gf‘ggﬁﬁ %7 % %%? n%rﬂr%ﬁ?fe 3@? net wor k

entry. FHRBARKInOHRARSVEnd othet tdnfigutdtioas slidheds d9helironizitior éstinfa@esf Gism a f ast
network entry to BS-1 and assune their role respectively. ({0039 For a
st ati on \i§hvedrkieatrydnfogmation, Jorexample,i rgppmmendsd Spnging tisHng Yo, GiIAD; t s

o5 o Mol b Ay ke sl o e R o R T v k

entry. Network entry is sped up by utilizing any avail able information in

t he nost cent - CEG ness . Fo le, (1), recol ed r i ng codes
and o1 ot SR bERTSEHS | 15 i FARyFR QTR s Bph b PAS TaeP

previ ouslyye @aihARLE D _fb'e”&rﬂ@xea%rpﬁé’bﬁf)ﬂ& bartiliofiaRabBKig Mnlge&%é ad qm and
setup of default service flows nay be omtted. "[0040] The station shall
furt her veforhgtion inhBSR«CHS to helevanh 13y wheneverstbere ise ¢hangaincegtwodnof t t ed
previ ousl Vo.BS-0 are.still available in the new fail.over topglogy, since
Phose ar B Pesi et dismyitn maf bEmelitidiy, R sBfulerii@'s R bR o i ce
flows, as:nm?,l lor a&e-iégistrhﬁ@ﬁt othk®¥iBe dnly aN&isyAcHrenizedH leGithates e dehom t he
BSBCFG shal 1l be used, for exanple, the flow |[Ds, and new set of nulticast
secur i t y pragdically goper|thespigsionp sesiony hisie dsmiumize the gyereadyregnised tpvent i on.
Sone are ?Waﬂﬁ?é@%&%cﬁ t are not defined in the current 802.16 standard
wor ki ng docunent. "Some ot hers are defined in the 802. 16 standard, but

require some nodifications. Belowis a table that explains these details,

and further describes the nessages and_their abhreviations. 0042 Message
Ful | namg0032] Thus the base stgt?on m%y e configured to per?ofical y instruct dependent g

- stations to perform ranging with a set of ranging codes while concurrently instructing
dependent stations capable of being failover stations to listen for the set of ranging
codes and to report any resulting neighbor discoveries back to the base station, and the
mobile station may be further configured to perform ranging with a set of ranging
codes when instructed to do so by a base station. Similarly the mobile station may be
configured to listen for the set of ranging codes and to report any resulting neighbor

discoveries back to a base station when instructed to do so by the base station.

[0033] Legacy 802.16 MSs and RSs do not have such failover support. Instead, BS-
0 will announce all failover stations in the periodically broadcasted MOB-NBR-ADV.
The legacy devices will note the availability of such “base stations” and may perform

network entry with them if a failover occurs. Thus the base station includes a legacy



New / Modified Notes SBC- REQ Subscriber Station basic capability request
nmessage Modified Used in network entry for capability negotiation. SBC RSP
Subscri beWOo30Yi18450basi c capability response nmessage PCT/SG2012/000069

module configured to announce the failover stations to dependent stations having

legacy hardware.

[0034] MSs may perform bandwidth requests, changes and deletion with DSx-
REQ/RSP/ACK messages. BS-0 executes the bandwidth requests following the
conventional 802.16 protocol, but will inform the respective failover station once
resource has been allocated, for example, FID and scheduling is determined, with a

modified DSx-RSP message.

[003 5] The failover station may keep the DSx-RSP and notes the FID and SFID for
book keeping purposes. Eventually when failover occurs, the failover station will
honor the resource allocation on a best-effort basis. There are two advantages to this
approach:

A Higher Resource Utilization. If the resources were hard-guaranteed, the
network will only have maximum of 50% efficiency since resources are
doubled for failovers, which could be a rare event. Giving a best-effort
guarantee results in higher resource utilization.

A No Delay Penalty. Admission control is still decided by BS-0 alone. If hard-
guarantees are enforced, then the failover station needs to be consulted for
resource allocation as well. This is result in delay penalty, and also lower

service admission rate.

[0036] With reference to FIG. 3, the sequence of messages that are exchanged in a
dynamic service requests are shown. BS-0 1 performs the procedure required for
dynamic service request that is defined by the 802.16 protocol, and subsequently

informs the failover station 5 of the result.

[0037] MSs that goes into idle mode may be excluded as part of the failover
topology since they are likely to handover to other BS. MSs that goes into sleep mode
may be maintained at BS-0, but the failover station may not need to be informed in
order to minimize overhead. Multicast groups are maintained by BS-0 1. The failover

topology will use the same multicast group ID in the partitioned networks, but
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Modi fied Used in network entry for capability negotiation. NBR- DI S
Di scovery request nessage New Base Station initiated nei ghbor
di scover YWQNBR2/IBESY RSP PCT/SG2012/000069

Nei ghbor

possibly with different sets of encryption keys for secured multicast connections.
Thus the mobile station may be configured to maintain information on multicast
groups for use by the failover station core in the event that the mobile station is
instructed to act as a base and/or relay station as a result of a base station failure.
Likewise, the base station is configured to maintain multicast groups and
communicate the multicast groups to the fail over station in the failover topology. A
periodic BSB-CFG message may doubles up as a keep-alive message. A base station
failure could be detected by a single, or multiple consecutive timeouts from non-
reception of BSB-CFG at the stations under the management of that base station. The
BSB-CFG message could also carry a trigger which defines how a failure should be

interpreted.

[0038] Once a failover station has determined that its base station has failed, it shall
proceed to form the failover topology. For standalone coordinators and B-BS, the
station will follow a predefined frame structure broadcast PREAMBLE and other
network information and expect its failover member stations to perform fast network
entry. For B-RS or HR-MS to link with another BS-1, it will perform a fast network

entry to BS-1 and assume their role respectively.

[0039] For a station which is not a failover station, it shall attempt to join its

respective failover station (FS) that is assigned via the most recent BSB-CFG

message. Upon detection of the FS, It shall perform a fast network entry. Network
entry is sped up by utilizing any available information in the most recent BSB-CFG
message. For example, (i) recommended ranging codes and slots may be used; (ii)
fanging operation may be initiated with previously estimated timing and power (iii)
capability negotiation and setup of default service flows may be omitted.

[0040]» The station shall further verify with the FS that the dynamic service
resources committed previously by BS-0 are still available in the new failover
topology, since those are provided only on a best effort basis. This includes any
service flows, as well as multicast flows. If available, configurations from the BSB-

CFG shall be used, for example, the flow IDs, and new set of multicast security keys.
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Nei ghbor Di scovery response nessage New List of neighbors report to the
base station. BSB- CFG Base Station Backup Configuration New / Modified
Keep al i WwOReRsd8E0 contains the fail over topol ogy i nfoPGRISIGN2/0DEE

[0041] Several control messages are used in the invention. Some are new messages
that are not defined in the current 802.16 standard working document. Some others
are defined in the 802.16 standard, but require some modifications. Below is a table

that explains these details, and further describes the messages and their abbreviations.

[0042] ,
Message | Full name New / Notes
Modified
SBC- Subscriber Station basic | Modified Used in network entry for
REQ capability request capability negotiation.
message
SBC- Subscriber Station basic | Modified Used in network entry for
RSP capability response capability negotiation.
message
NBR- Neighbor Discovery New Base Station initiated
DIS- request message - neighbor discovery
REQ
NBR- Neighbor Discovery New List of neighbors report to
DIS- response message the base station.
RSP
BSB- Base Station Backup New / Keep alive message; contains
CFG Configuration Modified the failover topology
information.
DSx- Dynamic Service “x” N/A DSx can be either DSA,
REQ Request Message DSC, or DSD. It refers to
Addition, Change, or
Deletion, respectively.
DSx- Dynamic Service “x” Modified Modified for informing
RSP Response Message Failover Station only.
DSx- Dynamic Service “x” Modified Modified for informing
ACK Acknowledgement Failover Station only.
Message

[0043] Thus the base station may be configured to transmit a periodic keep-alive
message or a defined trigger such that if the base station fails, dependent stations are
capablc of detecting the failure, and may be further configured to act as a failover
station in a failover topology. Likewise, the mobile station may be configured to
detect when a base station depended upon by the mobile station has failed and act as a

base station if previously instructed to do so as part of a failover topology.
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REQ Dynam ¢ Service "x" Request Message NNA DSx can be either DSA, DSC, or
DSD. It refers to Addition, Change, or Deletion, respectively. DSx- RSP
Dynami c SEORIT#118450 Response Message Modified PCT/SG2012/000069

[0044] With reference to FIG. 4, the procedure described above may similarly be
applied when the infrastructure station is a relay station as well as a base station as
previously described. Thus if RS-0 4 or RS-1 6 fail, networks 17, 19, and 21 may be

created as part of a failover topology.

(0045] In order to provide continuous network connectivity when its backhaul is
lost, an HR-BS (affected HR-BS) utilizes its relay function to communicate with
another HR-BS. During this period, the affected HR-BS may be using a different set
of physical channel parameters for its subordinate stations. When its backhaul
resumes operation, the affected HR-BS may drop the relay function and provide
network connectivity on its own. The affected HR-BS may switch to its original
physical channel parameters in order to benefit most from any original cell planning

done by the operator.

[0046] Such a method speeds up physical channel search and synchronization, and
eliminates any signaling for conveying the original set of physical channel
parameters. Prior to activating its relay function, the affected HR-BS shall save the set
of configuration of the physical channel parameters. This includes the DL and UL
transmit parameters (Preamble Index/Subchannel Index, PHY profile ID, or PHY
mode ID), BSID, and other TLV settings.

[0047] When the relay function is activated, the HR-BS shall inform its
subordinate stations that a change in network topology has occurred, but the original
set of configuration is saved. The respective subordinate stations shall save this
original set of configuration as well. This includes the aforementioned physical

channel parameters and also SS-specific configuration data.

[0048] The assignment need not be reserved since it only serves to reduce
contention between subordinate stations during network reentry. When the backhaul
resumes service and the affected HR-BS decides to drop the relay function, the HR-
BS shall signal its subordinate stations that a resumption of network service will

occur. In addition, it assigns a unique ranging slot or code to each subordinate station
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Modi fied for informng Failover Station only. DSx- ACK Dynam c Service "x"
Acknow edgenent Message Modified Mdified for informng Failover Station
only. [ON093P12ZHM840t he base station nay be configured t&CTS&ASK2I000089

peri odi ¢ keep-alive nessage or a defined trigger such that

if the base

station fails, dependent stations are capable of detecting the failure,
may be f uwhdmevercpossiblplbefdrd oeliguishingatht akclagvianctidratAfer felinquiblding aker

t opol ogy.

base stat®By Hegiomcteud8nBByshaHeresype | peration; #h anhaser siatiey AN as a
SuBBrdidatPSENIRYS p¥rrb? Fist LA R-dfrySR RS ndA thw Hanfes R sbpyer

base st at
t opol ogy.

and

Li kewi se, the _nobile station may be confjgured.to detect when a

frames. This could be an optimized handover procedure as defined in IEEE 802.16-
2009 or IEEE 802.16m in which the HR-BS hands over the subordinate station to
itself.

[0049] The respective subordinate station who wishes to join the same HR-BS will
listen for the HR-BS preamble (or PA-preamble) using the saved physical channel
parameters. It will use the assigned ranging slot and/or code to periodic ranging (not
initial ranging) so that the contention with other subordinate stations is minimal. It
may then skip some steps of the regular network entry (e.g., optimized handover

procedure) to re-enter the network.

[0050] The HR-BS and the subordinate stations shall retain and reuse the basic and
management CIDs or STIDs that are established while in relay mode so that the
registration phase can be skipped as well. This can be detected in the initial ranging
request messages from the subordinate stations by the HR-BS: the BSID field is the
same for HR-BS (while in RS mode) and subordinate stations, and is pointing to the

previous superordinate of HR-BS.

[0051] In order provide better network connectivity to other neighboring stations
when a disruption occurs, an HR-MS (affected HR-MS) can change its mode to an
HR-RS mode. It may be attached to the same HR-BS, or another HR-BS. During this
period, the affected HR-MS in HR-RS mode may be using a different set of physical
channel parameters for its subordinate stations. When signaled to resume operation
after the disruption is serviced, the affected HR-MS changes its RS-mode back to an
ordinary HR-MS mode. The affected HR-MS may either choose to re-enter the
current new HR-BS, or the original HR-BS. In either case, this method speeds up the
physical channel search and synchronization, and eliminates any signaling for
conveying the original set of physical channel parameters. Prior to changing its mode,

the affected HR-MS shall save the set of configuration of the physical channel
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[0044] Wth reference to FIG 4, the procedure described above may
simlarly be applied when the infrastructure station is a relay station as
wel | as awbase/mssbi on as previously described. Thus if pRESG26120000605- 1 6
fail, networks 17, 19, and 21 nay be created as part of a failover

topol ogy. [0045] In order to provide continuous network connectivity when

its backiauméterslopste orgintReMSndraféceny e IEBPHRIBY ThRsnilhdes @b DL f uncti on
to communicate with another HR-B S. During this period, the affected HR-BS
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t he oper 31RBS, tispafbicted k- MS sheulé savegbe spne et ghyenfigarationamnden thisseme h and
synchroni}ﬁg_tﬂso#,w pd elimnates any signaling for conveying the original

set of physical” channel paraneters. Prior to activating its relay function,
the affected HR-BS shall save the set of configuration of the physical
channel parameters. This includes the DL and UL transmt paraneters

(Preanbl d00TdexMhsBcHigntled t@ qeRsme My gperfipne thepatfestediR-Mi aisepfhe Bs| b,
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or at a c rk

HR- BS shéf Informits inate stations t ange in net

t opol ogy thasumed\ds ppekatitmmay licladd @reseaived et reodbmoendedrangingaiotios csdeved. The
respective subordi nate statiops shall save this original set of
conf i gur AT 1 the greyiousrgetion fog ZErgSonteRlOnf or enent i oned physi cal channe
paranmeters and al so SS-specific configuration data. [0048] The assi gnnent
need not be reserved since it only serves to reduce contention between
subor di nd@@533t alfitbe HRABSIis thensameobeforesmdtafier made switich, ther KRBT STEBuUnes

service and,the affected HR- deci d o drop the,rela ctio t he
R B, onap b& ol e e dediBraion That etk Bork Py chs ob Skibbed 1A wibe ! hoy
servi ce \gefebte@Gs tHe inltial fiding refuest inessage Gidn the HR QWS by aNYHRIBS) §thceOr code

to each subordi nate station
the BSID field will be the same.

[0054] In order to provide network connectivity to other stranded neighboring
stations when a BS failure occurs, an HR-MS (affected HR-MS) can change its mode
to an HR-BS mode for standalone network operation. During this period, the affected
- HR-MS in BS mode may be using a different set of physical channel parameters for
its subordinate stations. When a HR-BS is detected within range, the HR-MS in BS
mode may choose to resume operation as a HR-MS and attach itself with the newly
detected HR-BS. The newly detected HR-BS may be the repaired HR-BS, or a newly
installed HR-BS to replace the failed BS. In either case, it makes much sense for the
new HR-BS will use the original physical channel parameters in order to benefit most

from any original cell planning done by the operator.

[0055] Such a method speeds up BS detection, physical channel search and
synchronization, and eliminates any signaling for conveying the original set of
physical channel parameters. Prior to changing its mode to BS, the affected HR-MS

shall save the set of configuration of the physical channel parameters of the original

15



whenever possible before relinquishing the relay function. After
relinquishing the relay function, the HR BS shall resune operation as a
base st atWOrO®d840| ow subordi nate stations to perform PEFSGAEE2NO0069
re-entry in the next few frames or super-frames. This could be an optim zed
handover procedure as defined in | EEE 802.16- 2009 or | EEE 802. 16m i n which
t he HR- BSellanaimged by théreriginbldiRi Bt Ehessetivf plysical chaablf parpriétés] indlnde

respective su di nat e, station 0 w.she join t S HR- BS wi | |
i sten fdoL ARG CRrEmmF BT R _ @yh%fh}éﬁﬁh?@@é@ﬁsﬂﬁsi cal
channel parmretasde 1HY, BYID, afd Stied TTAZ SL@ASY f@[ﬂRQ@S%Q} aRELLRL sgode to

periodic ranging (not”initial ranging) so That e contention wth other

subor di napecifit @bngizatien dataiundér. the origeml HReBS slinoe wofipurstiepss likely be regul ar

net wor k ent e.gd., opti.mzed handover procedure) to re-enter the network.
i ot B

[0050] T {YBAIK di nate stations shall retain and reuse the
basi ¢ and nmanagenent ClIDs or STIDs that are established while in relay node
so that the registration phase can be skipped as well. This can be detected

in the iPe3El Adiegismitchmgutes BSnewdagasl bperatingén standaldne atetwerkatthons by
the HR-BS...th D field is the same faor HRBS. j in RS mode). and
Subor o nafieeiSh ARAMS WihdtpEet B rEPREec: g0 . Ho chrung oiss T cpub, Bt of
HR- BS. [ Q@Rddctikity.OWHEE iP BS\thé:, BRL AfRictcdeIRVIE c6® PABEHZe/¢Hatnd] Rcatin

nei ghbor i n% stations when a disruption occurs, an HR-Ms (affected HR- M)

can changdth the originel seb ofiphysRaRehampelpardmetensy be attached to the sane HR- BS,
or another HR-BS. During this period, the affected HR-M5 in HR- RS node nay
be using a different set of physical channel paraneters for its subordinate
stati ons.[0047gn Wignad aew!R/BES iyT8eteqied ahd ahe MR-BIS ihBSdinsde detides tes
serviced, the affected HR-NS changes its RS-node back to an ordinary HR- M5
node. ThaCHFCRStWATk-RONISCHELY ¥ia; the mephHEsBSt they affectrdoHRMS bses sared new

HR- BS, or, - 1 Of h@-,@ | i I I(TIB@_ t he
physi cal cgﬁgﬁlr{g?&g%g?%sﬁ an ﬁ%fn@ﬁ‘?&%@%’%‘f@?%ﬁﬁ@dai m hgl?g%agﬁ%s’ g&gnal i ng
for convdR-MS tukes thei grigisdl KRB BSiDyaidcpdevolaiiBl op STHIeh éhe ranfgingdr t o
changing its node, the_.affected HR-MS_shal|l save t S of, configuration
of 't he DAFRETReS e e o3 PR eRG Yo b oAy IRaPS il be ARlsdB ateEy | he
ori gi nal giR-tBe S{R:mssis'd"%i'é’b‘ij&ﬁ ubBrdihat@ okl { faAlMahd RA6 R €6 Skiphr eanbl e
| ndex/ Subchannel I ndex, PHY profile ID, "'or PHY node ID), BSID, and other
TLV set t irelgeant PhasesRithEas nstvork veeentsReyackifavdedging thguangingresperse. 1 f t he
serving BS of the affected HRRM5 in RS node is a new HR-BS, the affected
HR- M5 shoul d save the sane set of configuration under this new HR-BS as

vel |, [ 008638]) Whsincs sgsvadinstetstations uftheMBfeofed 1R INIS in BSemadd aetlgdlyHs- MS uses
the respective saved configuration for fast network re-entry to either

HR- BS. THSUSIEgieAVorkFoppeqivEy Vi bsaeut BB Say Welhche dR-MS eanctrange dor
contentt S im Q0B Hiph dheRopBEE) RS shEorh s SRR ST R0 o,

t hen Cl Dnoessagél beferanthbansdauserchgriny agnimpgthein atithomipasangofg sietswar kK entry

can be skipped. This can be detected ip the injtial rangjng request nessage
fromthe CP&SI\/ETWS%IE%‘“FIFE-@S‘? ngf breeseried HRpt okl VS|t rEsice Renteniiag

between subordinate stations during network reentry. Fast network re-entry can be
supported as well. This is similar to the first case where the HR-BS in RS mode
switches back to BS mode and arranges for minimal contention for its subordinate

stations.

[0059] FIGs. 5-6 show flow diagrams according to embodiments. Fast Network re-
entry is done by skipping a few steps in the regular network entry procedure. The
procedures defined for the IEEE 802.16-2009 air interface and IEEE 802.16m air

interface are shown. In the IEEE 802.16-2009 air interface, normal network entry
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[0054] In order to provide network connectivity to other stranded

nei ghboring stations when a BS failure occurs, an HR- M5 (affected HR-M5)
can chang®¥O0i20e/me4e t o an HR-BS node for standal one net RETISGEPRH0AQ06HN.
During this period, the affected HR-M5 in BS node may be using a different
set of physical channel paraneters for its subordinate stations. \Wen a
HR- BS i s piedeeds eylscanting63rfang ®L ¢HaandiResidblishinB$ 5 raddlE symoh, et obsteintig r esumre

operation_as a HR-M5 and attach itgself with th etected HR-BS. The
new y detodcANdcRoRring SteyL Béram?_éerff-eﬁa?%eéaomeség, gi\%ﬁ égv%r%/almﬁtaﬂe Yed HR-BS
to repl aﬁ%n{b*éf‘edf 4166 FSan Hxaﬁ'bte.*h%E pE Beessirl dﬁﬂhg%asw%oﬂ@?é@nthﬁ?rlx{ he new

HR- BS w use the original physica n paraneters 1n order to benefit
nmost fr orbodniERE 8@f. xR0k the fabtarenwory rdenty byginkh evithperiaticrandiog®8%UoSuch a

and. o) | moRG oulth e MR OHSISFAGn 8 PREaH Bghy CIRRES LCHAF Lo ARSI cal

channel gaf@y %rrﬁessgéei s‘ﬁB?ItdCln&iQﬁE HHthek F3t ARSI fé-(l,%%vy it Qsecabifongtvadh HR- M5

shal | save e set of configuration of the physical Channel paraneters of
t he ori gitmatelevahi BiHhagd drevious €I Doori $i Ikkin ddderser thenBS e ideofifypihetherl

channel par ters include DL and UL fransm [ r Preanb| e
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st andal o etwork, the affected HRRMs will attenpt to reconnect to an

exi sting to resune network connectivity. While in BS node, the affected
HR-M5 can prioritize channel scanning with the original set of physical

channel pgdeaet BY $02. IR oNI/R Ve e\cdiBideBtirse H9ee6t Riks2NE, fehs IR MS in BS
node decides’to resunme network connectivity via the new HR-BS, the affected
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arrange fliak, adcedsrtalk andntirent lidobetoeewo HR-MSseAtlrthe feports ie subtr HRABS.e

stations, via a.signali nmessage hefore the node i t.ch, Ssigning them
wi th uni die srcap,rgpggcogtrgfgne&agg%%gg ?DGTE%SCQS%’} Mn@e%édnn%&b@r%g‘er ved
since it \pOBYSERINES/REP/REBUSHICE HIR-BRIHLMORINWARISHORE WbiAb S withtnl ONS

during network reentry. Fast network re-entry can be supported as well.
This i s dtisnédlarit tcan tselect ithes patbasentrally randt hpdaRiBS path REomationsta thehes back

to BS npde and.arr s for m.nj |, contentiqQn r..hts subordipate

stat i ons.mtf"@ﬁfgléﬁ%e Il:ﬂ%ges %ldzmswf&}w’%f eg?‘ﬁbrgo &i‘gé\f‘ %i ]rs?gotﬁgr gl%‘%d fent s.

Fast Net weuknd SRR sEéctich Bodtferingikbp PIR1BSA The \Webv&RIopdlogylenfoRSatoar net wor k
entry procedure. The procedures defined for the | EEE 802.16-2009 air

i nter f aceamrh¢ pPREmalp2sentite sl thensatipat dhrapgh dhowantrelnmepage EEEN 862, 16- 2009
air intenfageNppORPRI nNetwork entry

[0061] Various embodiments support alternative path management. In first scheme
(Method 1), only HR-BS and HR-MS save the information of alternative path for HR-
MS. In second method (Method 2), HR-BS sends the control messages to the access
station of the alterative path in addition to HR-MS. In third method (Method 3), HR-
BS sends the control messages to the nodes (stations) along the alterative path to

distribute the path information explicitly. The path information at least includes the
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proceeds by scanning 63 for a DL channel, establishing 65 a DL synch, and
obtai ning 67 and acquiring 69 UL paraneters. Those processes 63, 65, 67, 69
are al t erwato2élig4Saunber ed as bl ock 71 and nmay be not bECHSEE8RANAUr i ng
fast network re-entry. In both | EEE 802. 16- 2009, the fast network re-entry
begins with periodic ranging 47/49, 95/97 with the HR-M5 sendi ng a rangi ng
request rdasdpeti¢rROUCGHREQtD (sodvk -aRilidekiatior Ipas ortlss egmestivoulld or stdticat e

whet her fast network re-entry is ushfg, alti)n%iwiﬁgl'h ilhe rel evant BSI D and
previ ous fov0 1} Byt ¢ iupigicadt BB QYN @Bt OHher RETSFATY Pﬁ@vorlre |vs is

resum ng i i GR& ggg

reuse the&)gf%h%n H@%ﬁ%ﬁ%ﬁ?%ﬁ chDri ySlgge tﬁ]%%gst ntgt wo‘?e re entry
t hr ough rsedtiendndpdratiigien, iiflavailebleaAtéach statiopalome thepsb,ge s}(d%illdtbeRsﬂe o

AAl - RNGRSP) 0060] .In 80Q2.16n. ne ave to consider three types of
links, i 1@“‘“&%96 tihop apd ity @Esyi LhBBv‘gﬁ WGRS or HR-RS and its subordinate
HR- RS, access |ink between access HR-RS and HR-MS as well as direct |ink

bet ween HR-MSs that are allowed to perform HR- M5 forwardi ng. Path di scovery
coul d be [606] t Boopgrediththesseaond angl thind apgroads, therfirsemethgd Zasrimlilﬂ!mttrital i zati on.

Furth bet t { d th th | th
o nenr oot foatts et SRS eBns & Teteet R, it ver e Ptb i el and
direct |igakoPinefen iR tMas-offbétwbaEMBRAN { andMRHIRRIM. Methbﬁisa%quﬁfésea scanni ng

control nessages can be based on those defined in 802.16m e. g.
SCN- REQY Fhmeﬂzrest & savingHiRe Bgomeationivd akamati eeipath o additon tsp@iabrgfycumenhr nits

cell, it c eIect th centrally an e _pat nfor tronto
Che | nt orABuMeS T hamafiRidner R BraishAty ¢ B B S R igh Wiih TR

wor ds, Weom3eHsf ipth edigle@tdtiods fdrghél emeﬁm\reqﬁﬂb@hakﬂgc&y&amﬂmyraﬁaw k

topol ogy information can be optionally sent to all the stations through the

control  MpdafingeofPatininfumetipn RERUAOY SXTDFSAYCE/ar | ous embodi ment's support
alternative path managenent. In first scheme (Method 1), only HR-BS and
HR- M5 save the information of alternative path for HRRMS. I n second net hod
(Met hod 2[(1)063!1-IR- Sitice BIRIMS decsntfidentify RRSR8garntivpdrfemaeesakshayiwith of t he

alterative n addition to - In_third netho Met hod 3)., HR-BS
sends theﬂ%gﬁe Hd eﬁ‘é‘?%ﬁ%%ont‘éa{‘ﬁ %Ed% altematiygpath 1 r}ifdﬁéﬁﬂlot"‘r?@matpt%atl ve
path to %§t1rfdhmgs%et1|a@ntﬁ?éahoh Bf ARIRSisQEh £l i hhd phydi&l BRg ﬁbn'c?fl@'is@t' on at
| east includes the dentification of the path (source and destination pair

or the C(ynryeusteﬁxbmo Semdcnhysmdtlcvmi IPlapd/ STEDtth she HB-MRiifithe HR-MRpBdofmay a f | ow)
and ot her ssarﬁF %éh gh gﬁ%@ration information such as BSID/ Cell 1D,
Physi cal ™ “éod ENTY M RYED d00heR station i s operating on, if avail able.

At each station al ong the path, it should be able to |dent|fy its next hop

and its previous ho i f avail abl e. nE£10062] Conpared to the second and third
appr oach [OQG‘H fAﬁglt Bﬁo‘éﬁtﬁ@m‘?ﬁpﬂ’é termadivoipeh faWER-Msit dehvershihiHr- MS

spends a £ is a
trade- of th ngirpﬁﬁaﬁ‘i& %ewﬁo%a@geﬁg?%%%{f r“ %%rﬁggd% igﬁfegst cost
of savi nghdt |ﬁ& mtbﬁ'medliatel Imde@ﬁloﬁg tirerdtatratiee pathlohn saudel bty mforivtativh atithof
current path, Mreover, the maintenance cost for alternative path could be
very hi gﬁe%@Hgf%@l%QﬂSkFlba‘iﬁ of intermediate stations for the alternative
pat h changes dynam cally and the updating of path information consunes
extra resource. [0063] Since HR-M5 doesn't identify HR-RS when it perforns
net wor k ¢0065y WHRRMSRnBBthenfmortitor ahe B8k betwaen dtselif and theHRcBRSing diation

alternative path. infar ti n_sent_.to.HR M5 |nclude the .i |fication of
HR- RS sud®r aalg?“@érvle Haﬁl 83119 Y f%%&én%ﬁ’&%’f‘smrftg 1% e\r,@reg}O%gg P PY send

physi cal f rk entry
t hr ough gh@txﬁ ub&l qeé}%@éz & tSEBTI-II%@BIE %%Pdgpﬁll%gg@dteesg Q{ig@#tﬁrﬁ%e pat h

for HR- I\/ﬁiprmal ajxefatmar HRt—BSﬂ{lb&SksMstqnaphramefem Geog. i BSIDVGell hB, eRribfSset, a
control sages such as RE! e that. t e inter des al ong
The. ol t eI end STBA eIy OTBRDNAhACrP SEHAE (o8 iR TOGPAITE SERF ¢ hi <
backup pg AR-MS for fast recovery.
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[ 0065] HR-MS may then nonitor the |link between itself and the accessing
station for alternative path through DL or UL signals, neasuring either
peri odi caWppowy1ig4demand upon request fromits access PCASGEN2/00§069t | s
allowed to do so, in addition to normal operation. HR-13S/HR-RS system
paranmeters (e.g. BSID Cell ID, carrier set, etc) and some necessary

i nf or mat i[0066]f alpm&ﬁyshatg'ec(ag( pologs ichingerorllink defeidbtion)ehateaffectsaheiR- M5 f or

f ast h t I h | i nk
ot et T o e
then det efg Jﬁﬁn%é‘&nadetcﬁfe%‘ttﬁ z%ﬂ?égée@ggégﬂﬁ }];k aﬁﬁﬁgggcc%’] I‘H(eikl‘ﬁil UirdeP the

measur enent report on rel ay irect backhaul
failure. 1HR-dackhdul $ztude. GHIR- BSnmlbsmﬂrmit tiesmm@é messaggs (QSMDFEBREQD t he

HR-M5 and the HR- n re ej ving the messages, shou/d renove the current
al t er nat i'9dhp &tk MI@H'QH Ba&i% 3> wpan aqcm%ﬁaev@effas% heiﬂ#cre@evgéhﬁ to the

HR- M5 t hr r such as
DSAREQ RSByl AMEERE pRd Tk RBRERY the alébhide ifh SR sdiPRoBa IS

HR- MBS, i tMB8ehrongh scuhi&ms paxhcﬂwp IPR:BS, msﬁr(g theet cantro] ondskagekiRudls asaddSAhe access

station | ternative path via control nmessages, for exanple a
DSA- REQ %‘3&#2&?& he i nternedi ate nodes along the alternative path except

the access station don't store any information with regarding to this
backup path. [0068] The access station may schedul e the |ink nmeasurenent
f or HR- Mf0®&Y] noAiften HR-BE déterminest theealteprtivBpatin tort HR-ME¢ atsdélivgrssthag i on f or

on- demandciB A gHIaCH ol et S08 B PGS VP RaPo B Bl ' '

par amret erpaﬂ{ﬁa Gontfe Inheskdges Cof Exaipl 81DS LREQ. Nile SHAMEheBRABEHAY n'oaéspr mation
of access station (e.g. station ID) shoul d be sent to HR-Ms for fast

recovery aqumbg]altepé%vwh@ﬁm@q gccgss stefin dagyt stREenyy wformatipn datly adat i on)
t hat affq%a??lég?o @H} ﬂg{,hytﬁ path of the HRRM5, HR-BS will then determ ne

the alter The change can be due to the neasurenent report
on relay link, access I i nk and di rect link or backhaul failure. HR-BS w ||
send out the control nmessages gﬁgl}tﬁE(p to the acce s statl on of the
previ ous (98¢t Ehe gresss rﬁé"ct}o\‘?emﬁéit Wh ipkcmeasuggmentolor BROWS: ©cei vi ng

the messagfso E@li'lln}g baweME HRIMIR! LRT B ha@sdid Readibn ! for aﬁeﬂﬁtlbé’g)g in the

alternatlve pat The update of the alternative path shoul d be nt to the
HR- M5 andhrohgh B cersidL ssi gl sp measurinigeeithex mrrmluaa\l/lg qp ankdefriand uphn trémiestewl y

selected alternati ve at h S, USi n cont rQl ssages such as
DSA- REQY @WR&CCCSS[S 9B ka%ﬁﬁﬁ@ s{fBt B geésf Gt WrireesSatn for
HR- M5, Ifew[i%a ¥6thé nE&Hs@r?%%Hﬂat%td'f abeésgrsﬁabh @@ﬁadtﬁﬂﬁ mj)%h&ﬂaibets@mt he M
via contr nmessages (e.g. DSAREQ . In this nmethod the internedi ate nodes

al ong t héo hIBthSn@tfa;séresaYQﬂyu ncl udi ng the HR-MS) should store the
information with regarding to this backup path.

[0069] Upon any change (e.g. topology change or link degradation) that affects the
alternative path of the HR-MS, HR-BS will then determine the alternative path again.
The change can be due to the measurement report on relay link, access link and direct
link or backhaul failure. HR-BS will send out the control messages (e.g. DSD-REQ)
to the access station of the previous selected alternative path and the access station,
upon receiving the messages, should remove the alternative path if it is no longer in
the alternative path. The update of the alternative path should be sent to the HR-MS
and the access station of the alternative path through the newly selected alternative

path from HR-BS, using the control messages such as DSA-REQ/RSP/ACK.
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[0071] HR-MS may then nonitor the link between itself and the accessing
station for alternative path through DL or UL signals, neasuring either
peri odi caWppowy1ig4demand upon request fromits access PCASGEN2/00§069t | s
allowed to do so, in addition to nornmal operation. HR-BS/ HR-RS system
paranmeters (e.g. Cell 1D, carrier set, etc) and sonme necessary information
of accesq0810t i auftet HIRFBSstettiaines Dje ateondtiveletls émnt HRoMSRifVEelivers thast

recovery For 80 m net wor ks, wi t hout, HR- ,forvva ding, this hod is
sane as ﬁﬁ@ﬁ%ﬁaaﬂoq dlone] %R‘ MigecontrR hmegpee (ot tﬁ‘g‘

alternati nk
degr adat |RCI§Q)O Eiﬁ?“&%ﬂ{seh Byg‘é%@e%ag%mﬁ?@m %gf}%at%}gig?\%ag}bggglﬁ%ﬁ%%% change
can be dURMS)s’rhreumnlmmfurmaepthhaagaréhgyo thisbackag paths | i nk and direct

| ink or backhaul failure. HR-BS will send out the control nessages (e.gqg.
DSD-REQ to the internedi ate nodes along the previous selected alternative

path andrgadm 1t hEREMACRIS gu(é,tlﬁ mstiw hﬁmetwe%ﬁqtsuf@ﬁdtﬂkea&% §stiorshoul d

renove the alternative path | is no longer in the alternative path. The
updat e offort dléeradtiverpagh ithreugia D exhbw sigiids, gueasuting elit&mrrp@deélc(ﬂky at bons) al ong

the new y, sel ected alter atlve ath, .includin th H e control
a5 ages SETENT SboHENeRy Fapiiacas dlssaf. ibisctioarap dorsa: it MfeR P of “SPOR
detects aBfnileRRMtnt HIR-BS/ muksosl,ysteﬁgph&q@érg tbr 1% L@én Scatst §@agciR- RSs

using the control nessages such as MOB_N e sub-ordi nate station of

SPOF can andl somg eleecssaranufompmn of hecesﬁpstatu@l (eog tstesiopHDYShewld hegtent tos

downstre it can H rk. ..xh vmsethe
report u%&?@ E%r taé%fec%?yoﬁ?ryg%géﬁn g‘”%? e‘g{ﬂil Pﬁt‘@ﬁgo ﬁlfngo et wor k
reentry wetlbdis siiite BSprdRoBSmettibdnor mal case, HR-I\/S is able to detect it
cannot connect to the network w thout receiving the signals such as

downl i nk synchronization signals fromeither HR-BS/HR-RS or HR-MS (if M

f di j T - i . j ts th
o lure L7230 BBph ngrthned M uREhs BHE Bin8sd Bet?Rr e BRSPS v e
are mnul t iepdrapleoa ntopoloky f eiahgée eor( hﬂﬂ-‘de,gradlaaomuﬁar-BSr should elesdrmirieo |theof MPOF

that is nearest to BS.a t he sub nate station of MPOF t hat near est
to M5 shalifmgaths pah ﬁgatlﬁgﬂtféihéw ‘E?H %7%%%3&%?&%%%@8%?@ If x ed

si gnal s_qbedat linkhencC 802G phiigiil Re1ROTIR-BY Wil deicod e Whuglet ect abl e

for sone period of tine (e.g. a few super-frames), SPOF may deened to
occur. HReB@gan\e.goDSHIRREQ) toi theeintepediate npdds ale@r’thh pieviaust $edectedime  poi nt

of failurg if,.a In this he collectiv ortin sages
romal I 2iraaefobb B8 A et bovleS (ERRGRY Shtvre-iFioeyBe pidiroees Thelle 2
correct eafévd @B altBahtiva pdth MBS iOECI0hE&Gn tHdhlferfR e PatH) The upaae Sf thee action
for SPOF (that will establish the gath using alternative path for the

HR- VS) r alteraptivenanthhsheabd, be, seohite dBe medes (statiang |alpé1gp@p@hn¢vdwl selectedpe set up.
0076] |If f t . bih |
E:onne!:t i ortlérin%t“fel?glngt)g]. %‘?\d"?% ﬁ};ﬁ ?I\}/{gﬁ& H]|§0| %tn&glfru B{}"ISéa e gléénh gl g%‘ebﬁf Z t he

i nf or mat RBY/REPAACK! he stations within its control, e.g. via dowlink. Such
report is helpful to switch the HR-M5 to alternative path for backhaul
access if the HR-M5S requires. In this case the alternative path can be

Fo recontialy TRESBEFHAfE MABR GEROE GRRIR #AIRRATL BE caBuiigre change
HR-BS through its upstream HR-RSs using the control messages such as MOB_NBR-
ADV. The sub-ordinate station of SPOF can also detect and report the update to the
HR-MS through its downstream HR-RS if it can re-associate with the HR-network.
Otherwise the report update is sent out only when the detecting station can do network
reentry with an HR-BS/HR-BS. In normal case, HR-MS is able to detect it cannot
connect to the network without receiving the signals such as downlink

synchronization signals from either HR-BS/HR-RS or HR-MS (if MS forwarding is
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[0077] The report will be sent to controlling HR-BS of the alternative
path. If the controlling HR-BS is sane as the current serving HR-BS, the
above carwPaoiinsssed and t hen the path recovery may be PEFEE2012H0009¢9
controlling HR-BS via control nessages such as DSA-REQ al ong the path to
the access station to establish the path for the HR-M5, by using the stored
al t er nat ipeefopraéd). ThEsup8t-orlitdRe Mbfiorcaf SPEF Heteons et faflude throtigly Udnsdgnals
initialization with HR-RS through either a HR- M52 or a HR-MS3 forwardi ng.
After HRIED 48 pehopslinate siaon\E2 as the access station of current path and
HR- M53 as the access station of the alternative path for HR-M5 1, HR-BS
sends the path information through control nessages such as DSA-REQ to
HR- MS1. [De@rktjdethennhdrhareunojpipkesbine bh flutdMMPOR), the fiparrdrdi)ate sthdorpat h

information is stored differently. thod 1 requir t HR-BS and HR- M51

ave 1 he AMESR et onssitsh CSHS oMb orPBasisH it ROF Bhsieineniet . v

keeps th%§'sﬁcﬁ.¥l&'a&jﬁ‘/r?n ARtdidnber mation. Method 3 instead requires that all
[ of HR-BS,

the stations HR-RS, HR-MS3 and HR-MS1 store the alternative path
information for HR-M5 1. [0079] If HR-MS2 fails suddenly, HR-RS should be

ble t t, in thi it wil i HR-BS and then HR-BS wil | d
e  updat 80T HESHY Wi B8 Thedvodsgnat LA e S ns e s bib g h for
HR-M5 1. giRnbBRe ADICEete@astt 8dsdnd Eeﬂicm‘ 6f WRfe c(arg al fewC@lpeR &RfheO) ISPOrE Si gnal s

to allow HR-M51 to performnetwork re-entry (with mninmal steps and | ower
| at ency enay. baudé¢emeddiedicenr. diR-Bdngiay goldent enultiplegepartsnwish regardiognteithecat i on.

In this examl e - VB1..0 s .al bl.e to detect .the SP it can.search for

the oy ncRraRBof: of RibREicapeab, A i e Ui fbetviSenihe mebul@E RRF, oot | on

(e.g. SFHiIOhe atafBHé hicRdd \tRé Fiilite Pbinbhatd ha?ﬁﬂ) rt@linfigket  cbripéct Reeidionagenent f or
p

alternative path, for a faster recovery of path. The nornal procedure of
net wor k SEOFhasoccpredyBhis decision toigeerndhe actendor YRODIthehwihestablish thest abl i sh

Pori s S PRRe iRyt bie, R, M8 MPMGIC B0t R halRh @b o

alternative path fails to be setup.

[0076] If the failure is due to backhaul connection lost, the wireless connection in
the 802.6n is alive. The point of failure can distribute the information to all the
stations within its control, e.g. via downlink. Such report is helpful to switch the HR-
MS to alternative path for backhaul access if the HR-MS requires. In this case, the
alternative path can be established to replace the current path. Some nodes may

perform mode change to reconstruct the connection to the backhaul if necessary.

[0077] The report will be sent to controlling HR-BS of the alternative path. If the
controlling HR-BS is same as the current serving HR-BS, the above can be ignored
and then the path recovery may be requested by controlling HR-BS via control
messages such as DSA-REQ along the path to the access station to establish the path
for the HR-MS, by using the stored alternative path.

[0078] A HR-MSI1 can perform network entry and initialization with HR-RS
through either a HR-MS2 or a HR-MS3 forwarding. After HR-BS determines HR-

MS2 as the access station of current path and HR-MS3 as the access station of the
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Performranging and automati c adjustnment Negotiate basic capability
Perform MS aut hori zation and key exchange Performregistration, and setup
defaul t sSEOORA18450ws. [ 0080] However, in this exanpl e, PCHEGAI2A00069
re-entry of HR-MS1 is very sinple, as it can skip a few steps, e.g. (a)
scanning for DL channel; (b) obtaining DL/ UL channel paraneters and DL MAC
synchr oniattetriatine rpash fr HRp®ASi1] ¢IR-BSr sungh thetpath 'zﬂfmgmbiahhhrcmgbvmnyrol;t eps;

(c) Performrangi ng and_autqQnatic ad*’é?t nt if it is done i LJehand
(e.g éﬁeSFfF&eﬁ/S‘?PC pey A% REQ deaHR; epdent fih dhe é’BOPo"P can

performr ?n% t g M that

aut hori zatlon an g?.jexgﬁg{rﬂcglg canﬁ |ppe§fé}% g\fﬁg,) orm 1rF'%aéllastratlon
and def alHR-BSeamd ER-MSivsave dhe altematbce Ixidn[apéMﬁhocézpeqinrasd{R{Emaﬂ I f HR-MS
has been .i nf or OF or et ected SPOE, HR- sear hes ItS access
station Nsé%ggﬂ( g’ﬁle G5RE ithee2 E&?WVGIPP%W@%{:I@% &‘8 %‘irﬁﬂuﬁpﬁ BS or
HR- RS, HFﬁa&{%lwh]'elsta?faﬂ@ of HRARCEAER RIS, HR-MENefpvHRemI1f sthIEQh@%ﬁgx%ﬁtn% ation is
HR- M5, HR-M5 w scan ect 1Tnk anong HR-Mss. Once the HR-MS finds

t he accesmtfsmﬁdnmﬁoxpﬁ)r&ﬂkm&b to the alternative path, HR-MS can perform
network re-entry with the controlling HR-BS of the access station of stored
alternative path for a fast recovery of the path.

[0079] If HR-MS2 fails suddenly, HR-RS should be able to detect, in this case, it
will inform HR-BS and then HR-BS will send the update to HR-MS3, which is the
access station of the backup path for HR-MS1. HR-MS3 once received this
information, it can send out the signals to allow HR-MS1 to perform network re-entry
(with minimal steps and lower latency e.g. using dedicated ranging code) to continue
the communication. In this example, HR-MSI1 is also able to detect the SPOF, it can
search for the synchronization signals from HR-MS3 and its related access
information (e.g. SFH or a modified version of SFH) according to the pre-
arrangement for alternative path, for a faster recovery of path. The normal procedure
of network entry for HR-MS1 is as follows:

e Scan for DL channel and establish DL PHY synchronization with the HR-MS3

e Obtain DL/UL parameters (from P-SFH/S-SFH IEs etc.) and establish DL

MAC synchronization

e Perform ranging and automatic adjustment

e Negotiate basic capability

e Perform MS authorization and key exchange

e Perform registration, and setup default service flows.

[0080] However, in this example, the network re-ehtry of HR-MSI is very simple,
as it can skip a few steps, e.g. (a) scanning for DL channel; (b) obtaining DL/UL
channel parameters and DL MAC synchronization may be expedited through
optimizing path recovery steps; (c) Perform ranging and automatic adjustment if it is
done it beforehand (e.g. when HR-MS1 operates in scanning mode of connected state,

it can perform ranging and automatic adjustment with HR-MS3); (d) MS
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[0082] During network re-entry, the steps to scan for DL channels and
establish DL PHY synchronization with the HRRBS/HR-RS (or HR-MS5 if

appl i cabl\&p 20@h1B80done in a faster way with the known $¢ISEARANGRE er s
for the alternative path. For exanple, if Cell 1D and physical frequency is
known, scanning for DL channels can be skipped or expedited. If the HR-M5
had pr eviantigirizati@c and dctyaeddiBngdBRarADY siepsedg €f)i Redforthing registyaionBShd,

Physi cal reugtgsenc , .sonme information contajined in UL-MAP and DL-MAP, this
process rfg&’ e@sz%ee%‘?‘tf%ﬁn Olmrjﬁflléﬂfaéﬁ%ﬁ’ﬁ 8¢ on with HR-BS/HR-RS (or HR- MBS
if applicable) is expedited by the given DL channel information stored

al ong wt e raty i nf;0 } i o[ g pat h
recovery.[B(mg Hﬁjllt_\lg S aqa%%gé}ﬁénﬁ?ﬂéﬂrgdz@%@fﬁga%ﬂ §g§§f swggﬂssgg{c(ﬁ% %e t ar get
access stifstdcoess atuionif atoredhltednstividlpath. df giel RsesoBtatidndsreh ER-BS[GIBR] It is
feasible to obtain sone downlin parameters (from P-SFH S-SFH | Es or

: k (DL . :

even t hr dUyHRMR will seandiior acqepnlinky Othersvise, ifiihe ageepostation $HBMSERt he HR- VB
SwWi t ches t i aa!'ntﬁ teh_ i ) i nk (UL)
par amet erl\él,§ {Vﬁgsﬁh %&r@r{a%ygf’go 0 n%afﬂn{ l?lisg'f ?é%n@@éoﬁg%l%ﬁ y@%éﬁ?\%‘é&gﬁt h

i nf or mat iseation [f208ihing\ot the talternati e patR- NR-M8ncat qeofdem MreBidvtkatkteatryolitlai ni ng
system bandwi dt h_and_pernutajion informtipn in the earl tage from stored
al t er nat it cpBif llp&f%ﬁ'r%ﬁ iogr#‘%\?éﬂesﬁ/i staiont Ofg‘ 0 e%lm@w&néat%&%grae | e

det ecti one. Ak ftB@Eatﬁ'.R'NS is able to skip sone S SFH sub-packet such as

S-Sk -

S- SFH SP3. H sub- packet 1 i ncl udes network re-entry information and
is transmtted once every two super-frames. S-SFH sub-packet 2 includes

initial rk.re-entry information and net i scqovery info tion,
whi ch 1 s (008AS Phag Refoek B @iy M ertIp arnripe hsshapel 8 bttt Ble once
every f oy up@hrddiZdiRe wifl SetHRIES/ARCKS (oSHRONISAF BFpli@BR) BiMBe @6&ent i al
systeminformation. The frequency of transm ssion is not determnm ned but
shoul d bén rroifaster ey fath theueewn rsystes. pBametersaformist altareatyegpath sher packet
is transmtted i -1r ol T | e i Rt o ' can be
captured MRS eblrf(;bde Chaﬁ?] grg ‘?\ g[‘ys\%}%? grfflﬁer%kf%trkgrrg ﬁ’o%?%ﬁﬁé)f%ﬂep\fmc;hg&#éggaﬁ’t ry

pr ocedur @eSkipped obexpeisteer If thé BBSMSHd\preaiddsly aegiiedHRVEB HRBRADW HR- VS
i f applicable) shal] conduct injitial ranging per 802.16m standard if the
initial rMESEASSGNALdinettaget BSHInRhYsIGal Frequeney senRprionpatiQientaiasd/img BSI D,

Servi ng. M MU R STAPT T Hi)Ret AR, LERRIGE T Rab AR o

servi ng MRIBIRHBS/RR-RiSy(or #HpMRIf dpblieghid)iis abpadliteRbyahel gyes IHf cheameing

recei ved . HR-MS. i nf or ion fram serving HR-BS/ HR.RS, target. HR BS/ HR-RS (or
A st R R MR e ST S o L
[0086] AL rebbver! TIY PR -KANEHaNGsyRBKkoAizE A5 BhE DIARhMSIERGMs: of the TRYgeCONt i NUE
wi t hout goi ng through the steps of basic capability negotiation, HR- M

aut hent i @atdssstatiaryamagpdaindtt anddLteagsmissigniparantassedur es i ncl udi ng def aul t
service flow setup, which can be done beforehand during alternative path
setup. [0087] If the target HR-BS/HR-RS (or HR-M5 if applicable) had
previously received alternative path establishment notification for the
HR- M5 fr ?msts?e R8¢ Ha§81HR BRI RRSdOVElink (5L )hrsdthads (rbhem skhps saHget

HR- BS/ HR-RS (or HR-MS if applicable) may al l'ocate one or nore

non- cont éRs poevenabrough somEe procedungithai dsppers thim infomgation before the HR-MS

switches to the alternative path etc) and establish DL MAC. For uplink (UL)

parameters, the HR-MS may also obtain it from stored alternative path information.

[0084] Note that the HR-MS can decode P-SFH after obtaining system bandwidth
and permutation information in the early stage from stored alternative path
information even without PA-Preamble and SA-Preamble detection. Also, the HR-MS
is able to skip some S-SFH sub-packet such as S-SFH SP3. S-SFH sub-packet 1
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[ 0088] The tenporary STID (TSTID) may be assigned if STID of the HR M5
hasn't been allocated by the HR-BS of the alternative path. Otherw se, the
assi gnmerWOaP1MB4L0TSTI D can be ski pped. [ 0089] Net woPKT{SE&2e12{00806%r oceeds
per 802.16m standard except as nmay be shortened by target HR-BS/ HR-RS (or
HR-MS if applicable) possession of HR-MS i nformation obtained from serving
HR- BS ovdhclules hawloklalrt-enfihi iafdrinadowfandl isetrirghiitted patd enayagensapert S
considered optim zed path recovery, the optim zation of path recovery is

A
not avai |{53Nes. SiYFH sub-pagkelchinchidehwitiad mgigyork resertay indorgratign apd PRIWOEK ent ry
bef ore pay; 0 094l - ' 1.0 r - SRILEX) Ry
I ncl ude ﬁ%o?gl%c}éﬁé%&att{ogh%% é@@?m@%@%@ggﬁdevﬁ‘ée&g %’thslb@ercontgtﬁ é%ﬁsi sts
of all candnsgittedt e @ty f|iresupert-franesveS-8FHCsjib-paelletdd reongirsnietraétlingiet wor k
entry or later, via exfg;Rhange of i&f or rratign bet ween .t he HR-BS and HR- M5
(for  exarfsteatiapystegpanieapationy TRedregtienss ph fepuRission | if nebAgtermingd Syt

encodi NgSubEABORrERRIPIuCRRARIERs. ShEe ot ki YHRATISHIE 3 PALkcfGOSI St of

all counters, tinmers, state I ne status, data contents (e.g., ARQ
wi ndow) . tianam#tedtin @supdratase, ifdll the neegssargafotmatanf ¢agbeahptoredparseored er s, are
consi dereqd dynam c, context until copplete, which b n.i s considered
Sati o cOUEETe pabeTpEsian Mepeniitas ety phcesye Holdhasta o at ¢
context. For fast recovery of the path, it is helpful to exchange key

i nformati on of the HR-M5S between these two HRBSs. [0092] Dependi ng on the

anount of that information target HR-BS/HR-RS (or HR-MS if applicable) may
deci de t q088G]p HReMS$ asbtaeget HRMBSYHR-R S (droMRANSNi€ tapplidabkehtshall sorefust 1)

Negoti atl on Plnoas pér 65 6 sahisd ifthe Talannag hasdt bl A SFHR-Ms
RNG-REQ includes serving BSID, then target HR-BS/HR-RS (or HR-MS if
applicable) may make a request to serving HR-BS/HR-RS for information on the HR-
MS over the backhaul and serving HR-BS/HR-RS may respond, if applicable.
Regardless of having received HR-MS information from serving HR-BS/HR-RS,
target HR-BS/HR-RS (or HR-MS if applicable) may request HR-MS information
from the backhaul.

[0086] After it performs ranging and automatic adjustment, it may continue without
- going through the steps of basic capability negotiation, HR-MS authentication/key
agreement and registration procedures including default service flow setup, which can
be done beforehand during alternative path setup.
[0087] If the target HR-BS/HR-RS (or HR-MS if applicable) had previously
received alternative path establishment notification for the HR-MS from the serving
HR-BS/HR-RS over the backhaul, then the target HR-BS/HR-RS (or HR-MS if
applicable) may allocate one or more non-contention-based initial ranging

opportunities.

[0088] The temporary STID (TSTID) may be assigned if STID of the HR-MS
hasn’t been allocated by the HR-BS of the alternative path. Otherwise, the assignment
of this TSTID can be skipped.
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3) TEK establishnment phase 4) REG REQ nessage phase 5) Unsolicited REG RSP
nmessage phase For exanple, it nay be convenient to skip the negotiation of
basi ¢ capabi2p1Z 118450 [0093] The station ID, if not all @eESG2O12/080089 n f or
alternative path, should be sent to the HR-M5 and the access station, if
required. Note that station IDis unique only to an HR-BS. In the case that
serving HR-BS/HR-RS is different fromthe controlling HR BS/ HR RS of the

alternative path, the serving HR BS/ HR-RS shoul d ne((i:]ot iate with the
cont rol | i(AGSHIR- BSrEmkREs-eAtry ruoched® Reat BU%IGm: sandard aeXseplq @8 ®@%t Pon | D,

[ 0094] | i eyl F - - ] an UL
bandw d?ﬁh?xg%etaﬁ; ns #ég%%@ﬁwéﬁﬁg;wg%q&lﬁg? vmetgﬁbﬁ:tl %tkalfg{s:gé%ned STID
header, \infohaatioraottainte fifompseriag ¢HR BSnaker tichbackhpud sThif type dffadtetdRtiMS by

setting the Unsolicited bandwi dth grant jndicator_in an RNG RSP to the
HR- V. [ (Redsmanggegent ésg?oé‘tsﬁdﬁ’fqdcﬂpt%ﬁ‘tdq Bath reqoperyq df teonvayzafion ftpathhed

‘é“p:ﬂh?g; bﬁg&ﬁvgﬁz RNbt laPaifHIE GC dnY S X RNthB GioBh SCoro KARPE B AGHRLE NGty | T

before path recovery.

[0090] HR-MS information (or HR-MS context) may include static context and
dynamic context, where static context consists of all configuration parameters that
were acquired during initial network entry or later, via exchange of information
between the HR-BS and HR-MS (for example, all SBC-RSP and REG-RSP
parameters, all service flow encodings from DSx message exchanges, etc.) and
dynamic context consists of all counters, timers, state machine status, data buffer
contents (e.g., ARQ window). Transaction states, which may impact configuration
parameters, are considered dynamic context until complete, which by then is

considered static context.

[0091] Security context is always considered static context. For fast recovery of the
- path, it is helpful to exchange key information of the HR-MS between these two HR-
BSs.

[0092] Depending on the amount of that information target HR-BS/HR-RS (or HR-
MS if applicable) may decide to skip one or several of the following network entry
steps:

1) Negotiation of basic capabilities

2) PKM authentication phase

3) TEK establishment phase

4) REG-REQ messége phase

5) Unsolicited REG-RSP message phase

For example, it may be convenient to skip the negotiation of basic capabilities.
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[0096] In the case of HR-BS failure, the path cannot be established by the
failed HR-BS with the alternative path. The controlling HR-BS of the

al ternat iwe2pe¥Hn8450r the HR-M5S may poll the serving HR BETHG20R800480 MS
regularly. Once the serving HR-BS is detected as failure, the controlling
HR-BS of the alternative path should indicate to the access station al ong
t he al ter[ﬂé@j]veThatsdatlmeIa,dl{fhbt dllveveded wetnin foralesthativeqiatt, BeoutiRbé/Serdte t 0

HR- BS f ai ure For anple this target access statjon _my all ocate t he
dedi cat edh? &%y o6 Ftiom WESQER N thpfetiationelp SHnEIUERPlY fQ

associ at e} ﬁﬁ'és '19 h cANOLPLL S IR ARIRR-RE OGIHBLK £ERIAE YoRldifhg SPOF

[0097] Contention free rangi ng ring network re-entry may be ac ved
wi t hout rHR@GS/HRI-RS otffthe ahgnaigve patk sthessedesg HRO-BS/HR-R 3 shqrié wiegotiatsect i on.

However , ddi ti o on is.re i ed at the serying
'R BS/ HRORS g contrallig yﬁwﬁ%ﬁéﬁé&wﬁ?a @natf arunél}lsrsgﬁt@a rdi nat e
station, the HR-BS/HR-RS pre-allocates it wth a unique rangi ng code of the

target HR-BS/HR-RS of the alternative path. Note that the ranging codes are
not r eser[O%ﬂ]at Duhieg aktverk @hiry,esepang HRBBS/HR-RSHR-MI mg)aatlamteeni Ulhat there

Wil | 0 n_anon or esta ur|n net
re- entry é’fl‘?‘@&%gﬁz?@f’ﬂel@s‘gﬂe gggﬁ??é‘q SToGYeE )UWI% ?g? &nﬁ)[bls(peed up
net wor k m%a&e@t\Whout QO RhtiAM-bSed HahdWidh feﬁu@di'tﬁfo}‘n {0 M %Z%@tti‘n?fﬂ% mat i on,
t he new path |1 be established for the HR-M5 switching the path

stations lémghgtqdd)andlwmh Braptindisiatos imeamRNG-RSPue ¢he HB-MBor ed pat h
information or the delivered path information sent by serving HR BS or
controlling HR-BS. [00100] The present invention nay be enbodied in other

speci fi c (@95 withagistdapnedmptd (P aldress By bé tetfihe® $5tBOEH @ange and
characteristics. The described enbodinents are to be consi dered in all
respect s IBapgnestvity sandie alsq skippedgecordingly if eprlicablphe scope of the invention
is, therefore, indicated by the appended clains rather than by the

foregoi ng description. Al changes that conme within the nmeaning and range
of equi vi0easdy bf thehese bfHRsBArfailire, the it caned beiestablisHell iy thedaipel ~ What

's clal r’red lB% with the alternative path. The controlling HR-BS of the alternative path for
the HR-MS may poll the serving HR-BS of the HR-MS regularly. Once the serving
HR-BS is detected as failure, the controlling HR-BS of the alternative path should
indicate to the access station along the alternative path to admit the network re-entry
of the HR-MS due to HR-BS failure. For example this target access station may
allocate the dedicated ranging code to the HR-MS with the specified STID and its
associated Cell ID to shorten the process of network reentry after SPOF.

[0097] Contention free ranging during network re-entry may be achieved without
reservation of ranging codes as described in the previous section. However, an
additional preparation step is required at the serving HR-BS/HR-RS for its

subordinate stations.

[0098] For every subordinate station, the HR-BS/HR-RS pre-allocates it with a
unique ranging code of the target HR-BS/HR-RS of the alternative path. Note that the
ranging codes are not reserved at the alternative path. But it is still guaranteed that
there will be no contention among the subordinate stations during network re-entry

after SPOF since the ranging codes are unique. This will speed up network re-entry.
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1. Ainfrastructure station in a cellular nobile comrunication system the

infrastructure station conpri sing: a infrastructure station core
conf i gur aNOt20120M84s de | nfrastructure station functi onal PCF/SGE0R/0p06GY al ity
of dependent stations; a topographer configured to discover a network

t opol ogy and designate a failover topology fromthe network topol ogy for
use in the event that the infrastructure station fails thereby no | onger
bei ng cage®dyg onfier aretwbrkgre-¢iftryaasing cstored iaforination,f theciévoraith twillt be t he
plurality of dependent stations, the failover_topology conprising failover
st at i ons;estghlished forsthgc RRoMS, switehingi thgr Batht JheestrtipniSc sngaging &iR#h t i ni ng
estimte . L i t.at 100 t. rk
reentry ZeF@{e)lrl m%r@ﬁ?hﬁ?z?ﬁ% ‘LétB{sé? taﬁbﬁlﬂ?gﬁfﬁbe&itg‘g gﬁl(rl)lf%rgdrjﬁt e{ﬁﬂ)trrl%jrgﬁ% net wor k
entry. 2entByservifig HR-BS ok uomtralligg HRAB&S cl ainmed in claim1l, wherein the
infrastructure station is configured to process a SBC- REQ nessage from a
dependent station when a dependent station perfornms network entry and
request s [PP¥Q03st Fhg piesentsinwention may be ieabadicdyins othen spgeifichforms tvithoptir e

stati on, . - el |0g: I : i is
capabl e c‘# B el ggﬁ ogﬂﬁga%ﬁ?%\s/%%%g ngi? tl %%?dc%s{lﬁghkﬁg srcglgtB (?g%tﬁ gélg& éﬁsa%rlgébn as

cl ai ned ibe cvayiderd iafalt kapsds bnk; asiibusaative, motlirestigstdrel Mhetdeeperof oy k

t opol ogy, the infrastructure station is caqnf i,gureg tt}01 periodjcally instruct
dependeninenien i shereforse irdicated biniefppeided claims gather am§y.t.‘ge GROMEN | e
coneur r eklofiphiBA! AH AL ARRCRHRN bithirP ik ASmEAPAR £infl oPRUMGaEAL) YT
stations to Fisten for e set of ranging codes an 0 report ary resulting
nei ghbor titk daimsaare esbdanlratal wikinithdir kepe.uct ure station. 4. The
infrastructure station as clainmed in any one of clainms 1-3, the
infrastructure station further conprising a | egacy nodule configured to
announce the failover stations to dependent stations having | egacy

har dwar e.
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5. The infrastructure station as clainmed in any one of clains 1-4, wherein
the infrastructure station is configured to informthe fail over stations of
dynam c sEOIRA1IBequest s and changes affecting radi o re®6USGRIRIDGSAL | on of
each failover station. 6. The infrastructure station as clained in any one
of claims 1-5, wherein the infrastructure station is configured to maintain
mul t i castWhataspkimedliscormuni cate the nulticast groups to the fail over
stations jn the failover to olq . T..The infrastructure station as

cl ai med ilnlxawgaﬁtﬁé’“&e stafign H\Ea §e 81?{&% I ompnicaion ¥t Meir e station is
configurqgﬁagm@ﬁﬁeggti@l%&ﬁxg&y . station in a failover topology. 8. A

nobi l e station 1n a cellular bil e conmuni cati on system the nobile

stati on conpinfsistrgcture stationmbid evndigateddo pooide infmsftiupture dtation pr ovi de nobi | e

station functionality by assqciating wth a base station; and a failover
station éﬁ?‘fi‘o& itﬁﬁrpé‘HXIBtéf‘%%S?ﬁnéﬁm 10Nt at i on functionality to a

plural i ty_of «5RBesfeonfibaicl 403iskdek B ReBN AR ooly dnducliphirt & oVt 0n i o

instructed to act as a base station as a result of a base station failure.
9. The nubpdlegysiramitbanetyotk wpalegdy ifor use i the@yentitbatéhainfiastruabirielstationat i on i s

ctati on AUHPFERARP SyPEeT BHPECHHOE Cemy one ersrarroor SO cat i ng
that the (5ol glfrafity?df RPeddentaidts othe faiRsen@pdlobficbRpAsinp &R vet at i on.
stations; and
a synchronizer configured to periodically provide timing estimates of dependent
stations to failover stations such that network reentry after infrastructure station

failure is shorter than normal network entry.

2. The infrastructure station as claimed in claim 1, wherein the infrastructure station is
configured to process a SBC-REQ message from a dependent station when a
dependent station performs network entry and requests infrastructure station
functionality from the infrastructure station, the SBC-REQ message indicating that the

dependent station is capable of being a failover station.

" 3. The infrastructure station as claimed in any one of claims 1-2, wherein in
discovering the network topology, the infrastructure station is configured to
periodically instruct dependent stations to perform ranging with a set of ranging codes
while concurrently instructing dependent stations capable of being failover stations to
listen for the set of ranging codes and to report any resulting neighbor discoveries

back to the infrastructure station.
4. The infrastructure station as claimed in any one of claims 1-3, the infrastructure

station further comprising a legacy module configured to announce the failover

stations to dependent stations having legacy hardware.
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10. The nobile station as clainmed in any one of clains 9-10, wherein the
nobi l e station is configured to performranging with a set of rangi ng codes
when i nstwWoebedlis40do so by a base station. 11. The noBCIrS8GLOIANDEGY as
claimed in any one of clains 9-11, wherein the nobile station is configured
to listen for the set of ranging codes and to report any resulting nei ghbor
di scover i 2 hbafkastractardssttonsdsaldimed whaty onesdficikiine d-4, ovhdeeis theby t he base
station. . _12. The npbi| e s%ation as clained in any oqe of clains 9-12,
wher ei n tiRBasipIsiure station Isganfigured i § edylaysr statidns of dyBAPIGSEBHCS egar di ng

dynam ¢ | | [ I n the event
that the "eaieefant SRR, salaledafic Mol Al Rl B B D o asul ¢
of a base station failure. 13. The nobile station as clained in any one of
clainms 9-13, wherein the nobile station is configured to majntain

i nf or mat iGnl 50 tmceggﬁtaa?%&b%lalﬁefﬁlaggyeye9 aifri J-yhereipdhs on core in the

event thgpgh c@@éth@oék%%gﬁgﬁkitd ﬂ?%’idﬁ%h‘gx‘i’triréggﬁ §Sﬁps3a?1df%oﬁﬁ1§ﬁ1icc°ﬁft@&1ie°n as a

result of a base station . e station as almed in any
one of clmultisas®gibtps whthe dailovehsatimisiih éhesfhddventopodogyonfi gured to det ect when
a base station depended upon by the nobile station has failed and act as a
base station if previously instructed to do so as part of a failover

topol 0gy.7. e infladiRRidrestatiéh AONaihiedan a8y b & cIARRI1-6 WwiRiEHmEat i on system
the nobil e station conpri sing: a noblile station core configured to

pr gvi de rnfstmcarestatiom iseonfiguwedia dof ahy falyenstationrig afhildventdpelagyst at i on;
an
8. A mobile station in a cellular mobile communication system, the mobile station
comprising: |
a mobile station core configured to provide mobile station functionality by
associating with a base station; and
a failover station core configured to provide base station functionality to a

plurality of dependent stations in the event that the mobile station is instructed to act

as a base station as a result of a base station failure.

9. The mobile station as claimed in claim 9, wherein the mobile station is configured
tosend a SBC-REQ message upon network entry requesting base station functionality
from a base station, the SBC-REQ message indicating that the mobile station is

capable of being a failover base station.

10. The mobile station as claimed in any one of claims 9-10, wherein the mobile
station is configured to perform ranging with a set of ranging codes when instructed to

do so by a base station.

11. The mobile station as claimed in any one of claims 9-11, wherein the mobile
station is configured to listen for the set of ranging codes and to report any resulting
neighbor discoveries back to a base station when instructed to do so by the base

station.
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a failover station core configured to provide relay station functionality
to a plurality of dependent stations in the event that the nobile station

i s instruwbedizasaot as a relay station as a result of achaseoRtoasteon
failure. 16. The nobile station as clainmed in claim16, wherein the nobile
station is configured to send a SBC- REQ nessage upon network entry
requesting base station functionality froma base station, the SBC REQ
nmessage i ndicating that the nobile statign is capabl e of beln a fail over
rel ay st dii bhe m@ge stefien (#p Blairaedsinany one 9§ clajmg ?rég whergiythe gob, 3# cl ai ms

16-17, n i i .mation
regar di ng?aél%hésn%%?gqp é\i}ltégna?‘gglhésﬁrﬁl? %@P&%@%&nﬁ% W&%g‘% E{{a Ion core in
t he eventusé bathd fadoveplsiation sbretih die évent thatttherlobile bratiow is ingnmtedgbayt st ati on
as a result of a base station failure. 18. The nobile station as cl ained
in any oréabpseytationsas egest of pease sigtiom &iNEDi | e station is configured to

mai ntain i nformati on on nulticast groups for use by the failover station
core in the event that the nobile station is instructed to act as a relay
stati on dS$. @he¢ eobil¢ stafiorn abalkinat imtangront af tlaines 9-13 9whérhim thehiobde st at i on as

clalrredlnanyo of clainms 16-19, wherein the nobile stati nis
conf i gur SHIPB 14N edrie maintpindpfognaignyn gupeAtesotns S W%t € mobi | e

station Bag, ks ?@&h ?&9 ik ePentdh t%@%oﬁﬂe%tht%h lgfmd%@eéu%&tm laatd ucted to
do so as part o al over topology. 20. A nethod for naintaining

per si st estationasanésokiof abasestatiom feilenet of a base station failure in a
cel lul ar nobil e comruni cation system the cellular nobile comrunication
system conprising at | east two nobile stations and a comuni cati on network

for proviidi TRe RoBRE¥ELE a6 LI SPRRAG bhe 8f BIRINERN4 ! RRerain th€/wbile wo nobi | e
stations via at |east one base station of the comunication network, the
met hod c@tation &4 q:‘glﬁgured to detect when a base station depended upon by the mobile

station has failed and act as a base station if previously instructed to do so as part of a

failover topology.

'15. A mobile station in a cellular mobile communication system, the mobile station
comprising: ‘
a mobile station core configured to provide mobile station functionality by
associating with a base station; and
a failover station core configured to provide relay station functionality to a
plurality of dependent stations in the event that the mobile station is instructed to act

as a relay station as a result of a base station failure.

16. The mobile station as claimed in claim 16, wherein the mobile station is
configured to send a SBC-REQ message upon network entry requesting base station
functionality from a base station, the SBC-REQ message indicating that the mobile

station is capable of being a failover relay station.

17. The mobile station as claimed in any one of claims 16-17, wherein the mobile

station is configured to maintain information regarding dynamic service requests for
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di scovering a network topol ogy; designating a failover topology fromthe
di scovered network topology for use in the event that an infrastructure
station f&DI281¥N84S6by no | onger bei ng capabl e of provi dPEF/SGA&R/089082 | on
functionality to a plurality of dependent stations; provi di ng fast
network entry information such that network reentry after an infrastructure
st ati on fige bytlee fadoedratation cotean threosvient thatthewmrdbile statipn isainstructedstbact ng t he

fail over topol o é'i n a di sfrl bgted manner throughout the cellular nobile
comuni cé‘tsiadﬁla¥g tighps a sepult pfa ﬁ%?t%’d’ng'ﬁﬂ‘trfiai m 20, wherein fast network
entry information is reconmended rangi ng codes and slots. 22. The nethod
of claim 20, wherein fast network entry information is estimated timng and
power . 133Thd@mebilestaticn af ckimedin2iy onkef elaims 1 @1 Bjnghdrbia thamlobiler t opol ogy

in a distributed nner throughout the cellular, nobile co i cation system
| ncl udes SEISPTH GBI AT BIGEIARGR ST aus RN Eat i on and a

mobi | e stegidvRPstation core in the event that the mobile station is instructed to act as a relay

station as a result of a base station failure.

19. The mobile station as claimed in any one of claims 16-19, wherein the mobile
station is configured to detect when a base station depended upon by the mobile
station has failed and act as a relay station if previously instructed to do so as part of a

failover topology.

20. A method for maintaining persistent communication in the event of a base station
failure in a cellular mobile communication system, the cellular mobile communication
system comprising at least two mobile stations and a communication network for
providing a communication connection between the at least two mobile stations via at
least one base station of the communication network, the method comprising:

discovering a network topology;

designating a failover topology from the discovered network topology for use in

 the event that an infrastructure station fails thereby no longer being capable of

providing base station functionality to a plurality of dependent stations;

providing fast network entry information such that network reentry after an
infrastructure station failure is shorter than normal network entry; and

storing the failover topology in a distributed manner throughout the cellular

mobile communication system.

21. The method of claim 20, wherein fast network entry information is recommended

ranging codes and slots.

22. The method of claim 20, wherein fast network entry information is estimated

timing and power.
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24. The nethod of claim 20, wherein storing the failover topology in a
di stributed manner throughout the cellular nobile communication system
i ncl udes WO@P12d845pe fail over topology in an infrastrucPGTEG2OAVEGY a
nobil e station, and a failover station.

23. The method of claim 20, wherein storing the failover topology in a distributed
manner throughout the cellular mobile communication system includes storing the

failover topology in an infrastructure station and a mobile station.
24. The method of claim 20, wherein storing the failover topology in a distributed

manner throughout the cellular mobile communication system includes storing the

failover topology in an infrastructure station, a mobile station, and a failover station.
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