WO 2012/ 070044PCT/ 1L2011/ 050022 1 ARCHI TECTURE AND METHODS FOR TRAFFI C
MANAGEMENT BY TUNNELI NG I N MOVI NG HI ERARCHI CAL CELLULAR NETWORKS 5REFERENCE
TO CO PENRDNG 2ARRI4K CATI ONS Thi s application clai necpaLmni/oipofr om U. S.
provi si onal application No. 61/417,049, entitled "Architecture and Met hods
for Traffic Managenent by Tunneling in Hierarchical Cellular Networks",

filed Novenber 24, 2010. 10 FI ELD OF THE | NVENTI ON The present
i nvention rel ates general ﬁlqﬁﬁto conmuni cati on swéstems and nore 15
part i &ﬁﬁ%ﬂT%CTléR%&q METHARE AR T RORFISYMANAS EMEAGIEBUNNEEING IEMOMMRT ON

Many cel | ul ar comuni c atlERAREHIGAE ICELAUEARNWAVVORKS. hi er archi cal nobile
systens as described in United States Patent Nos. 5,657,317 to Mahany et al
and 205,729,826 to Gavrilovich. Some varieties of conventional
tunneling are described in Wkipedia' s entry on "tunneling protocol".

Some varieties of conventional encapsulation are described in Wlcipedias

For Tobb! 6 Commivi EXHNSTE ot GE¥bING APRRERRIONTS, oe of %A = 0e

publ i cations and patent docunents nentioned in the specification, and of
the publications and patent docunents cited therein directly or indirectly,
are hereby i ncorlptr applcatipnr efagme nprority Wop0 18/ 7 powis@ipl 1aprdicali@s 0¥e.2

61/417,049, entitled “Architecture and Methods for Traffic Management by Tunneling
in Hierarchical Cellular Networks”, filed November 24, 2010.
10

FIELD OF THE INVENTION
The present invention relates generally to communication systems and more

15 particularly to mobile communication systems.

BACKGROUND OF THE INVENTION
Many cellular communication networks are known, e.g. hierarchical mobile
systems as described in United States Patent Nos. 5,657,317 to Mahany et al and
20 5,729,826 to Gavrilovich.
Some varieties of conventional tunneling are described in Wikipedia’s entry on
“tunneling protocol”.
Some varieties of conventional encapsulation are described in Wikipedia’s entry
on encapsulation (networking).
25 LTE and Wimax are known standards for mobile communication networks.
The disclosures of all publications and patent documents mentioned in the
specification, and of the publications and patent documents cited therein directly or

indirectly, are hereby incorporated by reference.
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2 SUMVARY OF THE | NVENTI ON Certain enbodi nents of the present

i nvention seek to provide an architecture in which the relay nmanager and
encapsul avpap124rigl4he nay be | ocated at the core and, asP&RILWNBIN2esS, as
application server or as Si-tunneling2server. Certai n enbodi nents of
the present invention seek to provide tunneling which supports
differentiation of a network control nessage fromuser's data nessages e.qg.
by using GPRS tunneling particularly designed for cellular phones.

Typi cal Iy, suchSUMMARYZWQFSTIBENVENTIOND change in the anchoring point of
the nobil e device which is 10being tunneled to. Certain enbodi nents of the
present invention seek to provide encapsul ation which is operative to deal

wi th dynam c t opehsidenibddindéntd 6MBE pads¥ntdh6GRioN 86l RSrovide an ardhite@GfeGhdance
with an aspect of the presently disclosed subject natter, there is provided

a hi er ar chivbigh the relay amanagestaachedeapswliatien angine may disi bocatedAkhe: ¢ase and, s
t 5 L k | udi d d
SyStem4S WRBhulER% B GEBR SIS £ AR DSLNRLK e Ui ng nodes: and

each relay opera 0 perform encapsul ation

and de- capsul at Ceﬂa,lhrwﬂbiﬁlmaénof ﬁieapteéeﬁﬁaiveﬁh@t sdeR )t pBovideVRinntlgnwhith
relay, of a hierarchic tre I n_accordance with an enbodlnent of
the present¥BPOHF étfreé@wngmsf a detweak ceptrol ymgspage; from usgris dlak raessgeas - by

conpri si ngygnd U(PPE!;' fhﬂnﬁﬁ{ﬁcgﬁrtﬁﬁﬁﬂgr&es&é‘eﬁ Nfor C@eﬁl‘ﬁnlﬁe 35, @pg%ﬂ S)é NSich

net wor k. n accor ect of esent | osed

subj ect matundeling sigiperts sapid chiamgke dn ahd) ascharing ipoait ocfehd tobile slysite mhildf isni ng a
hi er ar ﬁ(ﬂl c,eUTRAN tree, the systemincluding conventional elenents of a

hi er ar Bi cBfingsmngledfo.net wor k: and a Tunnel | ng Server as part of the Core

Segnent of the @%ﬁﬂ?ﬁ%nb&ﬁrh@n@%‘f%@'%f%@nﬁ"ﬁ&v@n@dh SEROR mﬁr%@fdeoénck&%ld%ffoﬁse”t ly

di scl osed subject matter, there is Ided a systemwherein at |east a
portion of whivh is operefivetg dealrwigh dynanu¢ topobigyy tapd/os tenposdre dissenectomsndar d

the SO i nter f albreep iRt BFARAPR o P SO oD DG PRl

di scl osed §H§ind%ﬁta hiBlatical 3@ IlAeNyStemSddfinidg £ hicPirehit @Wmm&%eﬁb\é@ﬁérﬁ' n at
| east a portion of the tunneling server functionality is located 1n a

di stri but edlcml}nga@ hiemarclgialj gellular aetavosle ingdedinginodesasnd 8 dmpneiBsSubsystetne Cor e

Segnent . 1ns1 eoel'a%{n %1919 4%5(3%'1- 1vleL OO%éLr/f'o%erO(QIlZc%psulatlon and de-capsulation inside each

relay located at layers lower than the relay, of a hierarchic tree.

In accordance with an embodiment of the presently disclosed subject matter,
there is provided a system comprising a Tunneling Server as part of the Core Segment

20  of the network.

In accordance with an aspect of the presently disclosed subject matter, there is
provided a hierarchical cellular system defining a hierarchic eUTRAN tree, the system
including conventional elements of a hierarchical cellular network; and a Tunneling
Server as part of the Core Segment of the network.

25 In accordance with an embodiment of the presently disclosed subject matter,
there is provided a system wherein at least a portion of the tunneling server
functionality is located as a standard Application Server interfacing the Core segment,
connecting to the core by the SGi interface.

In accordance with an embodiment of the presently disclosed subject matter,

30 there is further provided a system wherein at least a portion of the tunneling server
functionality is located in a distributed way at the S1 interface between at least some
eNBs and the Core Segment.



3 In accordance with an enbodi nent of the presently disclosed subject
matter, there is yet further provided a systemwherein at |east a portion
of the tuwoebixgowerver functionality is |ocated in a dipsTaLfat/eworay at
the Si interface between all eNBs and3the Core Segnent. 5In accordance with
an enbodi ment of the presently disclosed subject matter, there is yet
further provided a systemwherein all of the tunneling server functionality
is located in a distributed way at the Si interface between at |east sone
eNBs and the Coile aSegdarct.witln ancudrodines ofi the presentijp disclosed satfjedt hratter,

presently sclos ubj ect. tter there is yet.further pravided a
syst em whe fﬁlsab(q FRE FXSFFé"éng‘F(Fé? at oAt @ ROty ¢ E’f’gu‘ﬁ}?g%é‘if"?

di stri but equy@¥nality ifRcsted i h BidtAGRePRaYPALhead 1 intd¥BRe aﬁeiw&aealpeﬁesssmmnt
I n accordance vvlth an aspect of the preSently disclosed subject matter,
there is ydhe €oretSegment: ovi ded an apparatus for data transm SSI on bet ween

two nobil e stations at a 15 ,hierarc 1ca| ul ar tvvee

o eraroni car - A8 Rethate SHD AR A e Rrpt atloted R iR or
out si de It,thdrei:sl flﬁﬂleﬁ Twmaa lal §@teRREYSIEAN ¥F thOhidnbley mmcué@l{t?ig )
base station ( and a Tunneling Server at the Core Network

| n accor darfesateg i ltlhfl élﬁtﬂéﬁﬁddwmﬁtthéfshln@rfp%s@ﬁWF@ atileast ceme eBlitsj end theat t er |
20 there |§:0¥gF érﬁéntther provi ded an apparatus wherein the tunneling
subsystemis a ‘Radi 0 Access Networ k/ eUTRAN. In accordance with
an aspect of thén peasaaick ywith aﬁlsﬁmlrﬁmjcﬁ’qhe Paéseatly disoRsed s@ojyc@tmitt&t her

provi ded a nobil e hase statiagn neric architecture includi n%'
tSG‘b‘gg%‘

| east $8ne thare i seaémgpmgieélarﬁxs einll gdhetugpelingservey Bunptipeat
between th 5, T t Kk m
typically E%Er?f)erﬁl 1gles dﬁm&l‘ | n%ﬁafgfné%%ﬁg%e?ggﬁﬁ%ﬂ % geﬁ%g;saeﬁsjtage{ ?gﬁe (MBS)
to a base S$egmemn or ot her m)bi | e base station (MBS). For exarrpl e the

backhauling lin subs stem. co ri an LT ccordance
with an embodi mimECERAN "5 ofi e Pbeeeaﬁsglgﬂeiee wex%maﬁee Feie is
yet further.phonkdsdviaid ﬁxﬁ’gﬁ% S foMASF 1A hiRiod bBRAlch o TR SEBRCATPT | Ses
an 4G nobi I e base station specific 1 nplenentation

accor dabce lmrarmhhlaai c@ﬂblad nqumtrk of betiveerp M eha hgeradclscdl @sﬁdasu:ti})vedt ambartyer |

e s 2 b e 3R BB e Shhnt e S R B S
functi onal inhduee; 4GQe. b@%&@ﬂaﬁ&ﬂadMBS%x%MéNBﬁ%d AURINEhe DGV diitRCBR and
encapsul ati on. accordance with an enbodi nent of the presently

di scl osed Nedyvedkt matter, there is yet further provided an apparatus

conprising an g ralllcct:oer atm%[a evwftl?ranle%bog{rr%r{t o '&1@ %resently disclosed subject matter,

20  there is yet further provided an apparatus wherein the tunneling subsystem is at the
Radio Access Network/eUTRAN.
In accordance with an aspect of the presently disclosed subject matter, there is
yet further provided a mobile base station (MBS) generic architecture including at least
some of a Backhauling Link Subsystem, Base-Station Subsystem, and between them, a
25  Tunneling Subsystem. The backhauling link subsystem typically comprises a radio
link that connects an mobile base station (MBS) to a base station or other mobile base
station (MBS). For example the backhauling link subsystem may comprise an LTE
modem
In accordance with an embodiment of the presently disclosed subject matter,
30 there is yet further provided an apparatus wherein the Tunneling Subsystem comprises
an 4G mobile base station (MeNB) specific implementation for LTE.
In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided an apparatus wherein the Tunneling Subsystem may



5 Tunneling capability at the Core Segnent as Tunneling Application Server
(centralistic). I n accordance with an enbodi nent of the presently
di scl osedweubj2cbo4matter, there is yet further provi dedPan/TREpaENF02LS
conprising a distributed architecture4for integrating the Tunneling
capability at the Radi o Access Network characterized in that, 10 if the
destination is located at the sane sub-tree, an X2 distributed approach is
enpl oyed. I n accordance with an enbodi nent of the presently discl osed
subj ect nmatptevide tstraeeor all yeft tHeu fdllvaving rfandtibadlitdes: apiestny analyeisesortinpe X2
di stributed g‘P roach.is enployed jf the source and destination have joint
nobi | e, 40 9PENRE, PagHOMNg andieGFAPSHBRON5 e g. MeNB) at hi gher |ayers than
t hensel ves. r iR [ ; t
i scl osed subj obt SarBERENGRTER iRt T RC PR sk g PSRN it
conpri si ng therelissyet ifupthee groavidedi ane apparatus exmprisireparedrcnigectune foflintegtating the
capabi I%ty t the Radi.o @cc S%Ne vvorlé as at post: 4G base, statj.on

it e ERBe

(eNB) enti i/ MpPHRe PR Wa 26Fn TR HarbRPIGRYGR afierver

enbodi ment (@hthhigichr esently di sclosed subject matter, there is yet further
provi ded an apparatus wherein the rel evant 4G base station (eNB)conprises

an 40 base st at ilmac¢adBicawitte an @mhodirhent ndsthe presentdyn diskiosR) sehject phattened t o

be served. . n accordance wit. n_aspect of the.present. i scl.osed subj ect
mat ot ndie FE SBETGRER afbired B oRa ornifil Frtebbel BRI N
Tunnel i ng ARBratiad tHeMuRAENEY cdpabilitdatitlie RAJIBNEJeSANEWOrISEhatBdterizedan fiag] Ng
the LTE core using the standard i interface, including an Encapsul ation
Engi nel@nd if thy desipptipgmds dogmiede 88 the same ksubtFRggen, X2 distributednappreashdisnce
with an as%&%zoggﬁ the presently disclosed subject nmatter, there is 30 yet

further provi a Virtual Radi o Access Network Manager applicable to a

cel | ul ar net wor fn atéwrdarichanittaan lehtbodiment ofl the pessenttiadizelosed butdect andiedl ment
of the presently disclosed subject matter, there is i;\g% further provided an
appar at us \WHES df jyet Elgﬂ\?r Prefledran; gpparetus vhessindhg X3pdistributed approach 1s

2012/ 070 043@‘5&%& %Pﬂaé’s@é@@ 2rd éesﬁﬁmeﬁafvgioiﬂpﬁlgﬂﬂéréﬁcfg%.j Bst dafiodt GSM S

(optionall e station and to I nter et re at the standard
eNB- t o1 &or e.d. MddB) at higher layesscthan thamselved. t h an enbodi nent of the presently

o sclosed subl eql oLty SIEE e 6Bl 2RB0. AR A0t

e e W T o ksl o ppiend il L phige? giindonod T
integrating the Tunneling capability at the Radio Access Network as a post-4G base
station (eNB)entity apparent at each relevant eNB.

20 In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided an apparatus wherein the relevant 4G base station
(eNB)comprises an 4G base station (eNB)where 4G mobile base station (MeNB) are
planned to be served.

In accordance with an aspect of the presently disclosed subject matter, there is

25  yet further provided a Tunneling Server implementing a Tunneling Application Server
including an Application Server interfacing the LTE core using the standard GSi
interface, including an Encapsulation Engine and a Virtual Radio Access Network
Manager.

In accordance with an aspect of the presently disclosed subject matter, there is

30 yet further provided a Virtual Radio Access Network Manager applicable to a cellular
network other than an LTE.

In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided an apparatus wherein the virtual Radio Access Network



In accordance with an enbodi nent of the presently disclosed subject matter,
there is yet further provided an apparatus wherein the Virtual Radi o Access
Net wor k NeiO2gE¥07)@40per ati ve such that any type of dataPCé/1bw11/p0622t ed to
the LTE cellular 10 network can be in8erted using virtual MS/ nobile

communi cation device (UE) and virtual BS/ eNB. I n accordance with an
enbodi nent of the presently disclosed subject matter, there is yet further
provi ded an apparatus wherein the Virtual Radi o Access Network Manager

refl ect s/ i mahageess operatih@ toniniitate HGs(epsSomllyp haseMidtidon atelcmpiaterface thel6TE
transm ssion as_ virtual, 4G base station (eNB)to the LTE Core. In
accordancec‘?ﬁFf‘hthﬁﬁtaB#"HS&Ngéﬁé%ﬁeiingﬁ presently disclosed subject matter,
there is yet furd h@brddned witdarR BmBBdiRicat ¢f tlY@”'Efe@érﬁly' MkEbiACKBjRE L) the
Virtual Radio Access Network Manager and the LTE Cdre are based on at | east
one of Si-ternig yst fvther paividedcano rapparatas wiheteim thee virtutl Radio deceshdepyaskent |y

di scl osed subject matter, there i furt her ovi d appar

Shorer s s nEREhES is SRk R0 ilettfee e LT fol M eRL B 050 FNFPBRISIER2 ¢ 1 1o
Encapsul at f@L TR 4ppYisitRims dub F6e3 GRpilicatiosCALR for GSNEg®Ilishtainson (MBS e. g.
MeNB) . | n accordance with an enbodi nent of the presently disclosed

subj ect matt er, Imacoopdanee vathyan embpdiment of the presenily disglased: sbieghaatien t he
E | atj i i 2 - f -
- abcor datele {7 Rrolel pibiAGe s, pfarfdlt WEERGCH: FlEAFRAB AL NGRS, o,

there i s yManhgtrtibeiperakioyisdetd tlain adppapabiatahwr bd insehed tnaaps TEatdllatar Engi ne
includes a nulti-packet payl oad recursive I P encapsul ation functionality.
301 n aHtor BEWEEK &R fheansatidonsing virtgd Midnohilesearpmpnigation deviee £UE) and
matter, thgﬁﬁafgsféﬁhfurther provi ded an apparatus wherein X2 nmay be
tunneled as 1n Si. I n accordance with an enbodi nent of the presently
di scl osed subj ebt acvatdance witheare emboghatent of thwe prepenslyi disdosd subjrat atattsr,
wherein, in order to shortege%he | at enc

f. ) )
5012] 07004 theRT Dies Giies emdec M ap RS Wbareim ey el Redio: AtrestNeB S ach)
the tunnel M&a%@ab%f&fcﬁmxﬁl@fe@paw ai@sm%fuﬂé YbRBCaRaY AMENBRCK @bcpBdatdgt ect s

X2 packets addressed to at |east one of itself and a descendant "t hereof.
| n acchbY datramsnvissidn asvisnd) d€hi basestatén (eNB)pr the AW Gomdi scl osed subj ect matter,

5 there is yet furthe rovjded a aratus wherej n.the bil e base
station (MBS) a%fg{}%ﬂ?%gﬂ%&ﬁg@ﬁ@% feotgheames '[Y\,\Q}F“rjoﬁggﬁlﬂé’%ﬁcg "l?itﬁ%r neat h
it. 1Rre?i 6ot fiheLpivided R a k FRtei® intéifReP bASRBA the Virtual R&BH
subject matter, ‘there is yet further 8I‘OVI ded an apparatus wherein the

anal ysi s pAeesss Netwiark Meragar auk be tLiTdhCorsctne hasschonat fgagoneofnils YeapdS1-
addr essed fvfMﬁt | east one of a current nobile

20 In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided an apparatus wherein the Encapsulation Engine includes at
least one functionality of the Encapsulation Subsystem of the mobile, 4G (e.g.) base
station (MBS e.g. MeNB).

In accordance with an embodiment of the presently disclosed subject matter,

25  there is yet further provided an apparatus wherein the Encapsulation Engine interfaces a
P-GW (PDN-GW) element of the LTE core.

In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided an apparatus wherein the Encapsulation Engine includes a
multi-packet payload recursive IP encapsulation functionality.

30 In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided an apparatus wherein X2 may be tunneled as in S1.

In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided an apparatus wherein, in order to shorten the latency of



10 base station (MBS) and at | east one descendant thereof In
accordance with an enbodi nent of the presently disclosed subject matter,

t here i s wetofxn7odser provi ded an apparat us wherei n an SiPCTARB1/0%0022Dr | SES a
X2 framer. In accordance with an aspeét of the presently disclosed subject
matter, there is yet further provided a Si Tunneling Server |ocated between
the eNBs and the LTE 15 Core including at |east one of an nobil e base
station (MBS)s Filter for detecting and filtering any packets arriving from

lr)mbi I eE t40 thugn@letﬂ)amest(dis'trﬂmte(dl(\j@&(mcg) Meém% sub@slfint &c?m:mesaegﬁqpi I g _
ase station ner. to a ncapsul gt ed Si ckets . sic Si
st ream an&n%?%ﬁ‘ei?{eﬂaﬁ n%‘& ‘5?6 N&ngtﬁ ssegddp %ﬂﬁasﬁ'l?ﬁ?léﬂ&]ilﬁgﬁ%gsayst em
201 n accor draead: tfereyt. enbodi ment of the present 'y di sclosed subj ect

matter, there is yet further provided an apparatus including both Server
and Si Tunnel | ngn Secardancaiwatleian eadmdlmcm;aqfsnhb grresintly dissloised swhpedtsmatean t o

or asont By, PGt F ot dutis RRYIHEE BPPert RO Betets (ol HEr RROY M) dieY

appar at us w@%&e%&ﬂ@ﬁ&&r&all%emk%l&%&@a@aﬁwl jgted 25 transmssion is
sent depends on at |east one of the follow ng paraneters: user priority,

required | atencyn ageasdanogpwith gerembp@hmc;rpeof the presently d&ﬁ@b’ts@ihﬁ@b}ew mattesn

e teq a e Y SRE Etr W8P Sl SR wRBlcl g s phoct el | o

and can i nidefetfiGemathdn@asto ﬁﬁtengm@sigealad&ia@bea te\acRas oNebmrc&ﬁeMEHaNleor
real Core/LTE 30 Core. accordance with an enbodi nent of the

presentfy @P%ecﬂlt@@@dl\@f&aé'étaﬂﬁﬂﬁtt"@?de%%éﬁi?é‘tﬂ?r%i@t further provided an
appar at us Ccompr iggighrq¥i b il Mhoﬁﬁﬁ@rﬁ df ttnf,( tré@htlrﬁislcg)g%cﬁ sﬁj%ﬁﬂme&,o' and
at at Tdagt one o e

nobi ity managenent nessages arrivin

2012/ 070044]Eh€a'lslyteQﬁWeﬁﬁmden'ﬁppmms nherrpan §hiramer Genprises & X2t feantir.
Tunneling Server, to t real(é%}x/E usin ,h standard MVE-to- MME LTE
i nterface. T HocqidRP A a0 SRER! o 1D RIFSET Hesirclese eed spyegmatighthsre s

055 0sen Supb I tead S s B
the Col& SdipremchabngShy Mast Tuma rodlannygolster base stationt(MBS)s tHiledr. for detectmg and
filtering any packets arriving from mobile, 4G (e.g.) base station (MBS e.g. MeNB) at
the S1 stream; a mobile base station (MBS) Combiner to add Encapsulated S1 packets
to the basic S1 stream; and a Virtual Radio Access Network Manager and Tunneling
Subsystem.
20 In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided an apparatus including both Server and S1 Tunneling
Server wherein each encapsulated transmission is sent to one or both of these.

In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided an apparatus wherein decisions re where each encapsulated
25  transmission is sent depends on at least one of the following parameters: user priority,
required latency, user type, service type.

In accordance with an aspect of the presently disclosed subject matter, there is
yet further provided a Virtual Core Manager entity that imitates Core functionalities and
can interface at least one of a real Radio Access Network/eUTRAN or real Core/L.TE

30 Core.

In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided an apparatus comprising "virtual MME" capability that

reflects all control and mobility management messages arriving at at least one of the



In accordance with an enbodi nent of the presently disclosed subject matter,
there is yet further provided a cellular architecture. I n

accor danceowntdn7em4enbodi ment of the presently discl ose#Csabloecosonetter,
there is yet further provided a systef wherein each nobile comruni cator in
the 10 hierarchical network conprises a tel ephone. In accordance with
an enbodi nent of the presently disclosed subject natter, there is yet
further provided a systemwherein the nobile comuni cator conprises a

cel lul ar t @uemimgeApplication Serber arao &rldEummeling Sérven) tee thecdtuak rdal MMEhsing

presently disclose | e r, 15 there is yet further provided a
system mﬁkﬁ%ﬁ@%&fﬂgﬁf@?r{]@?ng an LTE standard. I n
accordance W t hiRRc&RBo-E VRl affentbd@inkir® T thé ?réi:ﬁtﬁl AREMdsaH IS MRtcter
there is yet further provided a systemwherein the network opérates using a
W MAX' st antterdis Y20 furthec porvittedee appafatisrcoappising apfar¢hitecture e nntegrating teosed
2oy’ o eSS, o CUCShh S B TS TR
an enbodi ment of LB@rddRe MAtH ¥n SnioliReEH oTUht PedseBf HRElosddQUbfedt nMRE,

further provided a nmethod for operating or using any of the systenms shown
25and descthepeis Yiebfusthar provided a cplluleaselitesee-wi t h an enbodi nent of the

presently disclgsed subject..matter, .there et further ovi.ded

Comput er progr aft AFSHAES i <Gbegmiei S ste Srescadt, pucloss HETm il
conput er r gagahs gepratheanprovided eimb@iig dwhdieihetdth bBil€ QbRBicat@anhakiee
program code adapted to be executed to inplenent any of the nmethods shown
30 andl@esbieraekictaetyqrk comprisesprialepansdi ment s shown and descri bed herein
are particularly, ‘Agc%fr&ﬂnck %ﬁf&h .‘éﬂi%‘ohﬂﬁ‘etn‘f“otf*lhé/ gmsgﬁt&oﬁisa%géd bbj el i diter,
vehi cl es, such as busses or trains or taxis, are

2012/ 07004 @ieeel islyst Ghithér5610vided aesystempwherdint the mdbileecdnanenisitad canprisshiach may
function as iiﬁl ays,. and/ or nobile tel ephones or other cellular

comuni cat Celgrdclephane. For exanple, in rural areas where sole

rel iance on f i gl acelddtd witpas oftdhiniht SPURE BBeiyThisSlol ey AARA Hhdttr, OF
nobi |l e stations at |ong ranges, nobile base stations that 5 are installed
on trahSpotheablie yetohirther ptatidedr asysem. whersimethe tatworks ppdrates sisingraneh@Bl e

hi gh dat a-ratg@gppl i cations such as web-browsi ng, video-streanm ng, and can
al so be us&@ngdy g ays between other nobile base stations and fi xed base
stations. In adgi bQRdant® it aR @8fbodinddnt QFTh@PrdSffy HREPsRL Sljétt GRdheP e
install ed on-board airplanes to enabl e passengers to conmunicate with a
fixed cel | thexg is ydt faheryrovided asystgmt whdreinghe nelavdrkilogerated yshgre WIMAKal |y,
if a mass attended event is expected or has occurred, it may be desired to
send a fleétlan‘iq‘r nobi | e base-stations to the |location of that event for the
duratipp of the[eyuedkdant® ivixaibest BN preséliBdig@6sed sbbjdet MbttdrUthate R
sports event organizers, may own or hire such a fleet which may be sent on
one occasi d¢t figthgr fprewded jar nethedwforcmanufagtyang any eff then dxsterposhoem andsi c
concert or déﬁhlbgdhesreilﬂ?i ng hel d and on anot her occasion

In accordance with an embodiment of the presently disclosed subject matter,

there is yet further provided a method for operating or using any of the systems shown
25  and described herein.

In accordance with an embodiment of the presently disclosed subject matter,
there is yet further provided a computer program product, comprising a computer usable
medium having a computer readable program code embodied therein, the computer
readable program code adapted to be executed to implement any of the methods shown

30 and described herein.
The embodiments shown and described herein are particularly useful in

conjunction with vehicle fleets in which vehicles, such as busses or trains or taxis, are



15 to a location in which AQynpics or another nass-attended sports event is
pl anned. In a typical cellular tel ephone system e.g. as depicted in
prior artwbi2gl2/apo4an area is divided into cells where each/icmii/ioivar a
serving BS. An SM noving in such a ceBlular network conmuni cates by radio
with the best BS. The BSs conmunicate with the core network and with each
other by either using a direct cable, or by using point-to-point 20

m crowave. Several procedures are common to all cellul ar tel ephone systens:
Handover i sqtippedomathe thobilet hest-statioss witdch tnley Bidction e beddysp @and/oelhebiiehi | e
it is in service. Cel] sei ection is the procedure that selects the best BS
to link toFelmn%%qt%eréa-lwabcmmm({nwﬁmm~, e.g. as depicted in Fig. 2,
s a vel | studi adyGARRERL if Pulf hiBhs Fhbre MRNeliahs: BF1ARAGAIABRUARATOLS
system of nobile routes, their associ ated hosts beling connected by wrel ess
| i nks, t he cavirage lohitwiieadapdadtyns naobilerstations at/logg amiges, Suchilertmtsowstatiensithate been

I ntrodugced with liftle degr of .suc s, due.to many techni cal gnd.

o gani 23t 1 Bt o FabeOaATn anF EEoTss R PLRS T G chable high
30scal abi | idht4-rate applicdiiolt ShcH £ WeRbrowRild, 9idRYSteMhing, nd &h ASPbEusd 4sh Fi 0.
3, has two radio-interface serving entities; BS and RA. The BSs are static

base st at i o¢lgysabriwedneothers mabie hasei siafiona awnd Sixgdibase statensr I pddjtien, rmehils
interface for a _backhauling interface nd ase-statjon , WO

2015) 07004 e FERBRS 8 idshabdd) nelens B A nfaids SiioBie ApiaflR, to conaPifan o
in the hiepagsehdegdio cophlgicay ¥t fikéd talulbdrfihfrésthicti® usifg tieidovwe eélhanal
antenna; therefore there is a need to use an ormi antenna. The user can
connectOt o Phoms. Binally, ifia pass aftenged Recns inexpsetsd @ahes GsuEed.dtmay be desjred

nunber ed 0 *9d st blilobilas din BIRP Rt St Bl auil®n @t .
are nunber edef)IForQXamplt, 0ent bganizerse eigs culturblesraports event orgabiyid, miaplosvnt 0

BS10, BS08 and RAO%iBSi ts best link is to BS10 and therefore. it has an
active |inlert e seehpaflset wnchomar hessenh oprnecercasipn to igHrsb Sty in Sieh |3 nks

to RAO9 BS i 1 j g{pg% ' an
active |i n%%tsgo%es %Eé‘éﬁsed pgﬁ)f%lsﬁlﬁlk § mtfcoelr%oé%gu }ng% an(ltl(i %%)‘g{ ﬁoghébrtgg‘?gﬁnnk IS
t o RA09S ando & heatiéromewhith Ddympics ovanoklien nassatfaded sigiviSeventrik plahmedrA09, RA05,

RAO2 and BSO01 its best _li is to RAO9 and therefore it. has_actjve link to
RA09. SNO7 nnkiﬂ fléynie&ég?lﬂﬁe(dsl?pmf.‘f%ﬁm, BEOR qepicieddnprior At Figs L&nm and

therefore igdiRaRd3mbic¥s Wheté ehéh &40 a serving BS. An SM moving in such a cellular

network communicates by radio with the best BS. The BSs communicate with the core

network and with each other by either using a direct cable, or by using point-to-point
20  microwave.
Several procedures are common to all cellular telephone systems:
Handover is the procedure that runs when the SM moves between cells while it
is in service.
Cell selection is the procedure that selects the best BS to link to.

25 A mobile ad-hoc network (MANET), e.g. as depicted in Fig. 2, is a well studied
concept in prior art. MANET is defined as an autonomous system of mobile routes,
their associated hosts being connected by wireless links, the union of which forms an
arbitrary graph. Such networks have been introduced with little degree of success, due
to many technical and organizational challenges among delays, power consumption and

30  scalability.

A hierarchical mobile system, e.g. as depicted in Fig. 3, has two radio-interface
serving entities; BS and RA. The BSs are static base stations and the RAs are moving

base stations comprising a radio interface for a backhauling interface, and a base-station



RAO2 links to RAO9, BSO1 its best link is to BSO1 and therefore it has
active 15 link to BSO1l. RAO9 links to RAO2, BSO1 and BS08 its best link is
to B508 awmo wteen7ed4ere it has active |link to BS08. RAO5 IPCmHB20i00RAR2, BSO1
and BSO08 its best link is to BS02 and%t herefore it has active link to BS02.
Some or all of the follow ng may be provided: Apparatus for data

transm ssion between two nobile stations at a hierarchical 20 cellul ar
network or between MS of a hierarchical cellular network and any ot her user
wi t hi n t heasat fnontkendr tootht giseke Dute: toTdymaslicsnip Bebsymtahinahimdbile sybtempobisl e, 40

e.g.) bas |o MeNB at. the Radi o Access

Net ot ki 6 USRI shobech GFiHanl A caam BrOlRre U ot BB 20 GBI FIETBs
station (MpR &N Bordebthiol £ BIbE t& aRA Wi theBasteN fbhdaR® iktbiFiceZand is
Subsystem Base-Station Subsystem and between them the Tunnel i ng Subsystem

e.g. as sh@\ampatenﬁoqhebmdthatdtlsmmneawuﬁ nobi | e base station (M:NB)

iy i nct ude. somh B d PSS ASBEIE oo o bk ot A3 it Ras Y Runb g G

some or al bsahd 09! TRASOse nARBEES DS, 085 10NThe ot 4 Membdped 4.1 t i oni ng 30 and
encapsul ati on. Architectures for int egratin rg(nt he Tunneling capability

at the Core Segfhi2 links|taddS14), BSAdand MQQ@MSM%HIF isda B0 qnddherefore &t i c) ;
S1/ t
20121 07004 50CH) H 5 BGHE 351 B8 ot ot colhongh BIG, SMLL fiks o

i nt egr at i nRA09eB308 asd BS.gOCﬂ@BéUtllinkMsatb BS08 drdctherefsie dishasNgl aéivis Hnkcloude:
if the destination is |located at the_sane sub-tree (if the_source and

dest | nd®i oBSREVEMPBilinks topH 10e SBAEand RQOP 1E§ap§§t links i RAORBRd thegeforgaigs ot
hi gher T aygriel l%@tost?%"gﬁﬂOKGIﬁﬂ(s 8RB 9 'Mf%@ﬁ@b?qﬁ%eﬁshﬂﬁﬁc{' bed

her ei n) ; ase station (éNB)entity apparent at each rel evant
eNB, wher e RA(0S| zmdathd:féfareftéms attoveviindrto RIADMEMO Elitiasste R G, IRADS, RAR) andr e

| anned to serveq, . . nnel i ng Server | ement ati on as lication
ger ver (Tuﬁ%@ll “ﬁé’%ﬁ%i%ﬁ’t%&@&f’b@?’? rFHt}@FP%Fb‘fnﬂ@S‘ttﬂg{‘ALa&#E core ﬁg{)ng t he
standard GSi i ”‘I@i(fzal%ﬁcs tb%&W'HSl)laiﬁdbéthE@‘@RﬁB*S@i LR tifeRGbREIt ARE adfivet Ual

Radi o Access Networ k Manager. Virtual Radi o Access Networ k Manager
is appI15 caklink tboB%thy RA09? dinks tg RAQR, aBSOieand)rB{SOSsmszﬂvesisllrﬂms troBSOBrAnded t o

LT o ot TR R AheR TR ORIl b B IRl o0
GSM etc.) ¢o B}go;p&ldmhﬁf&gqﬂﬁayactmm&x@gs@t_ data to be inserted to the LTE
Some or all of the following may be provided:
Apparatus for data transmission between two mobile stations at a hierarchical
20  cellular network or between MS of a hierarchical cellular network and any other user
within the network or outside it: Tunneling Subsystem within the mobile, 4G (e.g.) base
station (MBS e.g. MeNB) e.g. at the Radio Access Network/eUTRAN, and a
Tunneling Server at the Core Network.
mobile base station (MBS) generic architecture e.g. having Backhauling Link
25  Subsystem, Base-Station Subsystem and between them the Tunneling Subsystem e.g. as
shown at Fig. 9a, and, for an 4G mobile base station (MeNB) specific implementation
for LTE, in Fig.14.
The Tunneling Subsystem may include some or all of the building blocks shown
in Fig. 9b, including some or all of collection, analysis, sorting, queuing, partitioning
30 and encapsulation.
Architectures for integrating the Tunneling capability at the Core Segment
include a Tunneling Application Server (centralistic); or a S1/X2 Tunneling Server

(centralistic);



15 cellular network can be inserted using virtual MS/ nobile comrunication
device (UE) and virtual BS/eNB. In this case, the Virtual Radi o Access

Net wor k N8O22EY070@#| ect s/imtates the 4G nobil e base st &CT4h201 NBIB)2
decapsul ated transm ssion as virtual WG base station to the LTE Core. Fig.
13 shows nore detailed interfaces between the Virtual Radi o Access Network
(RAN) Manager and the LTE Core using SI-U (611) 20 and SI-MVE (610).

The Encapsul ati on Engine may be simlar to the Encapsul ati on Subsyst em of
the nobile, 4G Distmbutedashitedtares dor inkdgBatmggthe NBByling-capabilBy shdwsRadiat t hi s
Engi ne int%fac the.P-GN (PDN-GWN el ement of the LTE core. The
encapsul at PSFESFRSTWHEIRAIS | ti - packet payl oad recursive | P encapsul ation
25as described jmnEidestinkfion 12100R¥d BE tHe Rl &B-B& (iNMthel sofr@: andSdedfgfionbed
herein. In order to shorten the latency of X2-tunnhel ed packets (distributed
appr oach) , haveejoinirmetilen g Gs (e y bassnstation uiMB e.gd dEB)ul atthighes layreys than
encapsu} at ed cket ej ect ckets, addressed to it or to any of
its de;gcenﬁ"ﬁm%glye§oanfaggFf@ﬁ{bﬁ%{?ﬂw%&?‘ﬁ esr%l%‘fq er?}&ge station (MBS) nmay 30
have the topol ogypdst-#6 BiscasthtidiE {(¥10BYentitye éntUdesdhe adlévant -eNB,Owh&e may
be updated in ord%r to take into account tunneling: the Anal ysis process

may have a‘“iglevart irefprsrie svhare 4Grmobile pasg ssationdMehd sarg planaed tocbersstvele curr ent

(ol emmnt 2115) huibiingSensblmb@u@ibysh of APoSHR 3R, BrorBflud Apkasigh> 11
framer. 218bWved linterfayingethdi KTHeecbre qusing0 theattandard n@ST @rterficeaigtliidigg ciner for
X2. Fin. 13 may al so_be updated to include X2 tunneling to | ayer-0. The
\ﬁNrB t u? 0FﬁﬁpfppA@é@g:zE@gmya&;gﬁwomwawwiM@&ﬁ;ém alﬁ on of i 2@3 vi rtual
eNBs to the |ayar e} . . [ ssages
addressed to an?} YO\N_erRF(gyer__sfsst heeﬂdéﬂ&%q%%ég%fgfglcﬁay% e ﬁ%lﬂs%erre laltlgE 51

t unnel i ng. network, séclSis Bt motelimitgd 8eEL.VEr It mutttesch Hé€t (optonallye beddBsatmncintthe LTE

Core may | pn({flz a%gs tsh(e): r}:el"Eoéorg la'l thgfstaglcrilaef\rd IeﬁIBEi\tror-](%l)req{n?(g %es.g.I &F)I(? foerzllE, Tub for

3G, Abis for GSM, etc.). Using this entity, any type of data to be inserted to the LTE

15  cellular network can be inserted using virtual MS/mobile communication device (UE)
and virtual BS/eNB. In this case, the Virtual Radio Access Network Manager
reflects/imitates the 4G mobile base station (MeNB) decapsulated transmission as
virtual 4G base station to the LTE Core. Fig. 13 shows more detailed interfaces between
the Virtual Radio Access Network (RAN) Manager and the LTE Core using S1-U (611)

20 and S1-MME (610).

The Encapsulation Engine may be similar to the Encapsulation Subsystem of the
mobile, 4G (e.g.) base station (MBS e.g. MeNB). Fig. 13 shows that this Engine
interfaces the P-GW (PDN-GW) element of the LTE core.

The encapsulation may include multi-packet payload recursive IP encapsulation

25 asdescribed in Fig. 11.

X2 may be tunneled as in S1 e.g. as described herein. In order to shorten the
latency of X2-tunneled packets (distributed approach), the tunneling subsystem may
unfold (decapsulate) every encapsulated packet and may detect X2 packets addressed to
it or to any of its descendants. To facilitate this, the mobile base station (MBS) may

30 have the topology tree of all network elements underneath it. Fig. 9b may be updated in
order to take into account X2 tunneling: the Analysis process may have a detection
mechanism to find X2 messages addressed to the current mobile base station (MBS) or

to any of its descendants; and the S1 framer (element 211b) may then comprise a X2



nobi |l e base station (MBS)s Filter for detecting and filtering any packets
arrive fromnobile, 4G (e.qg.) base station (MBS e.g. MeNB) at the Si
stream NMOB&I20ondner to add Encapsul ated Si packets t ®CThe2008830022Si

stream and/ or Virtual Radi o Actless Networ kManager and Tunnel i ng
Subsystem typically having the functionality described for the previous
archi tecture. Detailed interfaces between the Si Tunneling Server and

the LIE Core may be as depicted in Fig. 15. It relays the Sl1- MVE nessages
W t hout anyraniear2d2bRolth may bb/Mivided tbiowe peathsidne oS Uambibk etier foreXiiogdsSsed

usi ng the abovenentioned. internal blocks to performthe Tunneljng
capabi | i t ymay also be.girgriAd o dPelHde éfg’gmelf%t% r-bolhe ¥ irhial eadifghccess
Appl i cati O'Tlle%%ﬂéeMatﬁ%i(r) Aa 'haJé'géoltekéd}Qc YEhits FRAtM ENBERS %@Fl&ﬂeé-lo X2

transm ssion 1I's sen orie or of these, depending on suitable
par anet er s "sloudl' afshdrenl static ENBs.tRed aby X2spessages addieysed te quy owckr 2eest; thecy,

user type, service t ) AVjirtual. Core Manager entity imtates Core
functional i t@%““i‘ﬂ&‘%fg’ﬁ)qth? W%iseélrtélﬁmlﬁ&di o Access Networ k/ eUTRAN or real
Core/ LTE Core. Phis3 eiMrelidg Mepver Bobated Betvielh the VANBahd MMET 102 RRRI idyy t hat
reflects all control and ndbility managenent nessages arriving the

Tunnel i ng Ayspidecamesn abof therintsrnal blogks Mhgdl2bhg Server, to the 25 actual
real MVE using the.standard - 1.O- TE interfa . |t is. .

appr eci at ed thafn(ga‘lf &?f‘?%%ﬂ?%‘%%ﬁeﬂg& ﬁ gﬁtgpt}ngt %dcﬁiteqqga%_rpaﬁgf}s 8PEFat e as
a proxy of flohtmebil& 465 @& ke stiford | (MBHWRRINB)h& th@SE s@daad.i On subsystem
and the core. The interfaces may for exag‘f)l e include Si-U S 1 -MWE and

X2. Thé0s 1 fraMEBS Cembinenjo sddiiendepynlated 81 pagketsyathedpsic §intiepmagndion i s a
vis the Virtual V%E'QAIORQ% e&éce's}?tm&kiﬁ’aéﬂé{g%}a&?d TuRfk dsﬁﬂse&tl%ﬁl ic\/a?lg si de.
er u conp a conputer usa

Al so provided is a conpu program pro , rsimng bl e
medi um or Gevipg tierfunaiaalilyelesdribed gor the prewious aychitealdey t angi bl e, having a
conput er readabl e program code enbodi ed_t herein, said_conputer readable

program code ad&lstailed nfestanss betvagn Abestir Tunnaling/ Ssoysn and the LIECoremay heed t o

i mpl enment qf . j i )
appr eci at e%p%{ﬁg?egwyﬁ 'rlgépﬁeo[% s Pﬁ?lcmm%?%ﬁgﬁﬁ@%tﬁgg Egﬂ\% tgrghcfl Itc/i[}a\g%ri bed
her ei n1fmy Hosveventhe tSHr-Ui papkatsraret prdcesdddeusine thet dbomamentioned antekmakcblovkst o t he

t eachi ngs herein be.perfarned by a conputer specially constructed for
t he desi re&eﬁmﬁ’«s%le?eh aﬁg@ﬁg'ener al purpose conputer specially

configured for g £&deBHIPARRIIBY béth GOTRItERAg R?Bﬂéﬁ%h%e?&e?%ﬁﬁngl
conput er readabl e storage nmedi um Any suitable processor, display and

i nput nmeanJunselingeSerserd Haoh pmoapsslateddirapsimissian ¢z sem ta eenputbeth of thesey or
oL ner COMp Lt BB S 98 S50 P DB SRR i
20 latency, user type, service type.
AVirtual Core Manager entity imitates Core functionalities and can interface
real Radio Access Network/eUTRAN or real Core/LTE Core. This entity has, e.g. for
LTE, "virtual MME" capability that reflects all control and mobility management
messages arriving the Tunneling Application Server or to S1 Tunneling Server, to the
25  actual real MME using the standard MME-to-MME LTE interface.
It is appreciated that with regard to the sl framer, the sl framer may operate as
a proxy of the core side for the link between the base station subsystem and the core.
The interfaces may for example include S1-U, S1-MME, and X2. The sl framer thus
may function as a "Virtual Core Interface" vis a vis the Virtual Radio Access Network
30  Manager located at the Server side.
Also provided is a computer program product, comprising a computer usable
medium or computer readable storage medium, typically tangible, having a computer

readable program code embodied therein, said computer readable program code adapted



10 apparatus shown and descri bed herein; the above processor, display and
I nput neans includi ng conputer prograns, in accordance with sone or all of
t he enbodwoent270d44t he present invention. Any or all fumlctitbral/iones of the
i nventi on shown and descri bed herein ay be perfornmed by a conventi onal
personal conputer processor, workstation or other programrabl e device or
conputer or electronic conputing device, either general- 15 purpose or
specifically constructed, used for processing; a conputer display screen
and/ or pri t be executed to spelakent dnyror dllyfitzeymathpdsrstoiwmandr deactitied derapmdt is such
as optical disks , tic-optical,discg or other disgs; .RAMs,
ROMe | EPRCARPIESHSASHA A gg AL e forgpA el SPECTRS e teg BetiB Ay, and
keyboard ope E&H?@tef—ﬁﬁpl&%ﬁ@&.' THe ogd?&tidi iMhcdOk RHBS VithaRe HaGENAIRY &N nfay

i ntended to include any type of conput ati on or mani pul ation or

t r ansf or mab¢ perfofmeihby a egmpyenspedially qomgtsuated forethg. desires: pupabes, opheaonena
whi ch y ggeur or resi de g.%. mﬁbpinﬁggghs er.s &nd Lor nenﬁries ofta
conput et .  FHEHPET SOBPYET SPeig yqanigusy n‘tﬁf e I5ued PHRySuRY & CymRper
plurality gfogeirs tfokddih@ctofputed FENIEHIS Wohagéthddum. The above
devi ces may comuni cate via any conventional wred or 25 wireless digital
comuni cati on nAdysuitebleprogessor digplayend Ainpué meansmay be upidondreresudivlayr a
comput er network s t nt er : u t pr.esent

i nvention nﬁy(%ﬁc Egg?ggﬁéggﬁ#ngpf@%%egggﬁﬁagﬁﬁg%#H%W?g’o(ﬁthﬁﬁﬁggetion,
machi ne r eadaihaiofesieh yasCinfisraiatibnised byt Hie pnedsted hyT amyg of thy agtteods aind
instrquions whi ch, when executed by the machine, inplepents 30 sone or al
of t hel@ppapraratus shpwmapd descahed, hewsing the abovet Profreser: diselayrandHspytWesisi on

shown and - | ' t.er ' . ' I ¢l us of
the pr esengh;é ?&n{}gﬁnﬂﬁ %3{55‘?%@% ’ulgg ?&gg%%%\{l%soth% (%gi(rﬁtéafit%qeem odi grr’%ﬁ? ga%f t he
i nventi on, pesgrtdgreativasAmbenadl fahctamahtigs dfeheunvertan showaayd desevibed hareial

programi ng | anguage, d optionally WD .2012/070044PCT/ 1L.2011/ 050022 13 a
mmchi ne. 1 ofa TEqE RS Hba EPotsRHATal Peroml CBPUEPIICFHIE SEPTERP e
purpose COBFHg?éEﬁm&\ﬂb CdbvidRY oPRbMPRRE loY déctforftf !ch‘rlb@t%g)'aeﬁGé,' éﬁﬁ{e?d%]eh@ral-
accordance with the teachings of the present invention. Any of the

t eachi hys puposgpor apenifi¢adlye¢amstmestedphuseé fer psasessiig; &2 opmpuice doplayi sgneeins
representatiye of physjcal qgbject r .subst ances. The enbodi nent.s
referrod t OBoan Bl G et T sHrne, madireaRateie PR R PR e
next secti gitks, CDROMSEYmhgRHe Hptikal OfiSdsr 61 Bthet MidcheRIAMS, ROMA, aWPRIMME S t he
property of its owner and occurs herein nerely to explain or illustrate one

exanpl e of EEBRQAMs. enagmatierenpptidal phetheneads.i fonsterye radikepbeard er erpusa bunl ess
speci fical Ly SEal efh Ot el W, 5 Ress s ARRA" Silve | s Ofltdnl&a 8! in@h0 %! SEYSSE ONS:

20  computation or manipulation or transformation of data represented as physical, e.g.

electronic, phenomena which may occur or reside e.g. within registers and /or memories
of a computer. The term processor includes a single processing unit or a plurality of
distributed or remote such units.

The above devices may communicate via any conventional wired or

25  wireless digital communication means, e.g. via a wired or cellular telephone network or
a computer network such as the Internet.

The apparatus of the present invention may include, according to certain
embodiments of the invention, machine readable memory containing or otherwise
storing a program of instructions which, when executed by the machine, implements

30 some or all of the apparatus, methods, features and functionalities of the invention
shown and described herein. Alternatively or in addition, the apparatus of the present
invention may include, according to certain embodiments of the invention, a program as

above which may be written in any conventional programming language, and optionally



it is appreciated that throughout the specification discussions, utilizing
ternms such as, "operating", "processing", "conputing", "selecting",
"gener at iwQ20120r7044he | i ke, refer to the action and/ or pPOTAEREE0ZN22a
conput er or conputing system or procBssor or simlar electronic conputing
devi ce, that mani pul ate and/or transform data represented as 15 physical,
such as electronic, quantities within the conputing system s registers
and/or menories, into other data simlarly represented as physi cal

quanti ti es awnaéhime féreexconiing thegpwgsinesiich aerbnt ines limitedi tot £ genaral parpese such

information storage, ,transm ssign or display devices..The term"c uter”
shoul d be BP’BQH‘F& ﬂ%mgﬂptf%’.a@%\}’&r c%‘ﬁfﬁgfﬁﬁnﬂr getvafedo iy B‘fﬂoﬁ‘faﬂﬁ‘?/ BB [ h
data processichidgs ¥PaRE | grédeRp invelfbtJARG: ofPthe "RYcHRhgs" BiRotpofitéd Mereff naNP! e,

personal conputers, servers, computing system confunication devices,
pr ocessor s Wherayer sliitgbleaipexiqpmnsigmivrepmsentat{ oI )physical obieststar shbstanses. i el d

progra bl e ga arrav. (FPGA)., appli.cation specific.integrated circuit
(ASPO et ) Canfie Soitiinuiris el B ol iy SBEC FiobSempnB” BREERE ot i on
may be desdgefafieftheRkedektid®r clarity, in terns of 25 term nol ogy specific
to particular pm&srgm n Iangpage?ﬁﬁgpqer%gn_g sysﬂtlems, Il;};)gf\/vs@grs, system
ver si ons, indivi a wrnngrig XY Qrigsawings 181the piope pameandh at

L e % DR AFKek B RSl GO OEREE PP S AR AL
scope of t lweventivientay be irhplemytefar ti cul ar progranm ng | anguage, operating
syste browser, systemversion, or individual 3Q product. . . Elenents
separ gh@l y | st Slgse seqcificall gtafrsk otherwines &5 #rparesb foBhida telloying discussions vel v
may be the; t / : Any
o bl o ipnrpseig #aCupoutbf the BEHRMISH Ythgidd, HARARE ks weh asod
gener at e of‘opdringngli Yeoqussiug'yeécompuiingty Iselectirg’ eTgeneratiyg’t, her dpplikegtefer @nd

met hods shown and descri bed hg{ﬁel n. Any suitable OUthUt devi ce or  djspl ay

n

may be usedid AR RIAY PRCeSSEY cmw?l?@%& SOFRPUGER SV SFBAODRIOFHEOTH SIS and
met hods sheyaand &nﬂﬁﬁiﬁé'&%ﬁef‘%ﬁ'ﬁmiﬁﬂ&tesb&h&/&bhﬁnéféﬁ?%&%e_ nfe§ as

enpl oyed to conpute or génerate infornmation as described heréin e.g. by
provi dilhg phgsical, suohas rebattioris, quantities pvithore feoronmitipg rsfystemisf ragistersomrsd/ort i es
described herein. Any suitable .conputerize ata storage e.g. copputer
reor y. ay PGS TS GG B2 T GRAY | GRrePate] FaPEy el dgeruits SARB, tene
systens sheympatith §8kald Refohes, fédisters b GitieP Sadh infdRmafitid ¥oraaB8 dralRf5dsidaed
herein may 10 be di'vi ded between a server corrguter and a plurality of
client comeudispky devieese The termy“computer’c shopld be broadly congimied e sosn amy kimdd
descri bed hergin may co i.cate bet.ween nsel ves vi.a a suitabl.e. conputer
notwor k. 18SEferResVE H D ORI e R NE Cabab IR TSk o MR pLAGR IR
presenpQi nwgmﬁlen pé&b@iat doshpatesd)i JeBiekd)r dnputing afystein] BoGHIMESEMOn "RIVIvRss for
use in hierarchal cellular networks. A cl assical cellular network

consi sts oPraEsFerssecgrehigital migmaharasesior éBSP Nanigracrniredieny,  fiekth programmaplecess
Net k i ' base: stat i j taty :
Each of tnERERrs (rORL AcHA hdine SiteAld, SRAIPEASTON R BE di
cel lul ar netestohic computirgg deyvides. conpri sed of classical cellular network,

however the Radio Access Network segnment epabl es direct cqonnection between
Base Stations sg?‘f’ hRFESSgh dNERBUOR  E3Y% AR éiegm%p& Nerely foseclaptys fipctegns (e

ot her B§ t@ﬁ?@g&@gﬁgm ra@ngamemg;t @ogfaﬂﬁﬁingﬁdgnaéus,gmath@ys%teﬁ@,%oi@ers,

connected to segnent,
system versions, individual products, and the like. It will be appreciated that this

terminology is intended to convey general principles of operation clearly and briefly, by
way of example, and is not intended to limit the scope of the invention to any particular
programming language, operating system, browser, system version, or individual

30 product.
Elements separately listed herein need not be distinct components and

alternatively may be the same structure.



25 | P encapsul ation, also referred as Tunneling, is a well known techni que
for Mobile IP (MP) cases that enables renote control and nobility
managenerWvof20r2/01ol3#| e scenari os apparent at | P networ ks PCTAh2081/039822 s a
t echni que used when a Mbile Node is Hegistering in a Foreign (renote)
Net wor k which assigns to it a new local |IP address. In such cases, the Hone
Network needs to reroute all the packets assigned to the Mbile 30 Node to
the Foreign Network. Tunneling is a technique for realizing the reroute
need in a way ofAngehitablegnpdbdevies)duélo e bgmotdizmtesl tbhaasensorc apsyubatssl tal | t he
traffic that passes fromthe k twork tao t bi | e Node by addi

iR erthovare Prryids FPRbopeptukL y theyggparatis and rethods?

addi ti onal

2012/ 07004 gifgwhi %@Q&é&rﬁé@%&i&?@y suitabid! obiiput A fice lor &fi Pl N irfa| bedydeaMoC

cel lular networks pose difficulties for traffic flow and 'managenment (i.e.
the nmulti pisplaycel outayte infomaatiohi gegelatedBRy Rhe RESERIUS TANANMEHOTHBhORAINEGS 5
Prior t Fig...1, ks a sem-pictorial diagram of conventional cell ul ar
systems pr g b B SRS hrtesstr SADCR Emelnel Broommis or Engtico.
net wor k fSyﬁif@ﬁihatﬁhla@fdeinbleh&ein%.%.%y?prﬁﬁiﬂlqgj%xﬁtd?frh&h néi s anmuef pragessor! evel
hi erarchi cal cellular systemof the invention. 10Prior art Figs. 4A - 4B

are sinpl i t4 parfasmoigretiimaljtiesdesenibedthesain.ohey sfitablexcomputerized data storegel €.y st em

as describ in U D 8 . .Priar. Fi '

simplifi e %‘F%&%r‘ﬁu&  heotge tp; ote dpformayidh] keBEinBh by drthengraled B the
described kystddss Swn Ml déschibel, Bebdin. FunctionalitiesBhb@h aaf tdebdribed heAin nfap ar e
sem -pictorial diagrans of an n-tier hierarchical in-15 band nulti-hop

cel | ul 9 nbe dirgded brtveen Svisayen cRRUeiNg fglugly of . client compytgrs. Fhese of
sem - pi ct ogial adi i i i . 0=l ] system
net wor k coyrilhs)iJl P g%% 33@%%%@? at V%ﬁ?sﬂ%ﬁ%%@%%nﬁ%@ﬁie@eéé tlg%&ngﬁggh??rtgnt s of
t he pr esenbetweertifcnselveswiansulthblayorhputarmeewodtkan 2. Figs. 8, 9A - 9B, 10 -
11, 12A - 12B, and 13 - 15 illustrate Architecture and 20 Methods for
Traffic Managenment by Tunneling in Hierarchical Cellular Networks which may
be used stand-al one or to nodify the apparatus of Figs. 1 - 7 or the
apparatus described in US Pat. No. 5,729,826, or the apparatus of US Pat.
No. 5,657,317, SUMMARY o BHEINYENTIIODEd i n co- pendi ng Published PCT

Pat ent Application WO 2011/092698. entitled "Cell ul ar Co ni cati System
Wi b Movtpg BasCoBRNSTRATRETS ol the Prae HrEde e e AREGr And Y

Conj unct i OfadfSEGYA tBthod 2 RF WBPRATtatthall&RhilAk nétwosigD) unction therewith, in
accordance with certain enbodi nents. The enmbodi nents illustrated in these

Figs. may be uséd classiealnfelhwari netwatl Ieonsists off Chee sggmentsanghdadio Access
Functi onal {1 8S SRAM). 'The Rl Abcess NGB A Srfprida of 1LY GO0 (' 24

20  mobile stations (MS). Each of the MS is typically connected to one of the BS.

Hierarchal cellular network (Figure 1) is comprised of classical cellular network,
however the Radio Access Network segment enables direct connection between Base
Stations so that one BS is capable of relaying the traffic of the other BS to the Core
segment or to other BS in higher layer that is connected to the Core segment, etc.).

25 IP encapsulation, also referred as Tunneling, is a well known technique for
Mobile IP (MIP) cases that enables remote control and mobility management for mobile
scenarios apparent at IP networks. Tunneling is a technique used when a Mobile Node
is registering in a Foreign (remote) Network which assigns to it a new local IP address.
In such cases, the Home Network needs to reroute all the packets assigned to the Mobile

30 Node to the Foreign Network. Tunneling is a technique for realizing the reroute need in
a way of defining Home and Foreign Agents that encapsulates all the traffic that passes
from the Home Network to the Mobile Node by adding additional IP header over the
original IP packets.



Figs. 16A - 16C illustrate an enbodi mrent of the invention which may be
useful 30 in conjunction with the apparatus of co-pendi ng Published PCT
Pat ent ApwbDi2oet(70034 WO 2011/ 092698, entitled "Cel |l ul ar Cecwonioeavioorz Syst em
Wth Myving Base Stations And Met hods15And Apparatus Useful In Conjunction
Therewith". Figs. 17A - 17B, taken together, are tables of terns used
herein. WD 2012/ 070044PCT/ 1L2011/ 050022 16 Fig. 18 is a

sem -pictorial diagramof a virtual base station server (vBServ) which may
be added to an Muttidayeothixrarchical dyrlaenic ebllulhnnetoories puwstwhfficulties for traffic

Comput ational c onents described and i]]ustrated herein can be

i mpl emrent eglo?”r?‘\agﬁ?ﬁﬁgm?‘g h%,th‘f’BPﬂ’eB{aWﬁP{éi,ay%fé hﬁ’&ﬁﬁ‘&ére circuits such as but
not limted to custom5 VLSI circuits or gate arrays or programrabl e

har dwar e devices such as but not |imted to FPGAs, or as software program
code stored on BRIEERHSCRIPTIONZITHEDBAWINGS readabl e nedi um and

execut apl e by at | east one processor, or any suitable conbination thereof.
A specific functional conponent nay be formed by one particul ar sequence of

sof tware code, @oPyrt ﬁigﬁh 4§ AbdrhiypiBlorialdifgraditfaltofMdrtidRAl 6RLMr tenpr behave
or act as 10 described herein with reference to the functional  conponent in

question. For eXaapa Fighkisesaponistriardiagtam af s mobileiadHooneswodesystenl. code
sequences such as but got Jimted to obj glctrs g oce lé{‘leg e net | Orliul
routi nes and pr gPaﬁg i rrgy S?Illg?ﬁé’f% ragr%k% vt dree ?%%f“e 1F Fe8"Fhi ch
typically epasmbetieiinamgioatically. Data can be stored on one or
nore intangl bl e conputer readabl e nedia stored at 15one or nore different

| ocati &@s, ~di f f EFienertnéigtofR ndBearecimplifiedplogk diagsara JHusttipeeef at2-tersi ngl e
node or | ogakid callshstbd a@la%c%%le@;neﬁ?%@M@@Wz%ﬁ@.‘“ er data storage
uding any type of storag

technol ogy, 1nc e Oof nenory and any type of

conput er conpon®nbs ad g, reser dmplified tioak idikgtani dlwtratich of 4 attied hicdarokieal f or
conmputing for_an_interval of tine nd any tinme of 20 information retention
t echnol ogy LATh$S drscrikeddnd Batohe: i’ﬁ%’ggri ous data provided and enpl oyed

e S oL SrEPHEULRE L Ot rk S 1 Sl
whi ch 1§ obamhmulti-hop cellular network, using SM as a backhaulir’lg device. ’
Fig. 7 is a semi-pictorial diagram of an N-tier hierarchical radio-link cellular
system network constructed and operative in accordance with certain embodiments of
the present invention, where N may be more than 2.
Figs. 8, 9A — 9B, 10 — 11, 12A — 12B, and 13 — 15 illustrate Architecture and
20 Methods for Traffic Management by Tunneling in Hierarchical Cellular Networks
which may be used stand-alone or to modify the apparatus of Figs. 1 — 7 or the
apparatus described in US Pat. No. 5,729,826, or the apparatus of US Pat. No.
5,657,317, or the apparatus described in co-pending Published PCT Patent Application
WO0/2011/092698, entitled “Cellular Communication System With Moving Base
25  Stations And Methods And Apparatus Useful In Conjunction Therewith”, and apparatus
useful in conjunction therewith, in accordance with certain embodiments. The
embodiments illustrated in these Figs. may be used in conjunction with any of the
systems and functionalities shown in Figs. 1 — 7 separately or in any combination.
Figs. 16A — 16C illustrate an embodiment of the invention which may be useful
30 in conjunction with the apparatus of co-pending Published PCT Patent Application
WO0/2011/092698, entitled “Cellular Communication System With Moving Base
Stations And Methods And Apparatus Useful In Conjunction Therewith”.
Figs. 17A — 17B, taken together, are tables of terms used herein.



type or |evel or anmount or category of volatility, differentiation,
mutability, accessibility, addressability, capacity, performance and energy
use; and wbi2ete/i7804based 25 on any suitabl e technol ogi esPEIAN20a8050022

sem conductor, magnetic, optical, pap® and ot hers. DETAI LED DESCRI PTI ON OF
CERTAI N EMBODI MENTS The terns used herein, including but not limted to the
followng terns, nay be 30 construed either in accordance with any
definition thereof appearing in the prior art literature or in accordance
wi th the specif Fgatli8ors aarserd'r—pinmni?,t diagramffakirtwak base statioras¢rivere(VBSekv) | f

nodes are actually, tr ferr dat.a bet yween_ them thel nk between themis
termed an % @)’? rf’g{?ﬁﬁlﬁ%@gu ﬁoreﬁ‘&t,woé link is WD

2012/ 070044PCT/ %&%&h@é&%&ﬁexﬁpa@sfchﬁ&lsmﬁpﬂmakdtédﬂﬁaeﬁscaﬁrbeaﬁlblew%n{eldnk in
advance i.e. beforée it is actually needed to transfer data. base

station: Timevarkous fohns dos exampde"as handware myulltﬂesuvbtaSIlwt opt bmﬂedd@augtoml S

I nt ende cl ud for exanple, a cel base statio t. not
it et o VEShGrdifens e SR Brota bl iBlawE Aebel b of Bl Tt 0
as a W rel @s FPERGS 9P a@q,bﬂwa&u?ﬁgﬁn Rylle BRked bitidt Qhst One@ iMhigibleBbongiedt h or
W Max access p0| nt . cel ar: The term"cellular” is intended to

i ncl ude W Fradable mesdinsn an@emtabba ysatpast Ang, prpsessoL jop ghy swtable ¢ongbinationess

Phe scope S RREACaoRER AR RRpRRReA A b FRNeRSy R RRARIBESIAEANS 00,

nodes are ‘sefowirecdodel’ od by Tahlﬁiuraat}eoﬁa@ﬂblvﬁnd‘i cblﬂetnsélgrrdclt g tdhive Sehsvesn
them e.g. over a wired or wireless |ink. e: a switching
functi Hal Hespribed Eﬁe@c‘ﬂﬂ\‘/ﬁfé@n‘é‘oﬁ‘?ﬁé%tﬁi"&%n%é’@méﬂemdl‘ drestioay Jor ﬁ?@mnl%»

conmuni cat N, QI?ﬁ/o'nE ay be s LR Nl St i SubRYs BEt &R‘l feﬁt ed
PR RRE

wth a base station e. ase station 1s an access polnt.
segnment : Smmb]aas,'mmedﬁres, functions, routines and programs and may originate from several

computer files which typically operate synergistically.
Data can be stored on one or more intangible computer readable media stored at
15  one or more different locations, different network nodes or different storage devices at a
single node or location.

It is appreciated that any computer data storage technology, including any type
of storage or memory and any type of computer components and recording media that
retain digital data used for computing for an interval of time, and any time of

20  information retention technology, may be used to store the various data provided and
employed herein. Suitable computer data storage or information retention apparatus
may include apparatus which is primary, secondary, tertiary or off-line; which is of any
type or level or amount or category of volatility, differentiation, mutability,
accessibility, addressability, capacity, performance and energy use; and which is based

25  onany suitable technologies such as semiconductor, magnetic, optical, paper and others.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

The terms used herein, including but not limited to the following terms, may be

30 construed either in accordance with any definition thereof appearing in the prior art
literature or in accordance with the specification or drawings, or as follows:

active link: If nodes are actually transferring data between them, the link

between them is termed an “active link”. In some technologies e.g. 4G, a link is



Decapsul ati on: the inverse operation to encapsul ating downl i nk: 1ink
fromcore toward nobile conmunication device i.e. alink in a sequence or
route (alwo20evated4downl i nk sequence or down-route) of @a@/1D201NEF0E22 | NKS
connecting the core to the device. 208ncapsul ation: generally refers to
"covering"” a nessage with an additional header such that the information in
t he nmessage ot her than the header (such as a payload to be sent between two
nodes in a conmuni cation network plus an original header indicating said
two nodes) stmetimesestdbdishaly doad attiveclink ;1 advhnapipa rbefiire unisi dctutallg neddidt toonal
header has be ecapsul ated. For exanple, node A wants to send a payl oad
25 to node TBDS ‘A sends the payload to node C which is en route to node

B. However, nodg,& @9sh: e %Hﬁwbﬁ&%tﬁt%xf’e%ﬂﬁblﬁﬁfézlﬁ R8DHLE of SBfdndrheis
payl oad (encapsulated wth an additional header ich states that the

desti nat i omntemlefto inehideafor ezamples a esliwbar dasegstatont sueh asibiutiiod hiadited éaa edG.hence

i ncl udeg t | oad, fr Ato us the first. header.indicating, B
dost | nad i oy BG & ROBLE HianiSidelbdth slatRens o ie Bt hlsih AgShporit Sheh
30decapsul a§ pgtnot AN ESa Wﬁi,ﬂtﬂétéétﬁ@ﬁ'\vimd&&ssgbﬂﬂs the first header,
di scerns that the packet is for B, and sends to B. establish a |ink:

activate a |inkcellular: ghederma™dellnlar't is infendadetodnelpdaWikfigand other technologies
2012/ 070044'3%55/ ljl'agvt%oa}l%ié Oc%ﬁzi.e]r;rgg?eisse pgin?'l?ris% Eccl?i‘t'e%g@ét"&%é%'s pRints yb' cation

‘Wi
net wor k wherh in one onmuni ron Ice s serve 3‘/: a

first baseigtRbhridtieddutide thé sRpe DE RI dllalar i@Waik, e.gMtiacADSDMTuUNi cates with
the core via a sequence of L > =1 |inked base stations including: (at)
optiond®ly, L-1cennested; gkwnactwerkndedey ae ‘saBnestrdt hifr theynaee PRI Hfed 5

herein * r ehaFermind Whal BlrwBe? BEANY SRS aWhifld Al S links cOnnected to the

core. radi 0 Intertrace: apparatus using radio technology to provide a |ink.

rel ay: see defi pofet @ ewitEhing f@rcaondlity athichedctivate§ comileatyorgseawahysltingyeipny nous
"rel ay" reference sigpal's Si |. to Interference

Rat i 0. 5 kSTHIC FOTHBIIRLORAPY RS BRPTEGABOAE . e ) JECerpBuel M e

co- pendi ng ppihhiiphed, e BaletBlioRPh £REPoiMO 2011/ 092698, entitled
"Cel ul ar Communi cation System Wth Myving Base Stations And Met hods And

Appar atfis Usef ukorerse@oentusame asri‘cdtedr ewi t h" .
Decapsulation: the inverse operation to encapsulating
downlink: link from core toward mobile communication device i.e. a link in a
sequence or route (also termed downlink sequence or down-route) of one or more links
connecting the core to the device.

20 encapsulation: generally refers to “covering” a message with an additional
header such that the information in the message other than the header (such as a payload
to be sent between two nodes in a communication network plus an original header
indicating said two nodes) becomes the payload hence is not apparent until the
additional header has been decapsulated. For example, node A wants to send a payload

25 to node B. Node A sends the payload to node C which is en route to node B. However,
node C does not know how to reach node B hence sends the payload (encapsulated with
an additional header which states that the destination is D; the payload corresponding to
the additional header hence includes the payload from A to B plus the first header
indicating B destination) to a node D that does know how to reach node B. D

30  decapsulates, uncovers the additional header, finds the first header, discerns that the
packet is for B, and sends to B.

establish a link: activate a link i.e. cause a link to become active




served by: connected via an active |link uplink: link froma nobile
communi cation device toward the core i.e. a link in a 15 sequence or route
(al so terwoaolpl7dedk sequence or up-route) of one or nor @Crinigi/ewnreect i ng
the device to the core. The tert® "nobile conputing device", e.g. in
Fig. 5 1is used herein to include any nobile comruni cati on device being a
node in a comuni cati on network such as a cellular conmunication network,
such as but not Iimted to a nobile tel ephone e.g. 20 cell phone,

smar t phone, et c hierashiesl| het@srkarsy canniaticatiort hatwolasvitersin ratlless onedasbikuch as
a laptop with a LTE modem or a tablet _haying a wireless connectign, |t is
appr eci at e QOPARPIGHPT deYignis #EKEY gy adit Rt aXation. 8§9it6@§dh%ﬁ7%‘nc?og‘ﬁ@ﬂ’i ng

abi lity, t R SITBOHIMIRRARs SHthedlfle 455 G diGEhRESEL D &  15RBY itadhkGiighsSO 1O
nobi | e conmuni cati on devi ces ich lack conputing ability. 25Various terns
and abbr evimduding (Aeomionaky,d.-1ibasd-stgtsons kdandebsl tarwheianotiieghents atsol texmed TE
term noLogy for.sjmlicity. Ho er, it is. reci ated that the

nopl | cabi | PeTLARlRE - i (o arspionaponesaier WhEER SBa%eFedihatnot 11 mted to
LTE. For exanpl @adié Hﬁ‘erﬂ%%ﬁ:aﬁﬁ%sﬁﬁﬁrﬁﬁ@e&ﬂ@l@?y@@ oVRRGifked herein may be
applicable to formats which are not identical to LTE but have rel evant
features in comuelay:wee defiiiion G hirsarchical netednky" i s used herein to refer to
a nobil e node inla cel | ul ar comuni ga‘tiﬁn,, net wor kK whose node has both base
station and nnbir—?—%y—%%?ﬁgggﬁ’é%ﬁowmroﬂﬁ i"GRAl i ties and is operative to serve
mobi | e communi Ca¢SINR: réféfdhcesigRl’s Wighal 116! IRRRRADSe-pAls-106iBe Ratig] @Yimowand to

be served by base stations or other relays. Typically, WD
2012/ 0¥804 4ty Mhichimay be gompugd x4 os desdiped dieomperding published NCn Ratentyi t h

t he nmobil e i ' “ ' ' tion
Funct 1 onal 1P o 2L RBCbE RS il Corh AR S WARF 131
manager, t (Basé Btadibny And Metdridagaxd Ayparangs EsqiulylaiConjunctomn EhérewithW t h t he

rel ay' s nmobil e commupi cator functional it@i which in turn conmuni cates via
antennae 5 wit#e d 'e%’f‘n‘?‘fr‘?él_‘é%?‘éé‘ft%ll_ (static) base station. Typically,
the first radio griadek FARRIMERR Brinffliiibh ABUEE RvlPE Aorél a link in a
functionality f cetving information from and sending I nformation to,

ot her 1adi sequeneger soute dalse atimed yplode- bamancedomupitodthef onelmymoereatinksf or
using the information to deéhgrm' ne whether to reject at |east one nobile
communi cat SP‘_’%%ER%H’Q"FSICBE’ “‘0%d by an individual base station associated
with the 10 i nditpkdia a8l O RAingalvReMBNEGR Fig. 5, is u@diidih @4 iluder obl em
characterizing nobile comunication systens in i ch some nobile

communi cat eny mebitewnnowniationldeded bgingatnode nea bemmusicatipronetworls suchias-aness

of the upli connecting the bile co nicators with the base stations.
Certai - onBOUTHCHIETGRICRAR BYSBBh e AT Qe PSRt dooHR BORRBr kg « hi s
probl epp  LolpHoRt, enarQROA) efcalak WellSas Hn§ BB mphte¥Hat RassOWRe BB Inb&em such as
communi cators are beyond-range of, hence comunicate indirectly with, the
base st at i ériaptop ythoal T merdemueiea tables haviag soviigless couneptiom deisspptecipies,

mobi e compuni eaNar S0l GRLTEY SheTRYAOl 8% L RLD. rande el LORPARG
stations, and confunication re ayl ng nobi | e 'stations ch have 'sone or all
of the fi nembodiabdnts #dwafantdeseridasd belibire applicabit A18diol Aokl FIMNhGHIL Ao,

devices which lack computing ability.

25 Various terms and abbreviations herein e.g. in Figs. 16a-16c and in Fig. 18
follow LTE terminology for simplicity. However, it is appreciated that the applicability
of the invention shown and described herein is not limited to LTE. For example, the
methods and systems shown and described herein may be applicable to formats which
are not identical to LTE but have relevant features in common with LTE.

30 The term “relay” is used herein to refer to a mobile node in a cellular
communication network whose node has both base station and mobile communicator
functionalities and is operative to serve mobile communicators, such as cellular

telephones, or other relays, and to be served by base stations or other relays. Typically,



20 An exanple of a nobile communication systemin which sone nobile

communi cators communi cate indirectly with the base stations is described in
co- pendi nyopuatli7etaed PCT Pat ent Applicati on WO 2011/ 092@e8/ILEnt/diohzd

“Cel | ul ar Comuni cati on System Wth M¥ving Base Stations And Met hods And
Apparatus Useful In Conjunction Therewi th". 25Wen singl e-hop comunication
is used, a conmunication relaying nobile station is within the range of a
base station and has a nobile comrunicator within its own range. Wen

mul ti-hop ecanimmehiycammmicaessiedinteanahwiith thé mobile cAmnomatirs ahd arcludes ayi ng

nmobi | e stat.ons.are provjded, fhe first..of ich, 1. is within the range of
 base st afrBsdio mATRES: BF %ﬁoerﬁmﬂsonﬁ%@_ﬁ%ﬁ 2 phm}‘fmﬁ@seweﬁ;&%ﬁ% its
own range, gRNrseafdio nﬁgag'b‘ﬂj he §itbt Ao mhnager F}a\ﬁﬁg ‘é’f]ih‘,}gicalf&hnéct'r_on;lwith then- 1,

is characterized in that the 0+1 yth comtuni cation el aying nobile station

is within réley’s amgheleofomrhenicatothfimetionatity: ahiahninr wirm gommunisiates evis aatehmas. WO
2012/ 079044RCT/ 11 2011/ 0500 20, .. A hi erarchical bl e system usef ul
h " con] finc PG AGIER, o0 e Al Batien ke dudion Rl BET HOL AR rELEEE o
in US Pat. chiaprised a/raliotrSodfmandbey , bt/ fuabbnalityCRr REREiMNg iffordhdtDASEbnCT

Pat ent Application WO 2011/092698, entitled "Cellul ar Comruni cati on System

Wth Myvingnbsendisg infomrationrte, mhehsulio meaaggpaespegivay Gedpeated witiorthemct i on
Therew t h" p i . i i i i.0-].i e r k... for
gl enent PRI ok beb bl THEGhERIGR Y @B FRtnb Rttt e
herein, iscomhisicatradekiflg td Be sdrved by an iddivididi Bhat aatidinassodiatdd. with 1he9, 826
describes a 2-tier hierarchical cellular network, where the RAs nove with
traf fi £0 anindivdval spdagated fadie maweelore via fixed 10 radio ports. The RAs are

provi ded with ajhj ' [ j ._apt . ; e ' | e
netvork of ¢ hi oA PAScHRt et eyl AP AR HRMRLe el BMER D
base st at i somenmoblia¢emarunitiatoasichemtinicath éndireotiy sdihrthd baselstations, is tHitmnessd

States Patent No. 5,657,317 descripes a 2-tjer hierarchical LAN. The first
tier may ce_ﬁpﬂlﬁsl@ha#ﬁa%%%ﬁleqmﬁ S ROPTUPICOFS Y HS DB patosn Soriie
second 15 EmBbdifRts! d?‘illlé‘ﬁi‘é‘se%t Hﬁr&ht%rb’ar@helﬁnﬁﬁ'ﬂ %r@cﬁﬁiﬂgtﬂ% pﬂﬁ)‘l’érﬁes such as

vehicle termnals and conputer termnals to peripheral devi ces: t hat can
bi nd t b5t he nobMabileoapumnimigattey isysteras dn cwhiol ndoozt enohile hcahfugicatnts devi ces

o e AP 40 R R LSO, bR o0 1
Appl i catiop s asdB&i4ed with bdsk WEkibAY, HPobiR dordrh@ficdibrS W& hadlor infayPd the

mul ti-hop cellular network using SM as a backhauling device as i'llustrated
in Figs. 6aithismnggloé thHbasgystasonadensddcanymunigatian wplayingiinobile s@tipae whishager

(rR) bl 0ok AN 8 8 of e FallcRBhifles bAbR Habd Mallh 08 ot SERGIGRAD FI O

20  An example of a mobile communication system in which some mobile communicators
communicate indirectly with the base stations is described in co-pending published
PCT Patent Application WO/2011/092698, entitled “Cellular Communication System
With Moving Base Stations And Methods And Apparatus Useful In Conjunction
Therewith”.

25 When single-hop communication is used, a communication relaying mobile
station is within the range of a base station and has a mobile communicator within its
own range. When multi-hop communication is used, a chain of n > = 2 communication
relaying mobile stations are provided, the first of which, 1, is within the range of a base
station, the last of which, n, has a mobile communicator within its own range, and each

30 adjacent pair I, i+1 of which ,for I = 1, ...n-1, is characterized in that the (i+1)’th
communication relaying mobile station is within the range of the I’th communication

relaying mobile station.



interface for backhauling, giving higher uplink BWcapacity and better
range cover. 25 A dynamc hierarchical cellular system e.g. as in Fig. 7,
typi cal | ywbasi2oom4or all of the foll owi ng capabilitiesPamictoiani®or2ypi cally
not applicable in a conventional cell2 ar system a. Finding the
route to SMthrough several hops. Due to the dynam cs of the system when a
nmessage is being routed fromsource to destination, there is uncertainty 30
in the position of the destination when the nmessage arrives; noreover,
there is uncert @& hiesardhical h@bile syséarh mestal mfcohjtﬁacﬁ@uwthgemutembbémmmseeof

several nodes along the route may change their position
2012/ 07004 HECTER FAVERBERBRShoNR in US Pa3, Ney.o4. 124826, @ﬁ%@ agk Byfo-at a
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cel lul ar sfis)nmmnidmioalﬁsstami Withi MavlngnBasenSmhendJAmlthethodg AW Apphtahesnecks

m ght ogcu nsi. e,r that several distant users are using an
RA thatg ru§ g‘ghhé Eftvﬁ "RA that might be al nbst overl oaded due to

ot her distant U%eﬁa&ucﬁmy 568l hishrdhRaF fadRRLifk RAKOKS fblsuﬁ;naméﬁddgl &fhinon of
the radi o channel’s and an unsatisfying user experience. . Using a

dynam ¢ hi embpdimentsl of ¢led llnutlaton@aewman deksribedbherein; isbllestrated in iﬁeg 7out i ng
graph, nunber of. hops i,nk gual.ity..,These.two var.i abl es chan apldly,
Qe to the 10 el cumls R (987 r2biand Grute e v 2bes Mrdafiean dethe
system Hopstworlk N WR&e tﬁ’@R@bé maW whithndfafeit @i topmhicHS witheth aekhoid! fis@d BW
d. Service management t hrough several hops. Different services have

di f f er &Qit rmp@@qﬁh@ RaAsfase provided vath sleigh geiadliregdonabantornac Angxpmplenfa not
tolerated t r ki C | i [ jng are
tolerated © thb?ﬁ gﬁ%ﬂ%gfﬁus Qgﬁ 1£ ﬁlué%t&g?n g nsru%rgrF Y :3% or éefé‘mﬁlgo‘geé) Q%Ieegt o]

support theaﬁoﬂmgﬁa@éaxsml\uddedstotﬁebfoeéssatblsatw ce requirenents and their
nmut ual effect on each other are taken into account. |In _sone cases

interfaces m ghtUniltﬁ@ Sttates RatghttNo.e 163y, 3t hdgscribes, ae%a%@ermwak RN Fhsr e t he
same |im t gglnRs or : éﬁiiégr& 1id W?}e'drﬁ(AﬁWo%ri@l Hﬁ&fo a§e SAHLES. ThE sSMH

cases, the nore i service request gl ven advant age.
20e. Sthedtie ngy aficladee aduahf:grrﬁnbamﬁrgvaommter[defvfoes s.mh ase\rehlod:eeternhmals and

different characteri st e.a constant bit. rate. and are not .
tol er at ed fema%%gﬁgmlr@ifctﬂ PSEP 5%%%@&? that cap, m&tﬂéhf‘sm&S%e EPRYtIRELEVics
del ays, bu%n@&&lfﬁ%.&ﬁgategif}ﬁp&iﬁerehp %WERNS ‘MPE* sRbE defvbir Sts.

le 8f°
Once the services een esta% |she a speC|aI edu? whi ch resides
in the RA oﬁﬁystsfphsdllhﬂraltddampnneamﬁgss4ﬁec@ ding to the| r 255er vi ce

equlTement s, AGehiLeeL o AN TEL RS 21 AP CescrL DG T oy rpaalve
transfeori nouseafat rAl nAef hierarchical in-band multi-hop cellular network using SM as a
backhauling device as illustrated in Figs. 6a — 6b. The RH may be added to the relay
radio/resource manager (rRM) block.
An N-tier hierarchical radio-link network, as depicted in Fig. 7, uses radio
interface for backhauling, giving higher uplink BW capacity and better range cover.

25 A dynamic hierarchical cellular system, e.g. as in Fig. 7, typically has some or
all of the following capabilities which are typically not applicable in a conventional
cellular system:

a. Finding the route to SM through several hops. Due to the dynamics of the
system, when a message is being routed from source to destination, there is uncertainty

30 in the position of the destination when the message arrives; moreover, there is
uncertainty in the correctness of the routing route because several nodes along the route

may change their position.



traffic informati on between each one of the MS, through any hierarchical
cellular topology to any destination. The destination may for exanple be M
in the sawo 28/aT1edsaor k or any destination outside the neCRaLio11/n22 ons of
the follow ng description are applicatlle to the 4G 3GPP cel |l ul ar network,

al so known as LTE (Long Term Evolution); it is appreciated that this is
nmerely by way of exanple and the enbodi nents WO

2012/ 070044PCT/ 1L2011/ 050022 22 shown and described herein are suitable for
a wde variety bfTraffi¢ thostlensekishosdcar atmaitertais point alodg she backhaulingtrbete. Ar
preferably both of the foll ow ng may, be added to th rchitecture qQf the

hi er ar chi c BiPI@keelinlar systemydoas r@? gon%ger iﬁslme%hs a%fv@. tﬁsia@%auh%mtq- Ba
Subsyst em pisd i : s | de B)
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de- capsul atdight dcasi. der ezarhpliencarsiden that 46 arabdistentoases &t asingran( RANBt 1socat ed
at | owe

| ayers, of the hierarchi. UTRAN tree. .The tunnel ing subs em
Cypl carty FUSieaied toumithel R Bt BHEM REAUBI OV Raded iy o ce ditant By el
al | servi caguRRE tRRBIHoRRIEAR 1§ ESW FBilizAdR JUREAdiH ShatHREYAldeN hx;?safiéf?in%al ly
operative only for renoving an encapsul ati on header or for adding all" the

headers (i msargsperghca nmul ti-hop) according to the route to the designated
address. B. Tunnel.i.n erver .as rt. o he re,Seqnent. 114 5The.

Cunnel 1 ng ser ver- Ve BaVTE s Rl iebt ey Sulfth So o BaBE o 8 Mifipeor ¢ ne
fol l owi ng Al m@iSer iofl hbparkel Idkd@iatitye €Thedt @0 faedbldseshbigeSrapidly, due o the

Tunnel i ng plication Server can be |ocated as a standard Application
Ser ver 1@ 15dypaneies ot thesystem, @nd affsetghe mtilization of ghe spsterageps ikeeagpdelapy t he

SG int erfggﬂiﬁlétiuagip?aff&§ %@%ﬁéﬂh@ﬁﬂlgbﬁw’?w with reference to Fig. 10. One

advant age ernative na
d. Service management through several hops. Different services have different

requirements; for example, services such as voice calls are not tolerated to latency, but
require little BW; services like web browsing are tolerated to latency but are high BW

15 consumers. In order to be able to support these kinds of services, different service
requirements and their mutual effect on each other are taken into account. In some
cases, interfaces might interfere with each other, for example when they share the same
limited resource, such as uplink BW on a specific route. In such cases, the more
important service request is typically given advantage.

20 e. Scheduling of the different services. Different services have different
characteristics. Some use a constant bit rate and are not tolerated to delays, such as
voice calls, and others are tolerated to delays, but are very ‘greedy’ in their BW
consumption, and work in bursts. Once the services have been established, a special
scheduler, which resides in the RA, may schedule their requests according to their

25  service requirements.

Architecture and methods are now described which may solve some or all of the
problems shown and described herein and/or may cope with transferring control and
traffic information between each one of the MS, through any hierarchical cellular
topology to any destination. The destination may for example be MS in the same

30 network or any destination outside the network. Portions of the following description
are applicable to the 4G 3GPP cellular network, also known as LTE (Long Term

Evolution); it is appreciated that this is merely by way of example and the embodiments



20 be the central architecture of the tunneling managenent at the core
(single entity). A disadvantage, in certain applications, is the |onger

| at ency ewgQ.20rdl7eddtve to the next alternative. An PEII/IT2mmnedonzey Ser ver
can be located in a distributed way a2 the Si interface 118 between eNBs
(sone or all) and the Core Segnent e.g. as described below wth 25
reference to Figs 12a - 12b. An advantage of this alternative may be the
shorter latency with respect to the next alternative. A disadvantage, in
certai n apphiwatnddsscribedghereialaat surtabledot hevigh eariegusf adliutar matworks, mgatishe
distributed architecture of the tunneling managenent at the core which may
enploy a | § %@%mer of interfaces to the eNBs. It is appreciated that the
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of residing behind the core,” it typically resides between the 40 base

station (eNE)hlenawhtqabCQibliaenemkﬂgeaﬂhomaXflg Bterface. Wen a nessage is
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but not ervice type, user type. 5It is
appreci at eggﬁﬁsd(fﬁtﬁ E&E“f@él n if{%%](] tr%‘ may conprise a suitable conventional
| i nk capabl e of ’nha\tumehﬁgrshbmern tylpicaligaksides betgndl dieacdre aRtwaR, dhereohi | e
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Backhaul i ngadeiafla nSulhishop) mmaﬁﬁg tohe nm¢ to2he designatlmadiese any suit abl e base

station, generally, or a nobile base station specifically. Fig. 14
shows an exanple of a detailed inplenentation for the LTE 40 nobil e base

station (MeNB) E)FunddhnkdRricRs A0 HDRE COrdSS St 214 0n (MeNB) 703 the

interface 15 between the Tunnel 1 ng Subsystem 706 and the 40 base station
(eNB) Slibsyst em Tbéd tanglibg S@fleﬁrana)el:le insated at ey stitabtkalodatioh uch @s finy ef #E5.

Fig. 9b sh t.he . internal. processes jnsi a _general nobile base station
(MBS) Tu_nnngf nglfsaias éﬂfhegﬁéa"?ﬁﬁﬁﬁﬁulaﬁ gg?ﬁ"ﬁgnd nodul es process i nbound
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process outbound 20 |nformat| on headi ng "down" (away fromthe core). One

possi bl e LTES unfpnfmtbat&m segmeisdd 44 ermaediimigao thencergibythe 8Gi iserdiang 14t h,
from the 4% g( a escrqged l}/elovp ttegetnlcg b %ugb%}ssbne acsvan{age of this alternative may

20  be the central architecture of the tunneling management at the core (single entity). A
disadvantage, in certain applications, is the longer latency e.g. relative to the next
alternative.

An S1 Tunneling Server can be located in a distributed way at the S1 interface
118 between eNBs (some or all) and the Core Segment e.g. as described below with

25  reference to Figs 12a — 12b. An advantage of this alternative may be the shorter latency
with respect to the next alternative. A disadvantage, in certain applications, e.g. relative
to the previous alternative, is the distributed architecture of the tunneling management
at the core which may employ a large number of interfaces to the eNBs.

It is appreciated that the S1 tunneling server may be similar to an application

30 server but instead of residing behind the core, it typically resides between the 4G base
station (eNB) and the core over the S1 or X2 interface. When a message is going to a
mobile base station, the S1 tunneling server knows the different headers that are to be

added and forwarded to the relevant anchoring stationary base station.



Backhaul i ng Li nk Subsystem from 205a to 207a, is now described. The

| nbound processing inside the Tunneling Subsystem 206 typically begins, at
211a, by wb20empordarily coll ecting the data which arrivesTArLmm/oive22vbbi | e
Stations, analyzing it, including de-#ramng the Si protocol into S1-U, S
1 -MVE and X2, and sorting the results, for exanple by user ID, type of
data such as control or user plane, etc. Thereafter the sorted data may be
gueued according to suitable rules e.g. based on sone or all of user
priority, service type, type of data (control/user), etc. At 213a, the data

is 30 then artltloedJncIu e ch of the da Is to be
{ransm tted n BACRBHRtER LG P hotEBrbiove ey by Riovidsds e abipeor
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data first, or (c) to send control data first. Typically, the data is then
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a tunné@edmtpﬁ%eaémébﬁ Basostation 3(4; andghe Eav aujing, bk Subsysiem 208 1 gmerigy
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resol ved an 11 i's an exanple of
mul ti-| ayerspmtlﬂiqmﬂyel ing for the scenarl o] of Fig. 8 It is appreciat ed t hat

e s e e B A1 e o=
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payl oad over a different” delivery-
15  between the Tunneling Subsystem 706 and the 4G base station (eNB)Subsystem 704

may be effected using the standard S1 interface 705.

Fig. 9b shows the internal processes inside a general mobile base station (MBS)

Tunneling Subsystem; as shown, the lefthand modules process inbound information

heading “up” (toward the core) and the righthand modules process outbound

20  information heading “down” (away from the core). One possible LTE implementation is
described below.

A suitable Inbound path, from the 4G (optionally) base station Subsystem to the

Backhauling Link Subsystem, from 205a to 207a, is now described. The Inbound

processing inside the Tunneling Subsystem 206 typically begins, at 211a, by

25 temporarily collecting the data which arrives from the Mobile Stations, analyzing it,

including de-framing the S1 protocol into S1-U, S1I-MME and X2, and sorting the

results, for example by user ID, type of data such as control or user plane, etc.

Thereafter the sorted data may be queued according to suitable rules e.g. based on some

or all of user priority, service type, type of data (control/user), etc. At 213a, the data is

30 then partitioned including deciding which of the data is to be transmitted in each of the

following sessions, e.g. (a) to send data of certain user together at the same packet or (b)

to send the high priority data first, or (c) to send control data first. Typically, the data is

then encapsulated e.g. put together inside a single packet as a Payload, including the



15 net wor k. The Qutbound path fromthe Backhauling Link Subsystemto
the 4G (optionally) base station Subsystem from 207b to 205b typically

i ncl udes wormiz7od@socks, differently ordered. First col lpesiizni/afoorzhe
incomng data is perfornmed, followed By decapsul ation, at el ement 215b.
Then anal ysis of the decapsul ated packets is perforned, followed by 20
sorting and queui ng of the analyzed results, at elenent 213b. Then
conversion of the individual packets to the relevant protocol is perforned,
at el enent d&i dldmertth kst reey nexanipr the gqubde, pandt seaobn f ¢.gnionthei Badkhaulingr L@5h.
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as "real" 4 pt1ona Y base station using st andard RAN-t o- Cor
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20  sorting and queuing of the analyzed results, at element 213b. Then conversion of the
individual packets to the relevant protocol is performed, at element 211b; this may
comprise S1 protocol framing in LTE for 205b. The data is then sent to the 4G
(optionally) base station Subsystem 204.
The destination of all mobile base station (MBS) traffic is typically the
25  Tunneling Server and vice-versa. Fig. 10 presents a possible architecture for integrating
the Tunneling Server at the Core 305 — as a Tunneling Application Server 307. One
possible LTE implementation for this architecture is described at Fig. 13.
The first interface of the Tunneling Application Server 307 to the Core Segment
305 is by the standard Core-to-Application Server interface, known as SGi interface for
30 LTE 306. Through this interface the encapsulated packets from/to all the mobile base
station (MBS)s, e.g. 4G mobile base stations (MeNBs) , are received/sent. The first
block at which these packets arrive is typically the Encapsulation Engine 308 that

decapsulates the packets which arrive at the Inbound and encapsulate the traffic sent



of the nmobile, 4G (e.g.) base stations (MBSs e.g. MeNBs) to the Core
segnent 305 as a "virtual" 40 (optionally) base station using e.g. the

st andar d 80 20refegnd4ace such that a nulti-S1 interface isPCrantedo®n22311.
Therefore, the Virtual Radi o Access Nt work Manager typically functions as
a proxy of the MeNBs interfacing the core. 20 Encapsul ati on engi ne 308 uses
this information in order to arrange and encapsul ate the packets for the
Qut bound path, e.g. the path fromthe Tunneling Server to the nobile, 40
(e.g.) basevattht Omtbo(JMBST Epigallyf;/bf@)le 08 is operéﬁue femrhi}ingﬂnﬁtrmatibnie:cﬂnpslataati on

processes at .the nobi ( basge station S e. at the
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entities. Wibad by 8defer6R! delary-defPRtk 0S¥mE VaRRS of sbHVehtioMal SlcApsuldifes!
encapsul ation that is resolved and unfol ded at the Tunneling Server Fi g.

11 is an erwnpéseribéd, rﬁqnetxamphwertbd Wul(mq;éialemgyfou ‘infoenatvartading”.of Fig. 8.
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MeNBs' ) padiéetopology of @} lsrnelrfgﬁgaswmtwﬁe(@ﬁseug SR ﬂ@n‘eé Rl wEieam
Wi thout thguipbltfiheO (€.9.) base stations' (MBSs' e.g. MeNBs') packets

directly to the Core segnent e.g. using the standard Inbound S 1 -U
interféte 505a dhd \fittealsl{ach?famcoéssdﬁtyoﬂmmahger&@ (adsogtypichlds Erefleets! eavh ( MBSs

|entg er]iL gccl\e/b gggk ﬁ%ﬁeéﬁéegt) gﬁa%lﬁjfn%ek%&bﬁgﬁﬁgﬁpgﬁq ggr:gnsggr%g% ﬂpmpm ate

Tunnel i ng SyipsyeS 5%52@@ ktddlén ubigg S RhE L@NRRE S13ntdrfite Sudh ki RY
Subsyst em of the m)bl | e, ) base stati onﬁngS e.g. MeNB) e.g. as

descri bed anultiSq. ingsfacatie cmmdeatn B\lgl Shesefores rthe Nartuply BadiosAecesh dNetwerdni ng

nobi | e, base 1 ation (MBS e, ackets trean1the
sane vy adtinden 1oy TukRhh oo et M MsRPry PERERE ¢ 578
nobi | €20 40 BnearBulatib@elgifd 308 @Res(BSnforAatidleNBrdetetoaetaage artcwhcapdullafe tha a
recursive manner in order to decapsul ate tunnel -insi detunnel cases e.

mul ti - | ayeipagksts foe theQuibeurd pathaes. e pethofiem(thedaneeling fwm@ thfbp@bé@y
After unf 0'4@} (@%.)agalse §tgt?ox{r')(m}§§e.g%ef\l%)9 ) base stations' (MBSs' e.g.

The encapsulation/decapsulation processes at the mobile, 4G (e.g.) base station

(MBS e.g. MeNB) and at the Tunneling Server facilitates creation of a tunneled link

25 between those entities. Multi-layered cellular topology creates tunnel-within-tunnel

encapsulation that is resolved and unfolded at the Tunneling Server. Fig. 11 is an
example of multi-layered tunneling for the scenario of Fig. 8.

Fig. 12a illustrates another alternative for the Tunneling Server integration to the

Core Segment 503 as S1 Tunneling Server 502. In this embodiment, the S1 Tunneling

30 Server 502 is located between the 4G (optionally) base station 501 and the Core

Segment 503. It interfaces the 4G (optionally) base station using the standards S1

interface 504. The interface to the Core Segment 505 may be effected by multi-S1

interfaces, one per mobile, 4G (e.g.) base station (MBS e.g. MeNB) whose packets



20 MeNBs' ) packets, the Tunneling Subsystem 508 transfers this data to the
Virtual Radi o Access Network Manager 510 that reflects each of the nobile,
40 (e.g.)wbase/sv@ti ons (MBSs e.g. MeNBs) to the Core segwanto1b0dozs a
"virtual" 40 (optionally) base statio¥ using e.g. the standard Si interface
such that nmulti-S1 interface is created at 505c which may have a sim | ar
role as the Virtual Radi o Access Network Manager 310 25 shown at Fig. 10.
Therefore, the Virtual Radi o Access Network Manager typically functions as
a proxy of atrive aviiiBunmelieg Sanendig.Nabioa eimplified bicek|dyagram ef a Sl duenglagket s

t di ted t bi | .g. t : NB o] t
Via a ot andaper SAsoRRE rsBATS L] P PEoEHATRIP o A O 1 bace
stations (MRSabSudd 1A% Nﬁ%)bqu@JHidBﬁé b§éE2statf5|fi€(1\/fﬁS)b 18506 ewﬁﬂhfsmé gikHey

resides over IP. Creation of nultiple Sl-interfdce nay be effected e.g. by
openi ng semomlngum@anemketimef M4l ins¢rfaea)li kypiatlysby Neingor kndvian histeof,

Mense: )37 omtste 6 (€ s naiors,, (aded; MeRBRE el Bler SR geletBithe miblenea

i nstructiogsg, %eeg P badeCstatidnsng (MBEY e\éol\ii&\lﬁé ??;QQM?@&H—@Q&%@&P@@ZSIZU

anal ysis of the topology tree, via a dedicated interface 509 to the
Tunnel i ng siéany end pereig ghe stream W@Mrthtpm@ké@ é@ﬁ%g)éﬂ@ Si@imnéss@\iBSS) @ipbi | e,

050, SrOmELAUEE SNk Sehe LRGP B o s

Net wor k Mam@gficeSd03a abdethy shkml of%dand’&lé@m Negmﬁ& bfamer (MBSsCéig.may
al so store_the nobil e, base stations' (MBSs' e.g. MeNBs')

t opol ody t MeNB ﬁaa%@s ichtbgéf uaaelkrza SubspgiemO8rusing anyrppronsiete intarfase307.e. g.
resultin f f tree, via a dedicated interface 509
s ap MeARAKA . O prbiffol R0

to the Tunndl syste I ng these attached instructions, the
Tunnel i ng Subsy%emuﬁﬁamgssubyystmlst)& nmyendhdcymetsamfemlmédmamefmsuélatgeq

packet sucré éhat ev r%%? ssed to MS/ nobile conmunicatio ddeV| ce
(UE) whichSu SSEtsHe e&wt aseseaéloa MRseesMahNitd5-g i se‘nBe #enB)
reaches itg; Q%t *I'Hé‘ lin g Ey%@&?%ﬁ@nzé ?&s?éé“tﬁ@h&oﬁﬁ Bile twg&g h bysepassed

to the m)bl ase station MBSs e.g. Me 15 512 to
be conbbdn edtatlon t I"((MBS re- g\/IMeNBD entyepiaqkaﬁs kstreamsthe sami ngd}e asStht- Zﬂ)7ﬁmob2ﬁ5tbd

ntertace Stho LLybS, oot a0l ook Lo the sl vanl g (ontpgally) base
E ;22' g?az P%IrI]eI‘EB)NB&Séiﬁctéd) %QN‘QBM 15%%8%131'[\% heanheeR WIS © &e@@psmm! tuBnel4f®id&- 9-)
tunnel cases e.g. multi-layer mobile, 4G (e g.) base stations (MBSs e.g. MeNBs)
topology. After unfolding all the mobile, 4G (e.g.) base stations’ (MBSs’ e.g.
20  MeNBs’) packets, the Tunneling Subsystem 508 transfers this data to the Virtual Radio
Access Network Manager 510 that reflects each of the mobile, 4G (e.g.) base stations
(MBSs e.g. MeNBs) to the Core segment 503 as a "virtual" 4G (optionally) base station
using e.g. the standard S1 interface such that multi-S1 interface is created at 505c¢
which may have a similar role as the Virtual Radio Access Network Manager 310
25 shown at Fig. 10. Therefore, the Virtual Radio Access Network Manager typically
functions as a proxy of the MeNBs interfacing the core.
Conversely, user-plane packets not directed to mobile, 4G (e.g.) base station
(MBS e.g. MeNB) may be sent via a standard S1-U interface 505b directly to the
mobile, 4G (e.g.) base stations (MBSs e.g. MeNBs) Combiner 512. The S1 interface
30  typically resides over IP. Creation of multiple Sl-interface may be effected e.g. by
opening several connections. The Virtual Radio Access Network Manager, which may
also store the mobile, 4G (e.g.) base stations’ (MBSs’ e.g. MeNBs’) topology tree,
typically passes these packets and their attached instructions, e.g. resulting from



Fig. 13 illustrates an exanple of detailed inplenentation of the Tunneling
20 Application Server alternative configuration suitable for an LTE-based
cel | ul ar wetzawd&om4g. as shown in Fig. 10. The 4G base $CRULBN1/050022
(eNB)typically includes two standardiZed interfaces to the LTE Core: S 1-U
603 and S1- MVE 604. As previously described, all |layer-1 4G nobile base
station (MeNB) user-plane traffic e.g. including the encapsul ated UEs (user
equi pnent e.g. nobile comunication device) and 4G nobil e 25 base station
(MeNB) s f amatydisigfthe 20palygyore dilr £ dedichtédintdréacd 50D @b thedluppling Stbsystemer ver
613, through the standard user-plane packet domain core chain (e.g. 4G base
station (eRB})601 4 SS-GN607 4 P-GW4 Tunneling Application Server).

When arriving t i i j ser LS Use |

traffic may be g)ed(i:%g? u#g?g{éﬁ rggac#}agésis/ﬁgd gllta bl?ﬁ’ew}geﬁ%ii%ﬁﬂé%}ldﬁ ngvlglszé1 g’uch

t hat each MaNB)Ge serdéo thedvirtual'cdG éptivoally) dbakastatict which mayMeiB)pait of thef ol ded

acket o5y A BHAia; G O HRVMATBE Pl DAMIEEY RBTHohEeR NS 016
such that @R ACWIRE hiayPass sei@ e hoblieNFG de%ﬁis%eﬁétﬁﬁsas (MBSéU@é 4G
base station (éNB)to the LTE Core Segment 602

2012/ 07004 MNBst) 20p0do€)5 0Re.2 p2Besidhasg pdvketst anddthedt hEhed/TiRstNICtionsCog.2 Si

i nterfaces: 1-U.611 for.th ser-pl ane data angd .S -MVE.610. f.0 he
contyor ot it omratdisiy AF aHS Thadlof) Trefs kit &l fegRatd; ¥me oSl W -
4G base st giuhfdlingS\B} A K0g.er f aces: 604 vs. 610 and 603 vs. 611. For

Qut bound sessions this process is mrrored accordingly. 5It is appreciated
that Fl9. 15 maWsingr these phadhed fipstrugtionstthe fynaeling Subsyptenf S8& isitypreatlyel i ng

Server alternativ Figs. - i Lu a ] he
present i n\ggn |“6€nei? n{:()inﬁldlthr?g egﬁap f‘;\i-@%n%gcggclg %uﬁﬁ%gg‘geﬁgg%l%ge&ggg%g Ssgigfo 16a
and a nmul t M$apbilacominmitatibe devite (UEFwhichlilronAediel twomlbsbidd, 4R (cay ¥ badee
provi ded. Using the term nology of co-pending Published 10 PCT Patent
Appl i cat i oftagR 2@&%9%@@}@@@@%&5'dE@maaparT@omm%?d prrkelpare Moy t h

Movi ng Bas%,l'ﬁ% [ r | NN i
Therewi th" ,” %t a@&g%%&&ﬁ??h%@%?ﬁ%%ﬂ%% Z'%g%(aSﬁIrﬂI@s U@??r% é%?s a nﬂg(g%@ﬂ?o t he
next rébaySi2inbdibe térmbibbdb to rib¢ \woniMBaskirestedt packets ise a amgle§]1-lAr@utbound ar | y
fromthat node tao the cqore, These nmessages .incluyde, in dition.to at the
end uni t ofnt?q%@erwgwﬁ%%mm@rﬁe%ﬁo grelpegt ?ﬁf(spmaﬁg}mﬁ%ﬁ o sof. _
provi ded byt hgnf eﬂeﬁ)éaﬁ%ag.@resﬂe?e&é Emthémgflo ﬁ'gaﬂlﬁﬁéﬂ%ﬁﬁod fhat ﬂethpt?oﬁjg)lr lt' on

of the relay serves 3 end units e.qg. the end unit of ay

(r MS) transéaits theersagese thhinudbilect@(@g.) basetstasiont VBS eegydMeNB) ss lotited. may be
transferred as foll The end unit of. the rela r ma enerate a

payl oad by mul tIFtﬁ eﬁﬁmﬁb‘mgﬁteér’ﬁ?oﬁ’_faﬁ‘&h%ﬂf mgegg’é‘ﬁﬂﬁ%’g?sgqnt §¥ It%’ Qeé‘ﬂlrl@% Thi's
nul ti pbexi RGplBationBeritq ltbiativOcdnfifFiBh s@itabkefor ah N THIbdsed tARulhiepRoknd
units which are connected to the relay radi o/resource manager (rRM. In

practi ce t kigsasshawmindiignly. g 46ebast satipe deMol)tymieal lyanelidesaioh: izede
manager (rE . g, .a ne o of f.al lgw,ng st.e sui.t apl
ordered e. 5‘%&%‘%? & ﬁbe\ll/)\ng ot é)l'Uaéad.z' aﬂ?eéfrlg/pélg érogdlAgﬁ)rr ed ‘Esi%ceiesr%l t:"slc{g;eayrl

(r RM comundyeat e3GC amvbaiat bayaakiapomi %\}IENIB)S 2AxeppRnd ag4ffist ajgi dAcludingotheer med
herein the rBS , and receives via the Si protocol, the data of the end unit
as wel | as eaeapgulated UEs (seseqyipmangp.g. mobile commpgication devieg)darg #E@duehilee

reneschs( Bl B BHENS i B0k, 5 BAPE BEMTimepus A,
Server 613, through the standard user-plane packet domain core chain (e.g. 4G base
station (eNB)601 = S-GW 607 =» P-GW = Tunneling Application Server).

When arriving to the Tunneling Application Server 613 this user-plane traffic

may be decapsulated recursively at the Tunneling Engine 614 such that each tree

30 underneath each 4G mobile base station (MeNB) is unfolded and disassembled to
separate clear, non-encapsulated packets. All these packets may be forwarded to the
Virtual Radio Access Network Manager 616 such that each 4G mobile base station
(MeNB) is reflected as "virtual" 4G base station (eNB)to the LTE Core Segment 602



30broadcasts it to the next base station. None of the units of a
conventional network would know how to read this payl oad. Therefore, an
appl i cat iwo 20ev076044 e.g. as shown on the top left of Fi @ST/ILBAI/0500BC, may
be added to the core. The above rel ay2% adi o/ resource nanager (rRM payl oad
WD 2012/ 070044PCT/ 1L2011/ 050022 29 is transferred to the application
server, by the network which is conventionally able to do so. The
application server knows how to "open" the end unit of the relay (rM5)
nmessage anaisimgnhesﬂandardt[ﬂ]“stMtcﬁCofeosmterfﬂaee: Skeilell fdruhe siparglane o t he

t k' t and i ncl.ud MVE t b
Ctation doden g SRS foF e capirol elbnd Oote A iniettackae SiveRb Rdordigl
base stati gf thelMBaNAPBEE SRS (NB)ERS hrSkRbs:0004(18D100hdt 613 Relay. pad

sinmul ates a | arge nunber of base stations (rBS). This reflects the Rel ays
and whoeveOutbound sessiome this hrcessas mimorad sccomdiagly. manner. According to

certai n.enbodi nts t he ade .of e ch ectl be .10 de erm ned
by two Tactors: ThHEPPERBaife R o Rng i@ A Bt BF a3 B e oo <

Ratio (rsSlsl}lﬁ)unnkﬁth%j/éj-l’hq:tﬁrﬁﬂvéM th the statistical behavior of t he
reference signal’'s Signal to Interference-plus-Noise Ratio (rsSINR), e.g.

by changing its Figsah r—dlﬁﬁ\ﬂlléﬂtllatm emb@dmmmg%them@ﬂen@mmemMylgm as

foll ows MY cilo ity
gr ade resul?w&/ba%g re %)d%g%ljga%tﬁ:e'g 21\/6§n I'f ﬁl'ﬁﬁ%oglatlo t%t(lg%a

| nt er f er engebpA ustwiek sERaaf/s re (pEAVNR). ¥Jsiirgabe ﬁﬁdlrioltgye)fadcepaﬂufg@ubﬁkheans
i.e. its behavior al | g)gssthrou this sectlon the quality

oy belPeq BiauPate Andreation avoyi 1D836es, feattich el ¢ emrBBization Sysiomne

term Q&R ( r i

publ | shed S pPalE e, Sallbhe An FistNTAhEPHETE (RERI. 1 ERHRERKO
Communi cat thlareﬂ@thay&)b&md\MmﬂIoMxﬂrdgy,me aeMy, atansfess Anksddge hodise Aed rélppar at us
Useful In Con n Therew th' Th r e, | hetabl of Fig. 17
mey be conémrltfile(é@ﬁo etk Bate tioaris e aaﬁﬁu%r@fﬂrﬁqm et ppge- @he ¢Ppearing
n the priGhe@d helshi&IAHUAE iRTdlifioR 6 WHARME Enltihnt dfftRe SHEF IMOARIRRIs T3S
stipulated in the t Seerrlng now to Fig 8, a virtual” base station

server 1§v Bﬁtsw)lformhw wbrchﬂsj proidedrbyatht trelay basle| sugloamiBS): &b examsple.vi€the may
be added t

say, a or other suitable c Iulrc re.n r
ol at o5 b SHaT LS Tl el dpd WSS 450BoMBolth 668 hnOf BERHEY [V say)
core. transfCRem¥dsh éé%hl@ﬁ%@lat%t Rt thede fedevEid ﬁﬁlrfb CIHMBfal el @Rekebddsz base
station (eNB)as 30 we as non standard conmmuni cation neans |ike satellite,

as a virtudollowsd l@teatdumt ofothe rrelau'(EvIS))mymm«a payload byrmulfiplexiigi ¢rg
that ¢ hese cars ol et el 5 a0y Tl celodre TaSL Tt ¥ v
2012/ 02004 4ftofhadtlof0 pdAAIRBE2% the three end units which are connected to the relay
radio/resource manager (rRM). In practice this multiplexing may be effected by the
relay radio/resource manager (rRM)e.g. as per some or all of the following steps,
suitably ordered e.g. as follows:
a. The relay radio/resource manager (rRM)communicates conventionally with its
25  own base station, also termed herein the rBS , and receives via the S1 protocol, the data
of the end unit as well as data of its base station.
b. The relay radio/resource manager (rRM) multiplexes the data into a single
payload.
c. The relay radio/resource manager (rRM) transfers this to its rMS which
30  broadcasts it to the next base station.
None of the units of a conventional network would know how to read this
payload. Therefore, an application server, €.g. as shown on the top left of Figs. 16A —

16C, may be added to the core. The above relay radio/resource manager (rRM)payload



30 network. The BGWis connected to the IMs entities, the CSCF and the
PCRF. The MGWis connected to the M3CF. The Tunneling Application Server
(vBServ) we2omiestted to the MME and the S-GWof the LTECTArL®i1assoa2virt ual

eNB. The present invention ¥ intended to include a base station
effecting any portion 5 of any of the functionalities shown and descri bed
her ei n. The present invention is also intended to include a handset

effecting any portion of any of the functionalities shown and descri bed
her ei n. is tradsferted taple appliwbtich sdmedr, by theoneswerkbwhichentenvehtieradlyiablestot i on

e.g. as shqwn apd descri.bed herein are useful jn conjuncti.on with bile
Communi cat ABonAGPRICIOR FETER KBRS BOTE 19ReR oo ek PR Oft A GMS)

net wor k i nelddghoBanad c6fVest QY saRdAI S 13forhBThe QRS eSTHAL ispedkd 6 it lciverkis t he
system conprising a plurality of base stations; and a popul ation of nobile

stati ons cetandard catei mgluding theMYiRand W-GW, just apthedasa siatiamndpes.t he base
stations includi at least 0 NDVi base station which, comuni cat.es via
antennae w.th tﬁggrﬁ?f)‘fefe‘s s%?&f?’nslné?ﬁalgiaﬁgﬁ%dlggw?f _sesegﬁ atai Bﬁep%#b%'o lity,
a first rage@voldsd¥8nRdMBasa SethtidRirBS) 6f the Relyand einnQates & latghlmbe? off Bast ed
with the base station functionality, the base station functionality having

a physi cal stetiens @GBEhddus wileets thenRelpys and wherver isenoapeated thieeetd,jin gtstandaido
manager ha\ﬂ{a@g 2 physi cal connection with the nobile station functionality,
the mobil e ™€Tati on functional i ty communi cating via antennae with at | east
one sel ect abl e $cabdrdingbfs tertiirmbmdBdimdB] eheqlidiRy forddet off @dh ectivragay b0
conprises a radjo_resource nmanager; and functiqgnality for_ recei Vi-gl%ise

i nf or @i odeterrained iyt dentery: ithr BrferaRGeopiend) s signel ¢ detedereasraplupdo
respecti Ve'Rlé%ig ‘lﬁgﬁg?}fﬁ%ﬂm tcﬁ&ﬁ‘ With The! &&isﬁ@ﬁe?e%%} QP the PRdh QY sigﬁdl%g the

i nformation er to reject at least one nobile station
seeki ng t o Skgnak aoV berfigrerase-plusiNuisel URhtid (sSINRAL ie@n s sshanging ditsvistandadde

enbodi mont dEBRIETE SHFEIRE] SROBOGClgE M gt s AW IE FREE AhHEL: o B0
suitabl e fgrgfai Ghednp ité‘mfﬁcgﬁélﬁ?%rﬁd?: a&ﬁ@hmé;r blte%éﬁcee,nseaas&eﬁlavénsif%&r ved

by anot her relay rather eing served directly by a base station.
It is &ppr Segnat edintérferencaplusdNoiserBatio (BINR)isogoadrandi thereraré o, devigtionss i.e.hown

and described herein ar i,fabl e for licatign to.a w de variety of
mobi | 6 comirHEERioH St Beith B giedeh B sesiin e ashify MalyCher it el
Evol ution ¢hef&bre, §t§s@r§gq%§tgl feBud®abi | e network technol ogy which provides
the foll ow ng features: 2012/ 070044PCT/ 1L2011/ 050022 31 Peak downl oad

rates of 326.4 Whett¢rm QER fqualingrede zesulthisch krowig tavyi deseribedr inpozpendingnnae

(ut] ;i 21 "9 501 e Sgﬁrt PRSS Eq;q%ﬁgatgﬂlﬁ%f@a} Zor#g%ﬁ:egn{l%{ “CelfarmimiRtides for

20 System With Moving Base Stations And Methods And Apparatus Useful In

Conjunction Therewith”

The terms in the table of Fig. 17 may be construed either in accordance with any
definition thereof appearing in the prior art literature or in accordance with the
specification, or as stipulated in the table.

25 Referring now to Fig. 18, a virtual base station server (vBServ), also termed
herein a “tunnelling application server, may be added to, say, an LTE or other suitable
cellular core network that emulates base stations that do not have direct connection to
the LTE (say) core.

The virtual Base Station server can connect standard 4G base station (eNB)as

30  well as non standard communication means like satellite, as a virtual base station to the
LTE core network.

The Tunneling Application Server (vBServ) and Border Gateway or Media

Gateway differ in that these entities do not imitate base stations toward the LTE core



5Five different term nal classes have been defined froma voice centric
class up to a high end termnal that supports the peak data rates. All

t er m nal sweai2bi2/i7e04abl e t 0o process 20 MHz bandwi dth. At IPeagt2020050a2% i ve
users in every 5 MHz cell. (Specificaly, 200 active data clients) 10Sub-5
ms |latency for small | P packets I ncreased spectrumflexibility,
W th supported spectrumslices as snmall as 1.4 MHz and as |large as 20 Mz
(WCDVA requires 5 MHz slices, leading to sone problens with roll-outs of

t he technohetyork. nTlmoBﬁitWiiesonﬁeeted 6 thedMSs entitonthenCHCEIand ghe FERIdlhet  of

S0 G and MaMLen SoTE: ) 1 MGH The Hnghos appReioncttaalaRsti Sor |
bandwi dt h E&Enebﬁa@csﬂfeMME andtheS GW ¥ thO ETEQRBrdd% JifiealWNB Yy band to be used

in rural areas, supporting an optimal cell size of 5 km 30 kmsizes with
reasonabl e per f Ghegresent 1a‘mzlltlgp ig imtended kaninghide adiasestatierppfdecting any phrtion

accept apl e perf ce n..city and rLeas hi gher 20 frequency bands
(such a Em@—é){tgap m%ﬁhgesh avnta(?d({? ? ﬁreblh speed nobil e broadband. In

this case cel | Thé pRSentaivedtion @m&mmmemd @eRde 2UHandNet effedtinghy Ipbition Hi gh
performance nobile data is possible at speeds of up to 350 kmh, or even up

to 500 km Rf amseqfcheifungtionplitifeshomacanddlescribad ergdied.  Co- exi stence with | egacy
st andards (user re jyn an
area using an L%ﬁ%&gfeaa%?%gtﬁgﬁ: &Gﬁ%&ﬁgﬁg@ﬁpﬁ%@%ﬁg@%ﬁ%&?@ a%l Shga'tn on | nue

t he oper at ideseribed hetdin ay udeful Gm conjunbedr widh & mebily colnihERiaGon rnetwork

W CDMAbased UMIS or .even 3GPP2 networ ks such_ as c ImaOne o 000) .
Suppor 10 osYSUSSERETENYR ini CORRNCERHAHE a@r@%@% lp? B éﬁéyrq\éqvmm?i at l%ﬂ?ts

feature cap,delikepass Sidione the YghedSc d\@é}i hgast Keati d
mfrastructlaﬁre ; daS!§ %{0 a con%e%‘?to asé’g TV brolact) (S:aaéut1 aThe
features oboﬁilhﬁ'd%%f mbhie anatlomsnd:camhameatufg tﬁh‘mtemnm with the base statid®sathe
downl oad rgt es up to.?2 Moi t and upl oad,rates gg a 71 Mitl/s éjseeﬁndi ng

on the use aﬁqu RSninc %Btr )l/east one moving base stati wh1ch communicat
antennae with the mobile stations and includes base station functionality, a first radio

15 manager and mobile station functionality all co-located with the base station
functionality, the base station functionality having a physical back-connection to the
first radio manager, the first radio manager having a physical connection with the
mobile station functionality, the mobile station functionality communicating via
antennae with at least one selectable static base station, wherein the first radio manager

20  comprises a radio resource manager; and functionality for receiving information from,
and sending information to, other radio managers, respectively co-located with other
moving base stations, and for using the information to determine whether to reject at
least one mobile station seeking to be served by an individual base station associated
with the individual co-located radio manager.

25 It is appreciated that various embodiments of the invention e.g. as shown and
described herein are suitable for multi-hop applications in which at least one relay is
served by another relay rather than being served directly by a base station.

It is appreciated that various embodiments of the invention e.g. as shown and
described herein are suitable for application to a wide variety of mobile communication

30 technologies. For example:

3GPP Long Term Evolution (LTE), is a standard in mobile network technology

which provides the following features:



WO 2012/ 070044PCT/ 1L2011/ 050022 32 Low data transfer |atencies (sub-5ns

| atency for small | P packets in optinmal conditions), |ower |atencies for
handover woQooinedti on setup tinme than with previ ous r&draLzaeves22

t echnol ogi es. Support for 3lermnals noving at up to 350 kmh or
500 knf h depending 5 on the frequency band. Support for both FDD and
TDD dupl exes as well as hal f-duplex FDD with the sanme radi o access

t echnol ogy Support for all frequency bands currently used by | M

systenms by | TURs 10FPeak ddvenlbadeidsdif326.4. Mbithsifor SxdMuitennae Nrdd 173.8\Mbitand 20
MHz are standardi zed. Supﬁort for cell sizes fromtens of netres
radi us (fefRigXdratepnejatliziag 20 MHg of spgctewny)-tBli us nacrocel | s
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GSM EDCGE, kiugls anebWiAPR]00, W MAX. . .
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It is appreciated that various enbodi nents of .the ipvention e.g. as shown
20 and Hescr i bed her B SFETES PRI CIioRes g0F 1Sk (BN PTES SAHF SEREGTRAN

t echnol ogy it ' aRsSsd SO0MR:s DUl inak lwiftffhet he
above feat ﬁ?issw a%ghtLélhg %%%ﬁjcglg{ iﬁg)pgﬁith gglra\gira atiOI‘Sl J;lt atﬁlgltgilgg(vzll%)b[%] of

radi o t echabledgprwsed@diMHedandwidticr ease t he capacity and speed of nobile

t el ephone networks. Its f res may_i.ncl ude |l .of o0 2 I Nodes
nobi | e communi cat i onAaz‘?ﬁsﬁgéqj?J%ve éﬁs l?fvgwtsemgg‘%ﬁ'ﬁp%%gcaﬂlgr Egﬁﬁﬁ%{ﬁ and
diversity Whi¥lients) Scal abl e system bandw dt h exceedi ng 20 MHz,

Potentially up to 100 MHz 30Local area optim zation of air interface
10 . Sub-5 ms latency for small IP packets

Packet switched radio interface.

. Increased spectrum flexibility, with supported spectrum slices as small as
1.4 MHz and as large as 20 MHz (W-CDMA requires 5 MHz slices, leading to some
problems with roll-outs of the technology in countries where 5 MHz is a commonly
allocated amount of spectrum, and is frequently already in use with legacy standards

15 such as 2G GSM and cdmaOne.) Limiting sizes to 5 MHz also limited the amount of
bandwidth per handset.

. In the 900 MHz frequency band to be used in rural areas, supporting an
optimal cell size of 5 km, 30 km sizes with reasonable performance, and up to 100 km
cell sizes supported with acceptable performance. In city and urban areas, higher

20  frequency bands (such as 2.6 GHz in EU) are used to support high speed mobile
broadband. In this case, cell sizes may be 1 km or even less.

. Support for mobility. High performance mobile data is possible at speeds
of up to 350 km/h, or even up to 500 km/h, depending on the frequency band used.

. Co-existence with legacy standards (users can transparently start a call or

25  transfer data in an area using an LTE standard, and, should coverage be unavailable,
continue the operation without any action on their part using GSM/GPRS or W-CDMA-
based UMTS or even 3GPP2 networks such as cdmaOne or CDMA2000).

. Support for MBSFN (Multicast Broadcast Single Frequency Network).
This feature can deliver services such as Mobile TV using the LTE infrastructure, and is

30 acompetitor for DVB-H-based TV broadcast.
The features of E-UTRAN, the air interface of LTE, are:
. Peak download rates up to 292 Mbit/s and upload rates up to 71 Mbit/s

depending on the user equipment category.



Nomadi ¢ / Local Area network and nobility solutions Flexible Spectrum
Usage Cognitive radio WD 2012/070044PCT/1L2011/050022 33 Automatic and
aut ononousoreetvonda4conf i gurati on and operati on EnhancesCpnemodiivg22and
forward error correction Interferenc® nanagenent and suppression
Asymetric bandw dth assignnment for FDD 5Hybrid OFDVMA and SC-FDVA in uplink
UL/DL inter 4G base station (eNB)coordi nated M MO It is

appreci ated that various enbodi nents of the invention e.g. as shown and
descri bed hereim arelswi tablteankfer latppdies ftubefims tatenti-fad \saratlelP padkietsoinogy as

well as to technol agi es. possessi ng so ut not all of the above features.
TOW M (PRER SRRk SO aRnP ey T Qo ey Gk samection sstop S han %7

t el ecomunipeRiduRREdie a8 REhIdIG ies?r OVi des fixed and fully nobile Internet
access. Features include: Addi ng support for mobility (soft and

hard handover betweedubpartfastterninals movitig & upstosd@rknzh oph80 dependgig
irrportagt aSQﬁC s of 86)2. 16e-2005, and is the 15 very basis of Mbile
W MaX. ~ sc 3P egﬁ%uef“f?'e §3t Fourier transform (FFT) to the channel

bandwi dth in order t@ukg&p fdrhsotl FDD ahd S0 iduPlek@Nsd Aol a8 HalSduplixf FBDENt
channel bandwi dths (typically 1.25 MHz, 5 MHz, 10 Miz or 20 MHz). Constant

carri er spadthile pameirad gogess tegbgalosy spect rum effici ency in w de channel s,

GFow ( Sarowey - <t hoRetAE AL EAPRT o by BB 60 IV HRAR BRI

standard, Rt because the all owed FFT subcarrier nunbers are only 128, 512,
1024 and 2048, other freciuenc bands will naot have exactly the sane carrier

spaci ndgY which #i ght Fixibled iftha L -4TM1HZ1!> AoV Reh Vi bﬁM}lIZ and 20 MHz are
standardized.
. Support for cell sizes from tens of metres radius (femto and picocells) up
to 100 km radius macrocells
. Simplified architecture: The network side of EUTRAN is composed only
15 by the enodeBs
. Support for inter-operation with other systems (e.g. GSM/EDGE,
UMTS, CDMA2000, WiMAX...)
. Packet switched radio interface.
It is appreciated that various embodiments of the invention e.g. as shown
20  and described herein are suitable for application to LTE and/or EUTRAN technology as
well as to technologies possessing some but not all of the above features.
LTE Advanced is a 4th generation standard (4G)[2] of radio technologies
designed to increase the capacity and speed of mobile telephone networks. Its features

may include some or all of:

25 . Relay Nodes
. mobile communication device (UE) Dual TX antenna solutions for SU-
MIMO and diversity MIMO
. Scalable system bandwidth exceeding 20 MHz, Potentially up to 100
MHz
30 . Local area optimization of air interface
. Nomadic / Local Area network and mobility solutions
. Flexible Spectrum Usage

. Cognitive radio



Advanced antenna diversity schenes, and hybrid automatic repeat-25 request
(HARQ Adaptive Antenna Systens (AAS) and M MO technol ogy Denser

sub- chanEPi20 4760344 t her eby i nprovi ng i ndoor penetrati oRCTAL200H0®022g Tur bo
Codi ng and Low Density Parity Check (3DPC) I|ntroduci ng downlink

sub-channel i zation, allow ng adm nistrators to 30 trade coverage for
capacity or vice versa Adding an extra QS class for Vol P applications.

WO 2012/ 070044PCT/ 1L2011/ 050022 34 It is appreciated that

vari ous enbodi nent s Afutanheticiand @ntonomoss getwark eoinfrgnratinol ankkeparatied herein are

suitable for application to WNMix technol as well as to technol ogi es
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in an ternative_ ipplantation, the sanme el engnts m ght be defined as 15
not mafdat ory am]\'ﬁ‘gg r&‘iﬁ‘ilﬁi‘@’deorlmﬁrma Win MiciPyared Asresshether.

It is apprgfiRhfsdi ?Rgn@égt i i

i ncl udi ng ge?%cgr ans éﬁgnﬁﬁgﬁﬁ%&hﬁ? dé5| rgé@( %@ﬁg??ﬁz% iglﬁl@{R&%I&ﬁ'ead
onl y nenor ¥athmws mciudet udi ng CD- ROV6, EPROMs and EEPROMs, or may be stored

|n_any other suitabl g Gonputer .r £adabl e, M £ 4ol Faniiler Rhwdch ST 1
stations). This is seen as one of the most important aspects of §02.16e-2005, and is the
15  very basis of Mobile WiMAX.
. Scaling of the Fast Fourier transform (FFT) to the channel bandwidth in
order to keep the carrier spacing constant across different channel bandwidths (typically
1.25 MHz, 5 MHz, 10 MHz or 20 MHz). Constant carrier spacing results in a higher
spectrum efficiency in wide channels, and a cost reduction in narrow channels. It is also
20  known as Scalable OFDMA (SOFDMA). Other bands not multiples of 1.25 MHz are
defined in the standard, but because the allowed FFT subcarrier numbers are only 128,
512, 1024 and 2048, other frequency bands will not have exactly the same carrier
spacing, which might not be optimal for implementations.
. Advanced antenna diversity schemes, and hybrid automatic repeat-
25 request (HARQ)
. Adaptive Antenna Systems (AAS) and MIMO technology
. Denser sub-channelization, thereby improving indoor penetration
. Introducing Turbo Coding and Low-Density Parity Check (LDPC)
. Introducing downlink sub-channelization, allowing administrators to
30 trade coverage for capacity or vice versa

. Adding an extra QoS class for VoIP applications.



20 various kinds and RAMs. Conponents described herein as software may,
alternatively, be inplenented wholly or partly in hardware, if desired,
usi ng corwernbianed44t echni ques. Conversely, conponents destniiedoiverei n as
hardware may, alternatively, be inpleiented wholly or partly in software,
if desired, using conventional techniques. Included in the scope of the
present invention, inter alia, are electromagnetic 25 signals carrying
conput er-readabl e instructions for performng any or all of the steps of
any of the nethods stisappmeciarddsieat ivagouseilsidiments ofithy isvwentiabkeg. ay stefvn

machi ne-readabl e i nstructions f erformng any.or all of the steps of any
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storage Fje‘{écﬁﬁélogi%égﬁ%ggéggysto@%gﬁtialltcﬁflﬂé g&aoe%gtaaféw ng a program of

i nstructions execut ne to 30 performany or all of the
steps of any of the Mdrhgdsersitygvie mathodesmd systechstshownrand idascaibygd beretradsl e

order; (o ut er.. ram product conprisi.ng a.conputer useabl e, nedi um
having SomPEPErPPUSHHIET-E restmarRreeel® ax UH aeblieRliEde Bratecclonbich AEs, poly
enbodi ed t RihGEL 1o ARGhOFild &ﬁﬁrﬁgﬁieﬁio%ggﬁfgkﬁﬁ /sgégfg%llly EndRtiBRsERerSiadRt have

perform ng, any or all of WO 2012/07 PCT 050022 35 the steps of
any of t he retevandtatweroweommpndberewithed herein, in any suitable order; any

techni cal effec broyght about by any or .all of, t teps .of an f the
ot hods. shon afiP et issBtRe apeoflh e ars Sivehdtd . ABRaR BB otrer
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and descri ‘B‘é“i’inﬂﬁﬁ%ﬂﬁce ix{‘ax%l}’erﬁé{iv%arﬁlbf‘an&[t]i@ﬁf éhe%aﬁ&f; %%’tsol’h?g%ﬁ ;;)Qrd@ﬁinéﬁ' & 1N
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order, eit ludihg(eD-ROMs, ERROMsand GERKAMs serfrhayabestoradin aoyrpiieesuitabkdabl e

or machi ne-readabl e di a cdescribed,.herei,n is,]nt.end t.o i nclude
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conput eri zed nethod. Any step described herein nmay be conputer-inpl emented.

The i nvent beimplemented rwhodlyr o prilydn hardayare, ibgesirad| using conyengionalgechniques.
conputeriz nethod to identify a, spluti.on to,a of the pr.abl or,for
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probl em or obj edngluded igethe sporegoibedirpsent fyeption, duiep aliti #1g dlesirogrrgticon.
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machine, tangibly embodying a program of instructions executable by the machine to
30  perform any or all of the steps of any of the methods shown and described herein, in any
suitable order; a computer program product comprising a computer useable medium
having computer readable program code, such as executable code, having embodied

therein, and/or including computer readable program code for performing, any or all of



a specific exanple which is not intended to be limting. Devices, apparatus
or systens shown coupled in any of the drawings may in fact be integrated
into a siwgl2eizpl7edsiormin WO 2012/ 070044PCT/ 1L2011/ 050022188 1Te50022 n
enbodi mrents or may be coupl ed via any3Sappropriate wired or wirel ess
coupling such as but not Iimted to optical fiber, Ethernet, Wreless LAN,
HomePNA, power |ine comruni cation, cell phone, PDA, Bl ackberry GPRS,
Satellite including GPS, or other nobile delivery. It is appreciated that

i n the deschd péps@t aandf dieamethgds shoomandrddséribdd dereimdn ahe switable order; any
functionalities described or illustrated af systens, and _sub-units thereof

can al so b&cBrigah eftsqtsronght ghont by, any peald o H@r%msmlaﬁy 05#& mpetheds $odm; ¢ i es
descri bed Qg ijhdcHpld Hé 2, dhe Hﬂx‘i’é% d@iin tsﬁﬁébl& Bg{ BWph {2 ﬁita%‘i’é‘?pﬂ}a%sb&

provi ded as systens a sub ts thereo e scal € use to 1lITustrate
vari ous el down¢ sr cmnblhetlcdraﬁ/muagspnogramn@i tp Eexfonmol aloye andi wmhpwcnprarm e for

clarity ation nd | not nt.ended I tin
5010] 07504 2Ball o 1hosiePoabay O e chathings shopm sud fespRbec Rerei By itebitet wor k
system havigpfra &%nﬁn&v‘?&%éﬁ hr{lﬂhdn%‘ aPriEedbdriandod cOGesingAphICAdVIRL

| east one node conprises a relay; and wherein at |east one relay includes:
a tunnel i ngn&ob-outpsit alevice and operative te fsafokhain sefgware ndnys labpyshewn and

GRS NN PR g T MR
bet ween t h@rives) oflsinita &oRSIEL &MBther device to be configured so as to carry out any or all
10 of the steps of any of the methods shown and described herein, in any suitable order; a
program pre-stored €.g. in memory or on an information network such as the Internet,
before or after being downloaded, which embodies any or all of the steps of any of the
methods shown and described herein, in any suitable order, and the method of
uploading or downloading such, and a system including server/s and/or client/s for
15  using such; and hardware which performs any or all of the steps of any of the methods
shown and described herein, in any suitable order, either alone or in conjunction with
software. Any computer-readable or machine-readable media described herein is
intended to include non-transitory computer- or machine-readable media.

Any computations or other forms of analysis described herein may be performed

20 by a suitable computerized method. Any step described herein may be computer-
implemented. The invention shown and described herein may include (a) using a
computerized method to identify a solution to any of the problems or for any of the
objectives described herein, the solution optionally include at least one of a decision, an
action, a product, a service or any other information described herein that impacts, in a

25  positive manner, a problem or objectives described herein; and (b) outputting the
solution.

Features of the present invention which are described in the context of separate
embodiments may also be provided in combination in a single embodiment. Conversely,
features of the invention, including method steps, which are described for brevity in the

30 context of a single embodiment or in a certain order may be provided separately or in
any suitable subcombination or in a different order. "e.g." is used herein in the sense of
a specific example which is not intended to be limiting. Devices, apparatus or systems

shown coupled in any of the drawings may in fact be integrated into a single platform in



and a nobile station or a node which is further fromthe core than said
rel ay, wherein the tunneling subsystemis operative to performthe

f ol | ow ngwoanidab@4arriving froma base station subsyst ecrhetoongionze t o
anot her node from anong said pluralit3 of nodes: 15collecting said data,;
and encapsul ating the results to be sent in an individual session
into packets and sendi ng said packets to said Backhauling Link Subsystem
2. A systemaccording to claim1l wherein said backhauling |ink subsystem
20conpr i sesertain athbodiments dritaiy bocoupdddsvia any bpproplidte evist afr iwireldéss camglinger

base stati on. . A system according cl al erein sald backhaul i ng
i nk _subsyé‘f‘é‘rﬁsgﬁ‘ﬁﬁﬁ li*_egegw mmﬂmﬁﬁehﬂréma@%?%ﬁﬁgpwﬂ % m 1
wherein a goMifRichl& delYphShe, FDA EBREK GPRSSHePACHRIRNgSGPEbr Rier NE
Backhaul i ng Li nk Subsystemtd an upper |ayer of the networK topol ogy, so as

to i denti f yokilel dediveryorde is oppreeiated| thet im thendeseaiption land rdvawinigs chown drdast

one of gsai ackets originated.. 2012/ 070044PCT/ 1L2011/ 050022 .38 .6. A
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perform t hendrQfl Qi NS0 HRMproVided 33 Imedbds ahd isklps GhireWithRl AnBaukétnhlifias Li nk

Subsystem from anot her node: collection of thée incom ng data; )

5de- capsul descohedior tiHastiataso nasnmethetls and steyis| therewathin pasy alsg heopxpivided as

de- capsul at e ackets, . analysi s _of the de-capsul ated packets,
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drawings is merely exemplary and/or appropriate for clarity of presentation and is not

10 intended to be limiting.



sorting and queuing of the analyzed results, thereby to yield individual
packets; 10conversion of the individual packets to a protocol specific to
t he net wowR,2012180@by to yi el d network-conpati bl e packet #CTaANnZ11/050022 sendi ng
sai d networ k-conpati bl e packets to an¥t her node via the relay apparatus. 15
7. A system according to claim2 wherein said data is formatted as per an S
protocol including Si protocol framng in LTE. 8. A system according to
claim2 wherein said radio |ink connects a nobile base station to anot her
nobi | e base stallAiIMS20 9. A system according to claim2 wherein said
radio |ink connects a nobile base station to a stationary base station.
10. A system according to claim6 wherein said assigning of priority
i ncl udes 25considering at |east one priority of at |east one of: a user, a
user interface, a control interface, and a service. 11. A system according
to clai m1lwher e\ihiemajhmbabndhmmwmrhgystmlhavﬁag aicooardaatprisipgsai d resul ts
into sagd packet s a X([l Y\O 012/ Q70044RPCT/ 1L.2011/ 050022 39
apl 1ty of nodes, whereln at least one node comprises a relay;
and wherein at least one relay includes:
a tunneling sub-system;
a backhauling link subsystem interfacing between the tunneling
subsystem and a node which is closer to the core than said relay; and
10 a base station subsystem, interfacing between the tunneling subsystem
and a mobile station or a node which is further from the core than said relay,
wherein the tunneling subsystem is operative to perform the following, on data
arriving from a base station subsystem belonging to another node from among said
plurality of nodes:
15 collecting said data; and
encapsulating the results to be sent in an individual session into packets

and sending said packets to said Backhauling Link Subsystem.

2. A system according to claim 1 wherein said backhauling link subsystem

20  comprises a radio link that connects a mobile base station to another base station.

3. A system according to claim 1 wherein said backhauling link subsystem

comprises an LTE modem.

25 4. A system according to claim 1 wherein a source Identity of at least one of said
packets is sent by the Backhauling Link Subsystem to an upper layer of the network
topology, so as to identify at least one source relay in the network from which at least

one of said packets originated.

30 5. A system according to claim 4 wherein said source identity includes said source

relay’s IP address.



13. A systemaccording to claim1 and wherein said tunneling subsystemis
al so operative for: sorting the results, at |east by user ID;, and queui ng

t he resulwe 2ap/sortted by said sorting. 14. A syst ecTAcmar/oionze t o
claiml and wherein said tunneling sul¥systemis al so operative for: sorting
the results, at |least by data type (control/user); and queuing the results
as sorted by said sorting. 15. A systemaccording to claim13 or claim 14
wherein said queuing enpl oys rul es based on user priority. 1516. A system
accordi ng 6o cl & sysin accordiag o tlimiiewkdreingthe tinpealing subsesgrh oy sperativestobased

on service type. 7. A system according. to clai.pn 13 or cl ai wherein
sai d tunnePPxﬁSﬂ%Hﬁifyg?\@w\gi Qn feg g ye .sa@](%ﬁmuﬂmgiﬂ%&e S-S ul ts
as queued ynSaicthedwdd:Ng includi ng deciding which of the results are to be

transmtted in each of a sequence of upcom ng communication sessions.
18. A syst em accolletting of thegh@ming dataher ei n sai d encapsul ating i s perforned

for 25 gach i ndiyi dual session, f1.emampng. sgi.d, §G400% Yod'BEON:Miea
packets;
analysis of the de-capsulated packets, including assigning a priority to each,
thereby to yield analyzed results;
sorting and queuing of the analyzed results, thereby to yield individual packets;
10 conversion of the individual packets to a protocol specific to the network,
thereby to yield network-compatible packets; and
sending said network-compatible packets to another node via the relay

apparatus.

15 7. A system according to claim 2 wherein said data is formatted as per an Sl

protocol including S1 protocol framing in LTE.

8. A system according to claim 2 wherein said radio link connects a mobile base
station to another mobile base station.

20
9. A system according to claim 2 wherein said radio link connects a mobile base

station to a stationary base station.

10. A system according to claim 6 wherein said assigning of priority includes
25  considering at least one priority of at least one of: a user, a user interface, a control

interface, and a service.

11. A system according to claim 1 wherein said encapsulating includes
incorporating said results into said packets as a Payload.

30
12. A system according to claim 7 and wherein said tunneling subsystem is also

operative for de-framing the S1 protocol yielding a plurality of results.



19. A nethod for operating in a hierarchical cellular network system having
a core and a plurality of nodes, wherein at | east one node conprises a
rel ay, thworet2nmod430 conprising: providing, in at | east POmALI0@I/630022a

tunnel i ng sub-system WO 2012/ 070044¥CT/ 1L.2011/ 050022 40 a
backhaul ing i nk subsysteminterfaci ng between the tunneling subsystem and
a node which is closer to the core than said relay; and a base

station subsystem interfacing between the tunneling subsystem and a nobile
station or 13 nodesyshint lacéadihgrtd hdaint i cand t wilgereiar said hmnelérgy shbsgdtery, is Bl ng
the tunneling subsystemto performthe follow ng, on data arriving froma
ON base sCBEPBY é’ﬁbsyst em bel ongi ng to anot her node from anong said
plurality of nodgsing @l legifis! deaiing HAD); apdhd encapsul ating the
results to be sent n an individual session into packets and sending said
packets to sai dqBackghthelrésulfs bs stte8llysgisltsortingl0 20. A rel ay operating in
conj unc%i on with a hierarchical cellular network system having a core and a
plurality of nodes, the relay conprising: a tunneling sub-system
a backhaul i1ag | iAnkystdn a¥ &8k Bt @42 ¢ iand WRir¥ReAid ARnkEE SbshderhSs SWASYSt em
and a node Mhlfh %s closer to the core than said relay; and

operative for:

sorting the results, at least by data type (control/user); and

queuing the results as sorted by said sorting.

10
15. A system according to claim 13 or claim 14 wherein said queuing employs
rules based on user priority.

15 16. A system according to claim 13 or claim 14 wherein said queuing employs
rules based on service type.
17. A system according to claim 13 or claim 14 wherein said tunneling subsystem is
also operative for:

20 partitioning the results as queued by said queuing including deciding which of

the results are to be transmitted in each of a sequence of upcoming communication

sessions.

18. A system according to claim 17 wherein said encapsulating is performed for
25 each individual session from among said sequence of upcoming communication

sessions.

19. A method for operating in a hierarchical cellular network system having a core
and a plurality of nodes, wherein at least one node comprises a relay, the method
30  comprising:
providing, in at least one relay:

a tunneling sub-system;



a base station subsystem interfacing between the tunneling subsystemand a
nobi l e station or a node which is further fromthe core than said rel ay,
wher ei n twe 2bTedditng subsystem i s operative to performpCimaLiool/hieeng, on
dat a arriving froma base stati o subsystem bel ongi ng to anot her node
fromanong said 20plurality of nodes: collecting said data; and

encapsul ating the results to be sent in an individual session into a
packets and sendi ng said packets to said Backhauling Link Subsystem 25

21. A hierarchical cel4ubakhadingotikk syubspsternnaiterfiamg cbepiveanalthe ytundielmgdes,

wh [ t | t ' | di t | ai m 20. 22. A
Syat om accOHa TEmAY APANEIEARIEF B (G LTorES SORPHRSETa node | n an .
UTRAN conmuni cat i on aution GubsYR) kALOHIN SRGEL ROMHOBAO Absgkem?4. A

system according to claim1l wherein each node conprises a node in a

wi r el ess hi er ar aid @ mobde piatien ora naste widehwsifiurther frong thegorg thee paid eday.di ng t o
any of glains 1-14, .1 21-23 wherei.n sai d petwerk.is 5 erat.ive in

Scuor dahco. w t HHE e RepeRRE P ERE ¢ PRt E S0 Niny o o8 Nind Bplia vy i
W Max.  26bash stitioh @Gbsysteml bl diidetto @hathe? Adle\ihst 8mbng 8didl predlivp bRnbdes:
operative in accordance wth at |east one of the follow ng standards: 2G
3G LTE, WFi, W Max collecting said data; and

encapsulating the results to be sent in an individual session into packets
and sending said packets to said Backhauling Link Subsystem.
10
20. A relay operating in conjunction with a hierarchical cellular network system
having a core and a plurality of nodes, the relay comprising:
a tunneling sub-system;
a backhauling link subsystem interfacing between the tunneling
15 subsystem and a node which is closer to the core than said relay; and
a base station subsystem, interfacing between the tunneling subsystem
and a mobile station or a node which is further from the core than said relay,
wherein the tunneling subsystem is operative to perform the following, on data
arriving from a base station subsystem belonging to another node from among said
20  plurality of nodes:
collecting said data; and
encapsulating the results to be sent in an individual session into a packets

and sending said packets to said Backhauling Link Subsystem.

25 21. A hierarchical cellular network system including a plurality of nodes, wherein at

least one node comprises a relay according to claim 20.

22. A system according to claim 1 wherein each node comprises a node in an E-
UTRAN communication network.

30
23. A system according to claim 1 wherein each node comprises a node in a cellular

communication network.



10 27. A relay according to claim?20 wherein said network is operative in
accordance with at | east one of the follow ng standards: 2G 3G LTE, WFi,
W Max. woO 288/07804met wor kK accordi ng to claim19 wherei nPsaiiiznedwork is
operative in 15 accordance with at |e#ist one of the follow ng standards:
20, 3G LTE, WFi, W Max.

24. A system according to claim 1 wherein each node comprises a node in a wireless

hierarchical communication network.

25. A system according to any of claims 1-14, 18, 21-23 wherein said network is
5 operative in accordance with at least one of the following standards: 2G, 3G, LTE,
WiFi, WiMax.

26. A method according to claim 19 wherein said network is operative in
accordance with at least one of the following standards: 2G, 3G, LTE, WiFi, WiMax.

10
27. A relay according to claim 20 wherein said network is operative in accordance

with at least one of the following standards: 2G, 3G, LTE, WiFi, WiMax.

28. A network according to claim 19 wherein said network is operative in

15  accordance with at least one of the following standards: 2G, 3G, LTE, WiFi, WiMax.



