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hi erarchal cellular networks assi cal cellular network
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Radi o Access Network (RAN) is conprised of base stations (BS) and nobile
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to the core segnent or to other Base Stations in a higher layer, which is
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United States Patent Application No. 61/451,339 "An IP based cellular
communication system utilizing extended tunnels"” and filed 10 March 2011; and from
Israel Patent Application No. 218046, "A multi-directional relay architecture and
apparatus and methods of operation useful in conjunction therewith", filed 12 February

2012.

FIELD OF THIS DISCLOSURE

This invention relates to architecture and data transmission methods for use in

hierarchal cellular networks.

BACKGROUND

A classical cellular network includes or consists of core segment and Radio
Access Network (RAN). The Radio Access Network (RAN) is comprised of base
stations (BS) and mobile stations (MS). Each of the Mobile Stations is typically
connected to one of the Base Stations (Fig. 2).

A hierarchal cellular network (Fig. 1a) comprises a classical cellular network,
however the Radio Access Network (RAN) segment enables direct connection between
Base Stations so that one Base Station is capable of relaying the traffic of the other Base
Stations to the core segment or to other Base Stations in a higher layer, which is
connected to the core segment.

Multi-layer hierarchical dynamic cellular networks pose difficulties for traffic

flow and management (e.g. the multi protocol-layers handling). These difficulties may



Mul ti-layer hierarchical dynam c cellular networks pose difficulties for
traffic flow and nanagenent (e.g. the nulti protocol-layers handling).
These di fwWpcol¥i2esnay - 2 - occur since the base LTE pcotibza/esoarsd core
el enents do not support this type of network topol ogy. The
di scl osures of all publications, including,patent docunents and protocols
of standards nentioned in the specificatib%f and of the publications and
patent docunents and standards cited therein directly or indirectly, are
her eby i nc®epbranedthsybaseflerle meetocatpmhrere clemengede dioh sepsediienyns of t he
%%k? tject matter seek to provide a | P based cellul ar
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RAN typically conprises base statjons (BS) and nmobil e stations (MS). Each
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connecti on between base stations such that one base station is capabl e of
relaying the traffic of the other base station to the core segnent or to
ot her base station in a higher layer that is connected to the core segnent,
etc. JUNIMARgYer hierarchical dynam c cel |l ul ar networks pose
difficulties for traffic flow and nanagenent since the base LTE protocols
and core el ement(eridn enshodsuppepf therireseniypdiselosesesumck madpioleglyye provide a
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creating a ayere8 et A BTSN S WS whi | e usi ng standard core
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provide a relay station that conprises a standard base station and several
nobi | e handsees Nefaorks gr4¥).akhcaRADb P aB 3 cRAREFGsnRpsE jstakons (BS) and mobile

stations (MS). Each of the mobile station is typically connected to one of the base
station (Fig. 1).

A hierarchal cellular network (Fig. 2) typically comprises a classical cellular
network, however the RAN segment enables direct connection between base stations
such that one base station is capable of relaying the traffic of the other base station to
the core segment or to other base station in a higher layer that is connected to the core
segment, etc.

Multi-layer hierarchical dynamic cellular networks pose difficulties for traffic
flow and management since the base L'TE protocols and core elements do not support
this type of network topology.

Certain embodiments of the present invention seek to provide a method for
creating a layered hierarchical cellular network while using standard core elements.

Certain embodiments of the present invention seek to provide a relay station that
comprises a standard base station and several mobile handsets that serve as a mobile
backhauling link.

Certain embodiments of the present invention seek to provide data forwarding
capabilities of such a relay station and how these facilitate transfer of data across
multiple relays via standard core elements.

In accordance with an aspect of the presently disclosed subject matter, there is
provided an IP based cellular communication system comprising an IP connectivity

gateway coupled to a network router and to a mobility management entity; the mobility



Certain enbodi nents of the present invention seek to provide data

forwardi ng capabilities of such a relay station and how these facilitate
transfer WO 2de420896r oss nmultiple relays via standard coPETALEIENI0878

In accordance with an aspect of the presently disclosed subject matter,
there is provided an | P based cellular co ni cati on system conprising an
| P connectivity gateway coupled to a network router and to a nobility
managenent entity; the nobilit - 3 - managenent entity l([e. 8 MVE) is
conf i gur ed MaynageraRs Caity éﬁaStM(l\éﬁ) ispeadigpecslstesstore @ lgpsir(a) i wdédmessst afidonar y
relays (b) [ f [ N i nked
relay that P (ialg%]%gg)rﬁ?a\ﬁ%gﬁr Ireﬁggi(]+)elpraedg%/ls§ffs§&§ﬁé ger%ga yt@l %q{@?e,sﬁféd(g%%rdg?ses of
mobi | e st aflinkés redaydthhiheach mdddugssotdle ralaliinketoredltaye) Matdkests oheobbiledual
nobile station is anchored to; a router for routing fromthe gateway

packet s haviHgnaang pheydidiraddeso et aninksderelyy thak eathaindiridea) mebiley statiofh i
‘ . . . -
re-routing ahalotr&etogaa{ﬁ%w f&%ﬁﬁﬁggfrtgﬁghg ggtrteg% @Qck%& ﬂaﬁlng%ﬁ@sa?id@s% gfg&mp the

novi ng rel ays or nobile stations, onprisin

connect i vi toye gefttbevayatooanyunlagatand gewoutingtthehaorpheway yadken agepeaied endn By
(MVE) for oRtaini an | P address of a_linked relay of a target nobile
Station: SOy RGT diRAEE IRy AU PTG DECHAPRBIE € he T out er
a "tunnel setting ﬁgpfeﬂfeefcanlrwmggétaﬁw B afdheesn Ofvith AR hbhKeImhflRheand i n
the case that the |inked rel a%/ having an | P address of any of the
stationary rel agstityt Mg dpepdbtaming ag IR hddipsscider linkakialay pfga itargglempbilyy a

t unnel fromthesgd%eway to the stationary rel ay; (ii1) otherw se the

| i nked rel ay do€s H0t match a stati onary relay and in response the router

re-routing the packgthd @nhb&iviRicawnayandsainseavanhltic frreat edingl petifor m ng
(i) to (iii) as many tines as reguired for obtai ni@gdg in each cycl e anot her

li nked rel ay of packe’nkadng gredy ageress pedheilinked eclpr end wuthe gsel that thedinkedhk ed

rel ays constitut] . i 0 i r ahy IS nel
segnment is set %élg%h?‘ﬁgg é@?‘ia%dﬁgiso&tahg %ﬁaﬁ%cﬁﬁg)%é@artel n’arﬁ{/% ¥ gtlegyu%g %%) t he
gat eway setti ng packeetreafltidginrseltiag anchnetlimm thaatetwey ta ths stativmarglelsggnent  (b)
a succession of tunnels each commencing fromthe gateway and ending in a
respective |inked fl Qicprise fe dnkebEdtbAost Py MRk ¢ sfatipaary relay and,in

accor dance wit hr@sgoﬁgzba@ FRR: Qfroblifs BREEAL Yo UnSCLASEA SHPI@GLTBItET
there is further provided a nethod, %\,her in the I'P Tonnectivity gateway

bei ng a P/ S gat esymytedpereaformeng () ta (LifEs comyumeasats irequired tfwoortkaining in each

cycle another linked relay of a linked relay obtained in the previous cycle; the
linked relays constituting a succession of linked relays, whereby a first tunnel
segment is set from the gateway to the matched stationary relay
(iv) the gateway setting a set of tunnels including
(a) the first tunnel segment
(b) a succession of tunnels each commencing from the gateway and

ending in a respective linked relay of the succession of linked relays.

In accordance with an embodiment of the presently disclosed subject matter,
there is further provided a method, wherein the IP connectivity gateway being a P/S
gateway operative in a L. TE communication network.

In accordance with an aspect of the presently disclosed subject matter, there is
yet further provided a method, wherein the IP connectivity gateway being a
Connectivity Service Network (CSN) module, operative in a Wimax communication

network.



In accordance with an aspect of the presently disclosed subject matter,
there is yet further provided a nethod, wherein the IF connectivity gateway
bei ng a Gu¥onrrert1i20iy Servi ce Network (CSN) nodul e, oper CITXB2012/0300% max
comuni cati on network. - 4 - In accordance with an enbodi nent of the

presently disclosed subject matter, there is yet further provided a nethod,

wherein the nethod further conprises domn]ﬂﬁking a nessage through the

gateway to the target nobile device utilizing each tunnel in the set of

tunnel s incl udi Ag acegrdanse with 9o anhodencrfegfnibatpressptly Hiscinsed el maer,
tunnel's eagh, compne H}ﬁleﬁ&ﬁm‘g& 9%?%’8‘@(, %gre%dt}lé‘gm%&loé fu%BFCéoh‘F’?%sEé nked
n ays. an

relay of the succession of ed re n accordance w

enbodi ment dofvntihlenpraaenideythaistl ths gatesubijtedie tamlet alobilt keviee udliyag chahr t her
provi ded a net hod, wherein the nethod further conprises uplinking a nessage
from the t &Myl inBesiiof FWRrsdnd¥diBagh the gateway, utilizing each tunnel in

the set of tunnels incggq'@gngghmgpﬁﬁﬁ%ﬁ§t tunnel segnent (b) the
ac

successi on of tunnels comenci n romthe gateway and ending in a
respective |inked rel ayp)ahe siheesuscessnmrs edchldomoamhcimel fays the galéneaypareks ent

invention also typically includes at |east the follow ng enbodi ts:
Embodi mont 1 1n> an | F bR 1 GRaret S AN CEES o i eEERCODr Pakel a
plurality of stationary rgj,ays, a system conprising:: an | P connectivity

gateway coupled to a network router and to a nobility nanagenent entity,;
and a router fodnreearidamge Wwitlhantdmeboganeniast, thp guksendy wWisskeed pulbiedrioatéeri s any

one of the . plurali of stationary rel s. to sai.d s ionary. rel . and
Cout ing t o Bt i Ty pRARCOD Rl S Rin Be BRUTGLALY Rt kines of

at | east onem@fagcafroMmvhdgarp&l aybiRngtvacen@hjulol (B¢ @itk @Ry, utilizing each tunnel in
the set of tunnels including
(a) the first tunnel segment
(b) the succession of tunnels each commencing from the gateway and

ending in a respective linked relay of the succession of linked relays.

The present invention also typically includes at least the following embodiments:
Embodiment 1: In an IP based cellular communication network comprising a
plurality of stationary relays, a system comprising::
an IP connectivity gateway coupled to a network router and to a mobility
management entity;
and a router for routing, from the gateway, packets whose IP address is any
one of the plurality of stationary relays to said stationary relays; and routing to
said gateway, at least one packet designated to an IP address of at least one of: a

moving relay and a mobile station.

Embodiment 2. The method according to Embodiment 1, wherein said IP
connectivity gateway comprises a P/S-Gateway operative in a LTE

communication network.

Embodiment 3. The method according to Embodiment 1, wherein said IP

connectivity gateway comprises some of: Connectivity Service Network (CSN)



Enbodi ment 2. The nethod according to Enbodi nent 1, wherein said IF
connectivity gateway conprises a P/S-Gateway operative in a LTE

comuni cawpapizedmsrk. - 5 - nodul e and Access Servi ce PREMN R0J0ARBN) ,
operative in a WMax conmuni cation network. Enmbodi nent 4. The system
according to Enbodinent 1 and al so conpris%ng an MVE configured to store at
|l east (i) | P addresses of plurality stationary relays (ii) |P addresses of
nobi l e relays and the IP address of a |linked relay that each individual
mobi | e rel ay i s naselorad tACess i Jervice adgreasedASN) motiicrasivet an i andVadk t he

| P address of a l] - t each individual nobile station is
anchored to. Enﬁéﬁ@ﬁ@%?ﬁgﬁﬁﬁg%g§stenlaccording to Enbodi nent 4 and wherein
(i) the connectivity gateway conmunicates with said MVE for obtaining an IF
address of a linked relay of a target nobile station; (i) the

connect i vi t BGRiyH t r andmEtsySIERr AGeingaiod mBedigienty 1 apd o) cosmrisiggRn
packet" hayj . | i or N i i nked
ol ay has an e Qo ReOCHAE R Rap B2 AR Ry sohird oy STEIP

rout es sai ddgasketof meslel telayg and tbetlPiaddreas plinn@ikefl rrolmy shatdeaghtiedimidublb sai d

stationary relay;. (i.v t herw se sai.d |inked | ay .does not h a

Stati onar s miRfiiag i dnebrdti 8 Sndersnobmopte Supt iRt STt et sai o
packet to s@akel BflyanaeNfhdiBRSALRMIY sREbA ArdFchGedtd. - (ii1) at |east one
time for obtaining in each cycle another linked relay of a |inked relay

obtained in the previous cycle; said |inked relays constituting a
successi on of Iinkqg relaﬁ%bs wherein-a.fi,rst aunnel s%gnent is set

fromsaid gé@%ﬁ%&e sai d matehed % ?éﬁ%??mPgF%§? ?ﬁ%“ﬁ%?%may setting a
set of tunnels incliy@hdGonnectivity gateway communicates with said MME for obtaining
an IP address of a linked relay of a target mobile station;

(i) the connectivity gateway transmits through said router a “tunnel setting
packet” having the IP address of said linked relay;

(i11) if said linked relay has an IP address of any of said stationary relays,
said router routes said packet, resulting in setting a tunnel from said gateway to
said stationary relay;

(iv) otherwise said linked relay does not match a stationary relay and in
response said router is operative for routing said packet to said
gateway and repeatedly performing (1) — (iii) at least one time for
obtaining in each cycle another linked relay of a linked relay
obtained in the previous cycle; said linked relays constituting a
succession of linked relays,
wherein a first tunnel segment is set from said gateway to said

matched stationary relay, the gateway setting a set of tunnels including

(a) said first tunnel segment; and
(b) a succession of tunnels each commencing from said gateway and

ending at a respective linked relay of said succession of linked

relays.

Embodiment 6. The system according to embodiment 1 wherein packets

are bounced back to the IP connectivity gateway by the router.



(a) said first tunnel segnent; and (b) a succession of tunnels each
commencing fromsaid gateway and ending at a respective |linked relay of

sai d succeez20§151 i nked rel ays. 6 Enbodi ment 7. The sy®C@mLzazoiodisng to
enbodi ment 1 wherein packets are bounced back to the gateway (e.g. P/ S-GWN
internally in the IF connectivity gateway py virtue of the IP connectivity
gateway recogni zing a destination |IP address as its own address. Enbodi nent
8. A dynam ¢ hierarchical cellular systeminplenmenting nmulti-hop

encapsul ati on, the system conpri sing: a core including an nmobility

managenent enti I P co C j t : f.aci rew th,
at | east one st ?‘?@%@g 7St ati gﬁgcs %Jt}é#e%/ccg@%\qu (F’mg(it)(ﬁl e@ %a%%lgéégg ﬁ&etéﬁti ty
and the | Pagoboestdvhdck @athewayeway t(bg. PM-6&W) internally ihewst IPooendetdvini dual
noving relay coupled to at | east one individual static base station and
i ncl udi ng &2BBY P¥ véiu efdhe HUsRnEG A Sievandecoepate sdeptingipnrlfdeicona i ty;
and %okx%aﬁh Qpe nobile station coupled to at |east one of the static
base station and tFle ‘novi ng rel ay; wherein the core conprises an
encapsul ating router, whose routing operations encapsul ate nessages to and
fromsaid at | east one nobile station, wherein the encapsulating router is
coupled to the I P connectivity gateway, to the nobility managenent entity
and to theHpwanheHal st atd ypase BbakdRel CbRuhdysint hepibnehiidrali-Rgyi ng
relay connects to the core.

encapsulation, the system comprising:

a core including an mobility management entity and an IP connectivity gateway
interfacing therewith,

at least one static base station coupled to the mobility management entity and the
IP connectivity gateway in the core,

at least one individual moving relay coupled to at least one individual static
base station and including a mobile station functionality and a base station functionality;
and

at least one mobile station coupled to at least one of the static base station and
the moving relay;

wherein the core comprises an encapsulating router, whose routing operations
encapsulate messages to and from said at least one mobile station, wherein the
encapsulating router is coupled to the IP connectivity gateway, to the mobility
management entity and to the individual static base station via which the individual

moving relay connects to the core.

Embodiment 9. The system according to Embodiment 8 wherein the router is

operative to route IP-packets arriving from a source external to the core.

Embodiment 10. The system according to Embodiment 8 wherein the router is
operative to route IP-packets arriving from at least one static base station under said

core.

Embodiment 11. The system according to Embodiment 8 wherein the router is

operative to route IP-packets arriving from an IP connectivity gateway within said core.



Enbodi ment 9. The system according to Enbodi ment 8 wherein the router is
operative to route | F-packets arriving froma source external to the core.
Enbodi mrerwoR01212e518yst em accordi ng t o Enbodi nent 8 wher @Ch/ILIva2/09018er i S
operative to route | P-packets arriving fromat |east one static base
station under said core. 7 Enbodinent 12. The system according to

Enbodi ment 8 wherein if an |F address of a’destination in a header of a
packet indicates one of a nobile station destination and a rel ay
destination, the router routes said packet to the IF connectivity gateway

whereas if @an 1P ess t] ' [ - - t Jndj cates
a static base(gwgaﬂgg; thg%Fg %@%2?%%?g%q?ﬁ%m%§@§§ﬂ%{gﬁ%ﬁgl@?gﬁﬁgd]g%%
station. Enbadisintiodsh dheadsy st £padckecodithry ohe oEnbodilavntios du@atdomarat
| east one pair of |F addresses of at |east one nobile station functionality

and base stdPRBACHINEPR-SRAIUSF Thdgesad eaikblY Bolk FONCRRTIBhZA SV BYRZed by
sal d rout ehe o, FPRIERM (MdbdRRiANR LALAG AR BaEHBOM NBAL bid JBRE! 0. &t

| east one palr o ses of at |east one no e station functionality
and its cothooateedoddesstbe pocet @thé st bonalatiby. have a common portion uni que
to said pair which is recogni zed by said router.

Embodiment 13. The system according to Embodiment 8§ wherein at least one pair
of IP addresses of at least one mobile station functionality and base station functionality

have a common portion which is recognized by said router.

Embodiment 14. The system according to Embodiment 13 wherein at least one
pair of IP addresses of at least one mobile station functionality and its co-located base
station functionality have a common portion unique to said pair which is recognized by

said router.

Embodiment 15. The system according to Embodiment 13 wherein if the router
identifies at least a portion of a packet’s IP-address which represents both mobile station
functionality and base station functionality, the packet is sent to the IP connectivity

gateway.

Embodiment 16. The system according to Embodiment 13 wherein the core is
configured to assign IP addresses such that at least one pair of IP addresses of at least
one mobile station functionality and at least one base station functionality have a

common portion.

Embodiment 17. The system according to Embodiment 16 wherein the core is

configured manually.

Embodiment 18. The system according to Embodiment 16 wherein the core is

configured via an application.



Enbodi nent 15. The system accordi ng to Enbodi nent 13 wherein if the router
identifies at |least a portion of a packet's |P-address which represents
bot h nobiwe 28t2ads18 functionality and base station funcPCoaatoi2/g50018he
packet is sent to the IP connectivity gateway. Enbodi nent 16. The system
according to Enbodi nent 13 wherein the corg is configured to assign IP
addresses such that at |east one pair of 1P addresses of at |east one
nobi l e station functionality and at | east one base station functionality

have a conmdsrbqdonentdd. EnHddi sistem pecorHags {os thephosliaetds nghereinEahouphiEnt 16
wherein th 1 S. contig a haon - ' t tem

accordi ng ? gﬁéﬁngg |1r(r)gl§]?tlel§ %ﬁeﬁ% Hrr%o}giv?elgsatdg |oe§1g ﬁﬁc f%ﬁ%ﬁ?%oﬁ&served
by the coreviavie réddgaiddd bgssd roitéth a conmon portion which is recognized by
said router. Enbodi nent 20. The system accordi ng to Enbodi nent 8 wherein the

core is configured to assign identical |IF addresses to at |east one base
station f“%ﬁﬂoﬂgﬂéﬂt%. and.T?l%i élﬁf%ﬁ{ 20ARdR | BndbainidAl & WitkiPnal iy, hut to
assign first and second different ports to sald at |east one base station
functi onal icogfigmed at asseasdemicel Irohidiasasttati tastfanedtasosation juncespdcy anvel y.
at least one mobile station functionality but to assign first and second different ports to
said at least one base station functionality and at least one mobile station functionality

respectively.

Embodiment 21. The system according to Embodiment 20 which operates within a

IP-version 4 (IPv4) protocol.

Embodiment 22. The system according to Embodiment 8§ wherein at least one pair
of IP addresses of a base station functionality and mobile station functionality
respectively includes a first portion, common to both IP addresses in the pair, common
to said base station functionality and mobile station functionality and a second portion,
which differs between the IP addresses in the pair and represents uniqueness of each of

said base station functionality and mobile station functionality respectively.

Embodiment 23. The system according to Embodiment 22 which operates within a

IP-version 6 (IPv6) protocol.

Embodiment 24. The system according to Embodiment 8 and also comprising an
additional router in the relay which upon receipt of a message from a co-located base
station functionality, sends to the additional encapsulating router in the core said

message with a header indicating that the message was sent by said additional router.

Embodiment 25. The system according to Embodiment 24 wherein said additional
router comprises a separate logical router application residing also on the encapsulating

router.



Enbodi ment 21. The system accordi ng to Enbodi nent 20 which operates within a
| P-version 4 (1Pv4) protocol. Enbodi nent 22. The system according to

Enbodi nrerwogomieossn at | east one pair of | P addresses @fTALbazes50818ati on
functionality and nobile station functionality respectively includes a
first portion, comon to both |IF addresses.,in the pair, common to said base
station functionality and nobile station T%ﬁcti onality and a second

portion, which differs between the |P addresses in the pair and represents
uni queness Hgtbadgaent@d. sai dhgawetest acsaading acEmbadimeny 24nwhersin Méicstsaid on

functionali S t o)

o) oot PSS RSRRFLLHELI, (ETRBI R TG SRS ACEPA] D Gacne
Enbodi ment r@derThen@)s tsei kedear di ftg'eMOthErﬂ‘i@sdagmm redei@nd fadns ah« bR §tsichg an
additional router_in the relay ch upon receipt of a nmessage froma

co-| ocat ed E‘é-‘é]@n%ltt&f:%?f:af%‘@tth Bﬁé‘ﬂihttlynalsr@wﬂ% to the additional

encapsul ating router in the core said nessage with a header indicating that
t he nessage was sent by said additional router. Enbodi nent 25. The system
accordi ng thmbtediboeht?Znt 24 hetsgstemnagardin@ddifimbtodahent duvbereoongd ireetsr &
Separate | ogl cal router. %)Ell i.cation residi ng al so on the .encapsul ati ng

rout er. _ ogerative to route information to at least one station functionality, via at least on€

mobile station functionality.

Embodiment 28. The system according to Embodiment 8 wherein the router
cooperates with a logical table in the mobility management entity which indicates which

base station serves each mobile station.

Embodiment 29. The system according to Embodiment 8 wherein as each
individual relay enters a network served by the core, the individual relay’s mobile
station functionality is assigned an IP address which the router is pre-configured to

identify as an IP address of the individual relay’s base station functionality.

Embodiment 30. The system according to Embodiment 29 wherein the router is
pre-configured to identify an individual relay’s base station functionality using a

predetermined portion of at least one IP address.

Embodiment 31. The system according to Embodiment 8 wherein the core having
a core network and wherein all mobile station functionalities in relays served by said

core form a subnet of the core network.

Embodiment 32. The system according to Embodiment 31 wherein all base station
functionalities in relays served by said core are also members of said subnet of the core

network.

Embodiment 33. The system according to Embodiment 8 wherein the core having
a core network and wherein all base station functionalities in relays served by said core

form a subnet of the core network.



Enbodi ment 26. The system accordi ng to Enbodi nent 24 wherein when said
nmessage wth a header is received by said encapsulating router, said
encapsul avprg1rei1ér renoves sai d header to reveal the RETIRYWE2/0H0T8ecei ved
fromthe base station functionality co-located with the additional router.
Enbodi nent 27. The system according to Enbadj nent 8 wherein said router is
operative to route information to at | east “one base station functionality,
via at |east one nobile station functionality. Enbodi ment 28. The system
according to Enbodi nent 8 wherein the router cooperates with a | ogical

table in t %‘%‘nﬁ@%éﬂttﬁ. @”%@Eﬁg& %@E&r@@@@%&dﬂﬁ%ﬁ%%%&%h%ﬂ b%?ez&at%na“ on

serves each e station. odi men system accor di ng

Enbodi ment fSnasbedlélen i@scl@acdenied hywailladre fa@hay figstsebiset af ety Ketgerkvadl by
the core, the individual relay'.s nobjle statjion functionality is assigned
an | P addr éEsrnvmlec%atmefufl%imnéﬁtﬂ?%lnms@%é«?ﬂv@fbm syd care temta fegond subyey

addr ess of tlliékeoré Hgiwﬁhg{,@,ﬂ{chrd%ﬂg%%géﬁ%?@f%g ﬂn@ﬂ, functionality. Enbodi nent

30. The system according to 2 erein the router is
pre-configured to identify an individual relay's base station functionality
using a pr termn portion of at |least o | P. addr.ess. Enbodi nent 31. The
oyt o abc STAIHUTES SEmbod! HEne BT UEPBHRE e EEELTHAA b ISb AL Gt W K and
wherein al Imcrw;tgf k@ayshat & eflaf WAGhICE MR dabéeSpdrRivee WS IREMVBEthel1agabhsGOr e
forma subnet of tHe core network.

network served by the core, to instruct the additional router to store an association

between the moving relay’s base station functionality and the moving relay’s co-located

mobile station functionality.

Embodiment 36. The system according to Embodiment 27 wherein in at least one
message destined for an individual base station functionality, the individual base station
functionality’s header is encapsulated within an individual = mobile station
functionality’s header, so as to allow said message to be routed by said router to the

individual base station functionality, via the individual mobile station functionality.

Embodiment 37. The system according to Embodiment 8 wherein said at least one

static base station comprises more than one stationary base station.

Embodiment 38. The system according to Embodiment 8 wherein said router at
least one of: a physical hardware entity; and a router service application residing on a

computer housing the gateway.

Embodiment 39. The system according to Embodiment 9 wherein said source
comprises at least one of: a video server, a voice calls server, a gaming server, other

cellular network; and an external network.

Embodiment 40. The system according to Embodiment 5, wherein a message is down-
streamed through said gateway to said target mobile device utilizing each tunnel in the
set of tunnels including

(a) said first tunnel segment



Enbodi nent 32. The system according to Enbodi nent 31 wherein all base
station functionalities in relays served by said core are al so nenbers of
sai d subre0 20f2/2b5core net wor k. Enbodi ment 33. The syst @GTACz002/0800T8 t O
Enbodi ment 8 wherein the core having a core network and wherein all base
station functionalities in relays served said core forma subnet of the
core network. - 10 - Enbodi nent 34. The sSyst'em according to Enbodi nent 33
wherein all base station functionalities in relays served by said core form
a first subnet of théb)c"(liﬁéu?f@wm R &yinels| qachspimensingt fran spidngalewivaiid i es

inrelays served by sai O%E#e%tﬁ%ﬁ%@ﬂ%d %éeigf%&% idt Hﬁ:c&%{o‘% QFEMQJ

which differs fromsaid e sys em according to
Enbodi ment 24 wherein amkbeast one noving relay has a relay resource
manager operative, when the noving relay joins a network served by the
core, to instruct the additional router to store an associ ation between the

moving rel gy ?ﬂéﬁ At at stfeH{‘Q c'o ﬁ%'té lEn%ﬁ hR VARG £ é’sage Goyhocat ed

nobi |l e station unctlona nt 36. T e system accordin
Enbodlnentsﬁ&nmhbﬁmmmauhmaynhﬁﬁﬂbdemeeMussggsn@gmmwaﬁdnﬂan@awchmﬂn&ldual
base station functio ahmé t he i ndividual base station functionality's
header is &HcipsliaRes! %#ﬁ31 an individual nobile station functionality's
header, so as to aIIQM{§@1ﬂmnﬁ§§@g§§&@n@e routed by said router to the

i ndi vi dual base station functionali via the individual nobile station
functionality. (b) the succession of tunnels each commencing from said gateway and

ending at a respective linked relay of said succession of linked

relays.

Embodiment 42. The system according to Embodiment 1, wherein said IP connectivity
gateway comprises some of: GGSN and SGSN, operative in a 3G communication

network.

Embodiment 43. The system according to Embodiment 8 wherein said IP
connectivity gateway interfacing therewith comprises one of: an IP-connectivity GW in
LTE; one of a P-Gateway, S-Gateway, P/S-Gateway and Access-Gateway in 3G GGSN,
an SGSN in WiMAX, and an ASN-Gateway in CSN.

Embodiment 44. The system according to Embodiment 8 wherein the core is static.
Embodiment 45. The system according to Embodiment 8 wherein the router is
operative to route IP-packets arriving from an mobility management entity within said

core.

Embodiment 46. The system according to Embodiment 8 wherein all base station

functionalities® IP addresses have a common portion which is recognized by said router.



Enbodi nent 37. The system accordi ng to Enbodi nent 8 wherein said at | east
one static base station conprises nore than one stationary base station.
Enbodi mrerw0o2812M2e518yst em accordi ng t o Enbodi nent 8 wher @CH/IB2120500T8 er at

| east one of: a physical hardware entity; and a router service application
residing on a conputer housing the gateway., Enbodi mrent 39. The system
according to Enbodi nrent 9 wherein said sdd'ce conprises at | east one of: a

vi deo server, a voice calls server, a gﬁhing server, other cellular
networ k; ahdbpdiesitdinal déewbsiem Eagsodingeter Enpodiprnt SAfs vdgicdt dbt dPHE! t o

Enbodi ment - ' I S.d - .sal t to
sai d t ar ger by ruSyRuFa AR fic B ESRTF® hkpHeY iR Rofi
i ncludi ng (able sabetlifig tost ddsiradedlaysegwent topdlbyy.t he successi on of tunnel s each
commenci ng from said gateway and ending at a respective |inked relay of

sai d succession of |inked relays. Enbodi ment 41. The system according to

Embodi ment 5, fiGER148. & M$IRYGeh SRl rtgmdﬁ&?ﬂ{'zﬁ LEerb A IR o IRRINLE
devi ce throu&ﬁ)saﬁﬁ gatemay, 8t??i§|ng ach tunne ina%ﬁg]sgt 6} tuﬁnels
i ncl udi ng (aytesailehst omesaf: 4§ pinysalal Bagwertentity; and a router service application.

Embodiment 49. The system according to Embodiment 24 wherein said
encapsulating router at least one of: a physical hardware entity; and a router service

application.

Embodiment 50. The system according to Embodiment 1 and wherein at

least one of said plurality of stationary relays resides in a static base station.

Embodiment 51. The system according to Embodiment 8§ wherein said mobility

management entity comprises one of: an LTE MME, a 3G RNC, and a WiMAX ASN.
Embodiment 52. A method corresponding to any of the above.

Also provided is a computer program comprising computer program code
means for performing any of the methods shown and described herein when said
program is run on a computer; and a computer program product, comprising a typically
non-transitory computer-usable or -readable medium or computer readable storage
medium, typically tangible, having a computer readable program code embodied
therein, said computer readable program code adapted to be executed to implement any
or all of the methods shown and described herein. It is appreciated that any or all of the
computational steps shown and described herein may be computer-implemented. The
operations in accordance with the teachings herein may be performed by a computer
specially constructed for the desired purposes or by a general purpose computer
specially configured for the desired purpose by a computer program stored in a typically

non-transitory computer readable storage medium.



(b) the succession of tunnels each commencing from said gateway and endi ng
at a respective linked relay of said succession of |inked relays.

Enbodi mrerw02812/1Eb@ssyst em accordi ng to Enbodi nent 1, wheC@iln220:9018F
connectivity gateway conprises sone of: GGSN and SGSN, operative in a 3G
conmmuni cati on networ k. Enbodi nent 43. The ﬁésten1according to Enbodi ment 8
wherein said | P connectivity gateway interfacing therewith conprises one
of: an | P-connectivity GNin LTE, one of a P-Gateway, S-Gateway,

P/ S-Gateway and AccedSyGattablapracsssec dGEEN, ansinBagReans mAYNISUsed HPREess,

ASN- Gat eway;. | . ' t S ' - od|
B s R R TR
Enbodi nment i@owhaicai puchhss imdoin@itionSusefesyabi \eendrated ciit any Bf phe kedtbodar fidvi ng
froman nobility nanagenent entity within said core. - 12 - Enbodi nment

47. The systBMTa®eshevhgnd sletsmbsditisit e ahpes Biosetsie dilavernd wpet (eans

Lo 7] A A T o ALY Sk e IR AD Lo

syst em acceraemginvontiEmb oshiyrentall2fineheradiips séithe addintiborshbwn and described
herein, such as but not limited to steps of flowcharts, may be performed by a
conventional personal computer processor, workstation or other programmable device
or computer or electronic computing device or processor, either general-purpose or
specifically constructed, used for processing; a computer display screen and/or printer
and/or speaker for displaying; machine-readable memory such as optical disks,
CDROMs, magnetic-optical discs or other discs; RAMs, ROMs, EPROMs, EEPROMs,
magnetic or optical or other cards, for storing, and keyboard or mouse for accepting.
The term "process" as used above is intended to include any type of 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 or processor. 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
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
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
a machine for executing the program such as but not limited to a general purpose
computer which may optionally be configured or activated in accordance with the
teachings of the present invention. Any of the teachings incorporated herein may

whereever suitable operate on signals representative of physical objects or substances.



router at |east one of: a physical hardware entity; and a router service
application. Enbodi nent 49. The system accordi ng to Enbodi nent 24 wherein
sai d encapoubetizpgysrout er at | east one of: a physical hacuaaroe2/esisy; and
a router service application. Enbodi nent 50. The system according to

Enbodi mrent 1 and wherein at |east one of id plurality of stationary
relays resides in a static base station. Enbodi nent 51. The system accordi ng
to Enbodi ment 8 wherein said nobility nmanagenent entity conprises one of:
an LTE MMVE, a 3@GhrN@mbogdhnens winmod msphovendediothenembodimangs; laprddessribes pondi ng
to any of the. apaVe ext section™ SO Provided is a computer program conprising
conput er program code nmeans for perform ng any of the nmethods shown and
descri bed her ei mnshenesaikdoquatizamthstekusr dvawge npe peipertantl i odaepatider
program product, conprising a typically non-transitory conputer-usable or
“readabl e RECHIEHEISH WERHUSXPIA b HIUstra ona EAmRIgol AP WiaRsRbadIpeRt o dicol e,
havi ng a C%ﬂ%ﬂﬁ&ﬁn&%%@%ﬁhﬁn&ﬁ%ﬁra”‘COde enbodi ed therein, said conputer
readabl e program code adapted to be executed to inplenent any or all of the
met hods shown anbthldespedifiadlyherel otherwtisd, 8s agpra f@nethetthiddwiap yisonssails, of

t he conputational ste shown and _descr.j.bed herein may he

Comput o - 1 ol GRBIERET HBBHEIA BRoFGE Lo IAaou THICHE PSCHeRGS

herei n may "B cRIHe0r Medohyudhot OMPUlighatiReci akdiyetrOnst rugkad f orotdagdesi red
pur poses or by a general purpose conputer specially configured #or the
desired purpdedatg”a "ddapuner” prasgeaimgt oredsdssing’, t \whisefiing’, nganaratangsi t ory
comput er read%BLe storage nedk%gln- 13 sui t abl e.processor,

- c w1 AN .
di spl ay andp$hpﬂPgﬁean§ ﬁ%? e lised to“ﬁ#g%gﬁéi di%%?%égé.g. %ﬁmﬁggl ut er

screen or otlpRFin(pORRYT eTobQkiRLT ofaNd GRe, SO & (RN EctRHCERY/0l PFoREHBE 00 such
as informati on used by or generated by any of the nethods and apparatus
shown and €eBPHiCHEH CREIPBIRS sYHRMaPoDECHOT 8s sivrilar glechopiy eomeputing devitgans

i ncl udi ng 0 i C i th . QR .
embodi mont Sy PR Bl HAHP 1ok Jofl SREF A ey DTIO Bk B eledBpuiey

i nvention shawiicanditide stae icoegutieg syniemSuepisess bud/onaiemdrivst @b tothestdaps of
flowcharts, may be perfornmed by a conventional personal conputer processor
wor kst at i ofiiarlyt iFeFesHrey apRutrd Weliess Wihia dhp GPBPUGRE BYSEER P dRfrpories,

conputing deyieg d%}[otlﬁ’ér%‘él’% %%zmﬁl&nhﬁérag%r{f‘arn%i@}éhp&%ﬁssﬁgéy §RG&S! irfidhdih

constructed,” used for processing; a cohputer display reen and/or printer
and/ or spedkenpiter’ shosll by brigdlynephirnel toeamiablaey kembof) clsctrdmiasicwipt ivat

di sks, , _magnetic-o0 ”Lcal.d#acs r ot her. discs;.RAMVs, ROVB EPRENB,

EEPROMs, madieli%¢ S&Pgofﬁpﬁg e NG g’é{r HaY o onghigiinggSXampie-k RASERRY o

mouse for aeaPRielNdervdRecdBFNngRYNCRS SomARnkagsh abQVE., pcbRbRNEeddisRal

i nclude any type of conputation Or manipulation or transformati on of data
repr esent edigasl pr@ogﬁse)alr?)sé’)g migrogentrabieise , fiqdh eprogramanabid ghtemaray dEBEH Adr

reside e.g.. W thin reqgjst.ers and /or i es. of onpyter or processor.
e torm pPpOielby RAEBletoRel Pl TREREER S uf SRSk PBSES

di stri but edewiced, enot e such units. The above devi ces may
comuni cate via any conventional wired or wireless digital comunication
neans, e.g. via l@ewpicent oinverionyumey pe|dpHdvd. meeralyr koToflagtys ofp I flet wor k

such as t h%erhﬁﬁ(ﬂgwgpeciﬁc to particular programming languages, operating systems, browsers,
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
product.
Elements separately listed herein need not be distinct components and
alternatively may be the same structure.
Any suitable input device, such as but not limited to a sensor, may be used to

generate or otherwise provide information received by the apparatus and methods



The apparatus of the present invention may include, according to certain
enbodi nents of the invention, machi ne readabl e nenory contai ni ng or

ot her wi sewet20r/ngsia program of instructions which, whenPeXacuuzosoni8 t he
machi ne, inplenments sone or all of the apparatus, nethods, features and
functionalities of the invention shown angrﬁjescrr bed herein. Alternatively
or in addition, the apparatus of the pres i nvention may include,

according to certain enbodi nents of the invention, a program as above which
may be wri shewn jand gleycréwdvieneinonay sortale aqmlrﬁgielvbzﬁgn jeplaymehyobst uetshid y a
machi ne for, C h ra t Jd e

pur pose cotiig ekt AfREARC LRGN 35 BerdBhuly' Bid HAQ R

accor dance desdribed herdieashy ngsataé ptrdjtessmr afgnbeidnyogddon. canputefort federate

t eachi ngs i.ncorporated herein may whereever suitable operate on signals

repr esent atit \9€n%ﬁonp3r§>ﬁ§ﬁ‘€51€dé15{%? & by Pyl hpRGey, more r&adules in the prpgessor
enbodi nent r n
detail in '? %E&E(ZI% ﬁ%g{é@}a%ﬂgygewﬁ% %&? r% 99191 br[gacc “rt?f%gd?%&fsrﬁ%&%gx? " or
dr awi ngs i sompetep nop@ny ynof bé usedownﬂoreamfbrmmnum sedaerediby mreg@ie;atd:dobexlpﬂ ain

or |IIustrate one, exa odr f ther
1ol et odvsent SR Genly fedl IRt ER i PGB Pl o

the fol | owibagiAuSE HERicONE éeffve!r %oﬁp%ﬁﬁh&h%ﬁﬁ@toft bﬁeﬁ%ﬁrphtewerhese or
SpECI fication discussi ons, utilizi ng terns such as, processi ng ,

" conput i ng'any" oelsetrrmpurﬁrglzed @@p@n@nthghown raadkdeﬁg'lbed lgmerdr myy , communicate

"cal cul ati n eter ener at reassessing”, "classifying",
“generati nggt,weerﬁ(r?%%&{nﬁaw,a% Su%t%rggo%yﬁeﬁget Drk regi steri ng "detecting",
"associ ating", "superinposing", "obtaining" or the liKke, ref er to the

action and/ or processes of a conmputer or conputing system or processor or
similar el ect Hahidleanpiemigmaeicceonstrsh cithani ipuacapdlangedrah anyadmiien dat a
represente e

Comput g RNl (RS LAEKE SPEacc B Lo bRaddiepr o

r epr esent edolasvphysi cal quantities within the conputing systems nenDrres

regi sters or other such informatjon stora transm ssion _or disp

devi ces. The terfostdifutdeddErdianal Hakpp ‘é(ﬂ?fy ac Bt Mods (W)CB%ﬁérs%W ki nd
of electr O@ﬁ&tl@ﬁéﬂit? %n&“atrﬂolﬂﬁt s@atﬂfnqm)séef\%dqm bi Bét@f@en E'Bﬁée%étﬂﬂ an@Ya WAy
of non-limting exanple, personal conputers, servers, conputing system
comruni cat inobildetadtios servpcrl teedyohgyffieally. had |ag|ulphhk pm@nalan@ rologsbok pOIDSR) ,

m crocontrﬁl ers, . field programmabl e gate array (FPGA), application
speci fic i nPEGHEIEd” &%¥Euit (ASIC), etc.) and other el ectronic conputi ng
devi ces. Hekpresgnt dhﬁvl%?ﬁ% @RndBYcda 91@51‘?3? 'bpéﬁiectﬁﬁﬁl?}l' YovlePlat GdaRY 1 LY,
in terms of terninol ogy specific to parti cu ar progranmming 1 anguages,
oper at i ng s)ystleﬁlshaubn@hebrs syst em ver si ons, | ndl vi dual products, and the
like. I't wll b% 2P0, %nEdbltcE%[c 12[)rr1131§1n eortlgnr an aclcg sI hnkeenéi nkt‘t())etcorhvey
general principles o %er ation c or‘3 % of exa‘r”fp

i's not integdadint &ljadeni Ievélbe)rﬂﬁrﬁlﬂ%t\ﬁ)éent ﬂmyl zmdeﬂitid)ﬂasb(l;tzﬂjtbyi cﬂa[rtkl lﬁ‘dﬂ'lx/één
progranmm ng | anguage, operatr system browser, systemversion, or

i ndi vi dual 'gRvTRIGEaY proxy ¢l fcend3ag spen UnFienslitherr éiltis hreesanet Obe

di stinct c d_.al.t ti a r Any
suitable i ggﬁfnﬁgw i gﬁllghq{/a[g?eb %éﬁé%l'%m%(mﬁa?e ﬁlﬁlgiaﬂglérsrﬁslodrﬁrc%&ugehﬂlsse
generate ordlsmmﬂsmed/\nssﬁ fr eachdethembotinet haress pomisved. byset kteu(appanataumo&nd
met hods - 15 - shown and descriled herejn y suitabl e output device or
di spl ay mayHEIHELAOMbCE: & 5PLy ﬁr %@Macrhr@rn&&fws @aﬁ@ﬁaﬁeartw PHe
appar at us Q@nlTRL POESn SRANMInARNE:c8s4r i bed herein. Any suitable processor
may be enployed to corrpute or generate information as described herein e.g.
by providi ng ondagr stapee enedal esplirlitthefl pratoessof=stagcper foortnde nodes in a

functionalities descri.bed herei ab data storage
oo computtl R iy dehgel vt sty RISl iiRgRe gy SsTes
gener at ed Ryeat RhSHSt AFTsS AOWMLRRAHRAEHLARA N8ARk NeredNGt tHRNAtivbikeSanS hown
and described herein may be divided between a server conputer and a

plurality efmestiadveyscenpureicalc Whieac gnotey st aclerrputiar ilqtefdrkcdrrp@ﬁhent S
shown and r e ni.cat et
sui tabl e cglﬁ%)sgtﬂeolrags Py%o alll<1y 1%}{“#%%% %%ugergtoef\l\@rlrlgﬂ &evf%gg?%gﬁﬁ rue it her

i n accor dargehanké hdighy dﬁf)trﬁaﬁdrlofbet\*?t%heﬂfenﬁp@eaﬁlth’lgl lterrédﬁealprwt@roﬂar tvia
literature or in accordance with the specification, or as foll ows:



access link: a bi-directional Iink between a relay node (RN) base station
functionality and a nobile station (M5S) served thereby or between a base
station awo2a2mbitse station served thereby. It typical PgThEZ120500T8 | nk

portion and a downlink portion, both uni-directional. Backhaul data:
data being transferred, typically bi- dlreﬁgionally, over at |east one
backhaul i ng |i nk. Backhaul i ng | i nk: directional link other than an
access link e.g. link between relays in adjacent |evels or |ink between

rel ay and spamupidstige pethat damed rbatwedn repestian naap fsbase drtationgandrgrilaor

| i nk bet V\B%Qm%%&%ﬁ&?hé\ppesf unctionality or static base station or relay
proxy and core enerally a backhauling link bi-directionally Iinks
di stributed sitéasd Osteta‘mh atnledonadity | |oﬂkSFeN01:esfanqm1nl1ﬁ@ enygpicaligs esoftiratd ons
and a nore centralized point e.g. a.core . pically a backhauling Iink has
an uplink pOPEEMsAtedn desidiagRpriteRY gy Wm%%ewth an pRleRdp Hgnsmitter andyas e
station: o | vty t r 0 I d

cel lul ar cggr%%f ?gﬁngﬁl%ngltgm%% %%@Bg@e%s%??%ei%ﬂgﬁ%? ¢ gﬁge{)@eg%s%?(}/%ut ed
over a servechaapeadigiah idfhahatainndstweeh! thonbi dre vudmwrten@atmain nesworlceyiser ved
by the network can .al no onmuni cat.e W|th another or, w a
Corr 65t 11 ol MG KO MBI TR MO s RYSF dHITy ! HSF GG AH R Lser s
of such devhmasuni@tiePaMEESe and/ or exchange digital information between
themor with a terrestrial network, via - 16 - comuni cati on paths defi ned
bet ween respect ibi-dirpaionsl @hkbasénbthMS leyald abbi heradimintoamioisadevi ces.
base station functignali or., TeNB: funtlonllt t aII f r

i mpl emrent eé‘etw eglW 1Cngm%ldé(S b ]i1 4y CP lﬁlﬂncka grse%ﬁ 3 ¥agn$ efﬁr\r{]% gl
transm tt ern@ngd afessilinéefiodad enabl e the reI ay to function as a base station,
e.g. to converse and/or exchange digital information between themor with a
terrestrial netwelikbasgtatighmmuni cati on pat hs defi ned between respective
pairs of base s I eg

bi -di recti onal fc?%k%glzve{anﬁkng%{d\}\%eﬁ& Hf&t%jf ergtﬂﬁe&rl%r c | Ca negtgn?%‘ﬁf%nati on
net wor k whinedbilie rsedtiod e shab atchat@nhadplol thk s@ne cared awdibs 2k coﬁﬁ:ﬁ:tsebemmnemobme Fig.
3, links 01 and 03 are bi-directional. cell: base station

server in AtagPy (habgre afehgrite 88G ee ANy maRiiosigtions fhat e@rﬁ%@el@%d teélt%%%nhob. l e
stations {Rgh: 3hGoRtH ARG Mldil SRS SR AHOLork 1) oEEANGELS (Bt yeen

nmobi | e stations that 'are attached to one core with nobile stations that are
att ached t dntarndi fskeegntericeirie] camddwmica(idh maa])wnéq:tssrvmmblvh@ossamlmngaamngched
to the core to otheL servers such as Internet server, terrestrial
comuni cat FENCHIPWSRVE,r ver s, video servers, ganing servers (not shown).
Core Network: synpaxeidk: s Qﬂiﬁn o cRY@r Q&ﬂé%}ld&%‘f@éﬂk llnkekefrdhiereto. Crl:
e.g. as per LTE protocol. donor: serving relationship e.g. a base station
serving e.g. a Kéflagerrsger LTE protocol.

donor: serving relationship e.g. a base station serving e.g. a relay node.

Downlink (DL): a uni-directional portion of a link e.g. backhauling or access
link from a relay’s base station functionality or static base station to a mobile station
functionality or mobile station.

DL UE or Downlink (DL) UE: downlink to a user entity via a sequence of at
least one relay e.g. as shown in Fig. 3.

down-stream (DS) : flow of data from a higher point at the topology (closer to
the core) to a lower point at the topology (further from the core).

eNB: base station, or base station functionality e.g. in a relay, which uses LTE
protocol. Also termed herein “LTE base station”.

GTP: a group of IP-based communications protocols used to carry General
Packet Radio Service (GPRS) within GSM, UMTS and LTE networks.

GTP bearer: A bearer using a GTP protocol.



Downlink (DL): a uni-directional portion of a link e.g. backhauling or
access link froma relay's base station functionality or static base
station twoaorpmhnile station functionality or nobil e staPC®AL2012/050078DL UE or
Downlink (DL) UE: downlink to a user entity via a sequence of at |east one

relay e.g. as showmn in Fig. 3. downr]rjtream(DS) . flow of data froma
hi gher point at the topol ogy (closer to t core) to a | ower point at the
topol ogy (further fromthe core). eNB: base station, or base station

functionality eGP iuangl: Adpesel uging el IRRSIICTE prot ocol . Al so ternmed herein

"LTE base statiqn., f i,.C tocol s
used to carry %neraTelﬁagkﬂfﬁéﬁpg %g? ﬁill':acléllll{& §)% 9 n%(agpd? ?ﬁ&%mgé(ﬁld LTE
net wor ks. GIRvdiearte: apﬁreb@&l’defhausl pnguan GYPicpilptuasdirectiondl7 of aGiBicallprel : A
tunnel using a. GIP p nk: Tel ecommuni cations or radio_link

bet ween noal@fgct&nahll%fﬂmsfﬂ mthm@ﬂw«hnk t Tiherezppy e eeedy Hmorgtchantsdy ti on,
typical ly whiy bk bl ORal 1:00 and YBUG AL Yerdh Al 6L haNaks: | PRCES 1A)
sonetinmes terned a There may e or nore channel's in alink, e.g.
in LTE al | PRACHol | owi ng channel s are uplinks: PUCCH PUSCH, PRACH.
MBSFN: A non-linit]j exanmpl e of a Do y mssion.

pr ot ocol . Accorﬁ}rq%g]gﬁo %V%)Ib]é@?tglg Wrﬁﬁﬁag{ aBBc?éin’i‘ﬁL‘ (Ig:: ¢ EsquERY

Net wor ki s po6QITTTHBESdihb 90 Wikdensl, m,qﬁa;daﬁgrda@cdﬁgmgwPrehew@meg%ﬁ{ atd on
cel lul ar networ king standard, which may deliver services such as nobile TV
usi ng the kPENuUniqasisn rahenn edefmhd sinehb élse rﬁ@m&bgdnetq@@na@exﬂm@rt@twmfk@rg

mobi e TV wthaut Lhe needifor addidignal, gashl v censeq pecLium and

wi t hout reqU|r|ng newwVfras FUCt ir 8 and end-User 08 Ces T

known comEmed ahabite phady bBNbp&hitoMBRFbEfer mobile ACC aFitHong tﬁs)né/éldkfd@eddiualonbﬂ E's
Enhanced Mul ti nedi a Broadcast Milticast Services ﬂE— VMBVS) provide transport
feat ures f6pPsthelicgniryl PRETWA R BohpeiiediAng NAYLNBluetusd and ¢nd-ypebdayigas. g
cell (broa t: scribers) in a cell

(mul ti cast)Gi‘il nl%(rzlgﬁr? Ir)‘grslg()&k%ﬁ{]ael\%/% logﬁlggﬁl\ngggbwl ticast offer no sharing
of resources on Adeerdiadito Wildpska,l EVEls. EhlmanEedBWbltiniedis Broskhiil ®dlicasi t her

use a single eNode-B or multiple eNode-Bs for transm ssion to nmultiple LTE
mobi | e st atSiebVﬁce(su@NngFmr%dﬁt HENGRET nicefusrs fi8F teRdingathcersaglst icoptent

Accordi ng tlﬁo}%ﬁidﬁetg lafl 1thé\@§FNn a%eﬁ (Bfoﬁ@éa@f) PR %Ngﬁi Set Wk Sds @ﬁ%c?fbh%) ITE' s

OFDM radio interface to send |ticast or broadcast data as a nulticell
t ransm ssi encal émubicgsthchr oqmtlza@d @rhg&lebma@qatencynuietam)rolﬁe( SiéN};han"ﬁlgeof

transm ssions fromt e ltiple.ce r fi.cient. ti nchr oni zed
oo onen t SRy B R ofTHo LeBSE IR BRI B PibN b Ky e T ¢
Prefix (CPeN$QeBSort @uﬁiﬁfé éN(Ldé:tBsf fo)FRGhiskidh &6 hﬁﬂ@ﬁl@im @b%ﬂe L&t ([@E)ts t hi s
makes the MBSFN transm ssion tgpear to a LTE nobile station (UE) as

transmi ssi MBSFN s eglehgition feirtyelagier loptigk.amat i cal |y i ncreasing the

Signal -to-Interfere Ba\g; tq the absence,o ter-cell .,

i nterference | 4]Accorrgicng 1k1péc§ 1a %B%%RI 1$ a transmission mode WthH exploits LTE's
OFDM radio interface to send multicast or broadcast data as a multicell transmission

over a synchronized single-frequency network (SFN). The transmissions from the
multiple cells are sufficiently tightly synchronized for each to arrive at the L.TE mobile
station (UE) within the OFDM Cyclic Prefix (CP) so as to avoid Inter-Symbol
Interference (ISI). In effect, this makes the MBSEN transmission appear to a LTE
mobile station (UE) as a transmission from a single large cell, dramatically increasing
the Signal-to-Interference Ratio (SIR) due to the absence of inter-cell interference [4].

MBMS: Multimedia Broadcast Multicast Service including some or all of the
technology described in 3GPP TS 25.346.

mobile station or mobile communication device: a portable electronic device
which communicates with other such devices or with a terrestrial network via a cellular

communication network, typically including allowing users of such devices to converse



MBVS: Ml ti nedi a Broadcast Miulticast Service including sone or all of the

t echnol ogy described in 3GPP TS 25. 346. nobi |l e station or nobile
comuni cawpaniderilde: a portabl e el ectroni c devi ce whi clRCTanmundIASES Wi th
ot her such devices or with a terrestrial network via a cellular

comuni cati on network, typically including.llowng users of such devices
to converse - 18 - and/or exchange digitél&'nfornation bet ween them The
devi ce may even conprise a dongle connected to a conmputer or sensor with no
user near bynd/or exchapghijgdtak tndeinstion sevgearibemt ylhgrdevige iy Fyym: comprise a

functi onal idgx%etcﬁgﬁe%@dlt% g%&%lﬁ@? G ieﬁpérﬁglﬁ{‘%oﬁgmr heghding on a relay which

comruni cat es an ant enna, transm receirver to enable the relay
to function as andtilei dt&icnofumutidredity on tdEVOCEUET Hendtohalite, stpatall@rsoftware
functionality typically. includes antenna, RF front-end, Mddem

(comuni catPBlsgIcpiedckesiEig obpfelgowBichroniarees Vit 21 ARERfe UARSTAIFHY #at i on

processor nQoL;APRY LAMEERe THG t&ﬁn‘éﬁbﬁ@%‘ﬁ ‘ilnobﬁ‘é&% unEHRRPRRE TR SiReaker
I bi Radi o g. as

whi ch serve a conventi ona e station. earer, bearer: e.g.

per 3GPP t eratbndlmgynality typicaRy indsdasraneenbh, &K froet-gnd, dodeer (chiwsi@nday d or

an adaptation thg{eof suitable f r.Oﬁﬁ{ation.mﬁIhin connuniégﬁion st andar ds
or | €.

ot her t han PEessor) but dogsanccegsaiy Giyleran apRIFAIN DFOCHRIN AR St or k

equi pped Wik he@hoA0t §B&h, hicBsphhe t 81d ApdkEeeRidekeRBth tonehiionngobiet h as
a nobil e comuni cation device and a base station and extending the coverage
of the basetagpati ons. Relay link: link or radio segment between a rel ay

node and a dono%Aggq%ast H%RQ,eSe ren 'ﬂﬂt&§ﬁ a%NB: stationary base station
Subframe: e.g. as per protoé% p rans. BowAl i nk (DL) backhaul i ng:

transmt backhaWH Rgowse BHAOWNS i Rlper TAMGhndad® opef aRifiReohsrebhaditdnabl es
tunneling such as but not limted to GRE and GPRS.
for operation within communication standards other than LLTE.

relay: a node in the cellular communication network equipped with an antenna,
transmitter and receiver and functioning both as a mobile communication device and a
base station and extending the coverage of the base-stations.

Relay link: link or radio segment between a relay node and a donor base station.

Segment: link.

SeNB: stationary base station

Subframe: e.g. as per LTE protocol

Trans. Downlink (DL.) backhauling: transmit backhauling using downlink.

Tunnel: as per protocols that enables tunneling such as but not limited to GRE
and GPRS.

UE: user entity or mobile station or mobile communication device or mobile
station functionality. e.g. in a relay, which uses LTE protocol. Also termed herein “LTE
mobile station”.

Uplink (UL): a uni-directional portion of a pair of links e.g. of backhauling or
access links, from a relay’s mobile station functionality or mobile device to a relay’s
base station functionality or static base station.

Uplink backhaul data: data being transferred uni-directionally, over only the
uplink portion of at least one backhauling link, typically from a base station to a core or
more generally from an access point to a more centralized point.

upstream (US): flow of data from a lower point in a network topology (i.e.

further from the core) to a higher point in a network topology (i.e. closer to the core).



UE: user entity or nobile station or nobile comunication device or nobile
station functionality. e.g. in a relay, which uses LTE protocol. Al so

termed hewei2n12/2THsnobi |l e station”. Uplink (UL): &Cuaizod2/p3018 onal
portion of a pair of links e.g. of backhauling or access links, froma
relay's nobile station functionality or ile device to a relay's base
station functionality or static base station. Upl i nk backhaul dat a:

data being transferred uni-directionally, over only the uplink portion of
at | east one backhauling link, typically froma base station to a core or
nore generally froman access point to a nore centralized point.

upstream (US): flow of data froma |lower point in a network topol ogy (i.e.
further fromthe core) to a higher point in a network topology (i.e. closer
to the core). - 19 - BRI EF DESCRI PTI ON OF THE DRAW NGS Certain

enbodi nents of tHEEFHISURITIAORHPT JhITaPEBAWINGPrated in the fol | owi ng

dr awi ngs: Fig. 1 describes a prior art cellular network that includes
mul tiple nobile and static base stations that are all connected directly to
t he core networ ICertain embddigien dfl the giresehesvantnet werikusthwmded usds fobloivire
relays that, cannect on the one side to nobile stations or other relays and
on the ot h&fa8N&E to another base station; all according to one enbodi ment

of the present ipwenté@Abes a prior bt GellPaf BSGOHD @t 318 MRUEpHahabiRa4{ from
nobile stations to the Internet via relay device, standard Base station and

core net woskyic dhic ssgvos thangrerad conecarbddiche e thefcorcheetyspidsent i nventi on.
O i Seser | el e AR | B T PRSS! MGk AYE TR LRI S NEPSe sice

accordi ng to one I nmen resent I nventl on.

describes exanpie @dtidnberensapsulydtan@nomthedathar dide tibanbidt ®athsu@h 41el ay,
stationary base station and core network for the case of single hop,

accor di ng ReCHHBL dppreritrrRetiment af e presede Hventient i on.

Fig. 3 describes an example data path from mobile stations to the Internet via
relay device, standard base station and core network; all according to one embodiment
of the present invention.

Fig. 4 describes the same flow when passing through multiple hops, according to
one embodiment of the present invention.

Fig. 5 describes example of the encapsulation of data on the route through relay,
stationary base station and core network for the case of single hop, according to one
embodiment of the present invention.

Fig. 6 describes an example of the encapsulation delivery steps of data on the
route through relay and network for the case of single relay, according to one
embodiment of the present invention.

Fig. 7 describes the encapsulation delivery steps for the case of multiple relays,
according to one embodiment of the present invention.

Fig. 8 illustrates a relay address allocation scheme, according to one
embodiment of the present invention.

Fig.9 is a sequence diagram explaining encapsulation delivery steps for multi-
hop relay applications, according to one embodiment of the present invention.

Fig. 10 is a flow chart presenting the process of multi-hop encapsulation of a
packet destined to mobile station, through hierarchical cellular network having relays,
according to one embodiment of the present invention; wherein the process includes

some or all of the illustrated steps, suitably ordered e.g. as shown.



Fig. 6 describes an exanple of the encapsul ation delivery steps of data on
the route through relay and network for the case of single relay, according
to one emvodnrEntsisf t he present invention. Fi g. PCaaszn/bieg7st he
encapsul ation delivery steps for the case of nultiple relays, according to
one enbodi nent of the present invention. Fig. 8 illustrates a relay
addr ess aIIocation schene, according to G@Q'enbodinent of the present

i nvention. 9 is a sequence di agram expl ai ni ng encapsul ati on
delivery steps ffi 31111%&&&:@ NP BFLGKagl Hekitdcons suitadiolod Prrgptwalimeo! data
enbodi nent

presenting h%hg?%gﬁ %@’#ﬁrfr- §%méﬁ%%%éﬂﬁégF%%Q%?ﬁza%%%E”@ﬁggsb?%%% to
mobi | e st atsiagdardt Imrrmagng preoa chichals GREI defiaed betRIT R7B4Vionguiireliay $oth
according to one enbodi nent of the present invention; wherein the process
i ncl udes  s6&ARTYMIain dagrnd yeeriplaipdtipat ed steps, suitably ordered e.g. as

shown. = - 20 - i: I Psi feg'tﬂéékr &hE3nPNREG& ot Hﬁ%lggl%s%ﬁf&%&ﬁy

sui table for encé%s ati1on ata en ute t hr oug statlonaﬁy base
station andﬂdﬂbefmaﬂmnmkomﬂngﬁhaempﬂmﬂsn@MOfﬁeqnamamdammmhunnel|ng prot ocol ,
such as GRE defi both. control plain data and

ed by for tunnel
PO AT AT o £ O 6t L QT A e g W e N R

of a relay (Frevapuf %mmgaﬁdésrMte@fsealae%auca%ﬁ%éirraa 1Y aaemeaa%nnapt of
t he present i nvention. 13 is a sinplified block diagram

|IIustratréh?@fﬁatﬁebmyﬂresource manager (rRV) of relay that |ncludes a

router service n accordi n odr t of t
i nventi on. %pg%gu%{% A OAHO"EYA 'agsr?élﬁ%“? elsclzlrS'ir t%d EUVER R uanrp eimedl erein

can be inplig mran@@dforrﬁs VI3F eRaisplk! Ozﬁsﬂlﬁard\fvﬁlfe @xanpkesh @deiarodmrled% lcebtofs such
as but not limted to custom VLSI circuits or gate arrays or gﬁo rannable
har dwar e déﬂr&iégrcsmw gade BilitysratProgrammadle prdwaagleviges gishgs by shr am

code stored, s | £330AMRrd } théoﬁe%?&@&'toﬁratrlg dail.en 'b ter
by at Teas

execut abl e one pr Ssor, Or any suita e co er eof .
A specificr&mmbknmmhmnemdmnamnmknayabbwﬁ@ha@dmbwoaneapamnmﬂﬂéamnmﬁqMﬁnce of

software code, or by a plurality of such, which coIIectlveI¥ act or behave
or act as AR KeepasHicdivActgnahCempencahay Pe fermediyacingrEular SrpsAEN L i n

questi on. %th REARALE or B?ea ?B@W%‘Ptsu@@ywllﬁ@h %ﬁ&&iv@%&‘& AMEhavEYERA aLOdE

sequences suc as but mted to objects, procedures, functions,
routines a@damme@hawulwnhrﬂhymarugmnatmxmndnusmxmcmhncpnpumeﬂkﬂﬁkesthich

P angi b e BCHBU SR BATAR s B LW S I GRS Cror e af PFP A
nggt 1)? nis 5 ég %)f)fgﬁﬂé %Bcé@lﬁfféé@fu%cmeﬁ)uﬁﬁesdinfdfﬁB &kns 9he h?a@%rfé%’a‘t&ﬁ@maskvélfaﬁ' ngl e
computer files which typically operate synergistically.
Data can be stored on one or more intangible computer readable media stored at
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
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

on any suitable technologies such as semiconductor, magnetic, optical, paper and others.



It is appreciated that any conputer data storage technol ogy, including any
type of storage or nenory and any type of conputer conponents and recording
medi a t havoret2zi2e51di gi t al data used for conputing for arCrALENYe300T ti ne,
and any tinme of information retention technol ogy, may be used to store the
vari ous data provi ded and enpl oyed herein., Suitable conputer data storage
or information retention apparatus nay iﬁ(,2| ude apparatus which is primary,
secondary, tertiary or off-line; which is of any type or |evel or anount or
category of volatility, differentiation, nmutability, accessibility,
addressability, capacity, performance and energy use; and which is based on
any suitable technol ogi es such as sem conductor, magnetic, optical, paper
and others. - 21 - DETAILED DESCRI PTI ON OF CERTAI N EMBODI MENTS

Reference is made to Fig. 1 which illustrates a prior art cellular network
that incl udes miiOSINBESCRIBRIDN QL ¢ eRE ALK IVBOIINN TS are al
connected directly to the core network. Architecture and nethods are
now descri bed which are operative to transfer control and traffic

i nformati on bet Wetnermack male ©f Fighé wiobh ildusghi@s iaoprsor (dviSyellu drr reing brkathyt
static or dynam c hi.erarchical,6 cellul ar topol ogy to. any desti.nati on (that
Ty be o MO SraPsrmpc A Sie Birg RS IRy Yok GREBUES e he
networ k). AosQlewtd@n for the 4G 3GPP cel lul ar network, also known as LTE
(Long Term Evol ution) is described, but the same principles nmay be applied
to any hi er ar chifgahitastir¢ @hdrmetbodtonie @y glesdsbed dviph 26 oB@Gatiw MAXans el ) .
Operation of a.cellular. nication systemthat utilizes i.ng rel.ays as
ubl | as o nrafolr i dlRHAE LV R SRl AR wihis B3 RIB bl o
PCT/ 1 L2011,00QQ86 oeuyhithRthiciehicdl adllganopslbeRtd Oy Syshamninthd mayivet base
stations and net hods and apparatus useful in conjunction therewith" filed
on Januar y Mabilefgation, iihiheshiag ngavak9F pyhdstipaonapisiife heingtvags). A solution

WO 2011/ 09 e | 0w [ t,S LAt er [ r ' art
by virtue of NS og dome FRuAF oERRRE B0 oA R 3K B Hepriitoliioh

novi ng cel ldutcaibed,dranthe Gatd @incipled eay clarmggplisd ngany hicrarctdcgdlcuflalhit hgtwork

novi ng rel ays each including base station functionality, a radi o manager
and nobi | e (&LabrsA Ofll?ﬁ?bt3poﬁglll\’|[$§; Wil co- 1 ocat ed, wherei n each base

station functi oRgeldionio? aQPRHA LofEmbYc SR REMAhS u\fﬁi%eﬁ%ﬁﬂggé? | dsy @t

| east one nobile station thereby to define a first radio ere
bet ween, and wheeiarchgat h cblhder stawbdn fsundtscraeall iy PEE sl pphiystiapal No.

connecti on it - ated.radio,.manager, . .. wherein.each nobile
ctation fobeo Bl FRDREHiEE: E PR SR s on PR LT AR RAS base
station fuR@kibANAAd hetHdaea8dYppRatieTust@l & sefendiohafiwlithnkiledbielfiuant he
radi o manager in each individual noving relay conprises:
7, 2011 published as Published PCT Application No. WO0O/2011/092698. The
following embodiments inter alia are known in the art by virtue of being described in

the above publication:

Embodiment 1. A moving cellular communication system comprising:

a plurality of moving relays each including base station functionality, a radio
manager and mobile station functionality, all co-located,

wherein each base station functionality is operative to communicate via
antennae with at least one mobile station thereby to define a first radio link there
between, and wherein each base station functionality has a physical connection to its co-
located radio manager,

wherein each mobile station functionality communicates via antennae with a
unit which has base station functionality thereby to define a second radio link,

wherein the radio manager in each individual moving relay comprises:



- 22 - a radio resource manager; and functionality for exchanging
information with radi o managers included in noving relays other than said
i ndi vi duawormoiz/ngsisel ay, wherei n sai d i nformti onPC3/1uza2d039978sai d
radi o resource manager to select, for at |east one individual nobile
station seeking to be served, one of: a static base station; and a base
station functionality, to which to connect said individual nobile
station in order to provide cellular comunication services thereto.
Enbodi nent 2. A syst efhiadie6esgiieg nanageibattl nent 1 operative in conjunction

with a cellular netwyrk onglydhng. A.G05E iHRKhSRN Bl SRS SRl G.Pase

station, and a popul ation o ati ons conmuni cati'ng vFa antennae

w th at |east onmeneidghelabas@esthan kadsndivibedendvisd relagast one t opol ogi cal
change in said systemaoccurs dynam cally, said topol ogi cal change conpri ses
a dynami ¢ chang&hefeipaifl afermafing i Yphtlodt Fathradit REEH A MBI P PAFAyOBAW at

| east one ?éaé?oﬂ&}{&i@&i#%?@%ﬂ@&%& \,\%EI%F fo DaSEv&L k@R Embodi ment 3. A
system according to enbodi nent 2 wherern at [east one radi o resource
manager | ocally st orestak bagagstieoamsl of the information it uses to nmake a
deci si on regardi ng sel ection q% a.cehlular conmmuni cati on service provider
for an individual noBite LRUEN IBACENEIYMG to be served, even after said

deci sion has beeg WRER o tHRIEDYId h@RO8IahE0iIR FAIAPASGI&OH! Redledeikh said
radi o resource manager .
communication services thereto.

Embodiment 2. A system according to embodiment 1 operative in
conjunction with a cellular network including a core device, at least one static base
station, and a population of mobile stations communicating via antennae with at least
one of the base stations, wherein at least one topological change in said system occurs
dynamically, said topological change comprises a dynamic change in at least one
connection between a moving relay and at least one of a moving relay and a static base

station.

Embodiment 3. A system according to embodiment 2 wherein at least one
radio resource manager locally stores at least some of the information it uses to make a
decision regarding selection of a cellular communication service provider for an
individual mobile station seeking to be served, even after said decision has been made,

thereby to generate a database co-located with said radio resource manager.

Embodiment 4. A system according to embodiment 1 wherein said
information used by said radio resource manager includes information obtained from its

co-located base station functionality.

Embodiment 5. A system according to embodiment 1 or embodiment 4
wherein said information used by said radio resource manager includes information

obtained from its co-located mobile station functionality.



Enbodi ment 4. A system according to enbodi ment 1 wherein said information
used by said radi o resource nmanager includes information obtained fromits
co- | ocat edokape12831at i on functionality. Enbodi nent 5. A spsTamezemdt ng to
enbodi nent 1 or enbodi nent 4 wherein said information used by said radio
resource manager includes information obtaj,ned fromits co-located nobile
station functionality. - 23 - Enbodi nent 6.’A system according to

enbodi ment 5 wherein said information obtai ned fromsaid co-located nobile
station functi ok@nhodymeny 6der i ved Hypi6M accrdast orambasdiveite fembhewin aid east

one char aCtil%rohﬁ tiogll %ﬁﬁ%ﬂ\?ﬁ%% go—'i(?cq]g:(a Illé)ﬂﬁ stggq%?@%n%&ltalié/ fg‘ d%}@%pg ?olmn

according to enbo ereirn said functiona es are€ provi

accor dance amehft cac elabutb@entadnmisasteat icharagtanda daidndecondandib ninkai d

i nformati on includes information provided by said nobile station
functionality in accordance wth said standard. Enbodi nent 8. A system

according to engodijmpnt, % wher e nsajf celhitato COMBERHhERT koynstandald
conpri ses 3GPP E-UTRAN LTE

functionalities are provided in accordance with a cellular communication standard and
wherein said information includes information provided by said mobile station

functionality in accordance with said standard.

Embodiment 8. A system according to embodiment 7 wherein said

cellular communication standard comprises 3GPP E-UTRAN LTE.

Embodiment 9. A system according to embodiment 8, where the

information includes at least one of RSSI, RSRP, RSRQ.

Embodiment 10. A system according to embodiment 1 wherein each said
moving relay and each said mobile station constitutes a cellular communication node
and wherein said links generate routes interconnecting said nodes and wherein at least
one radio resource manager residing at an individual node is operative to compute a
route quality parameter characterizing quality of at least one individual route passing
through said individual node, by combining information pertaining to links along said

individual route.

Embodiment 11. A system according to embodiment 10 wherein said radio
resource manager operative to compute a route quality parameter combines information
pertaining to links along said individual route by computing a minimum from among

values characterizing respective qualities of all links forming said individual route.

Embodiment 12. A system according to embodiment 10 wherein said
system is operative in conjunction with a cellular network including a core device, at
least one static base station, and a population of mobile stations communicating via

antennae with at least one of the base stations, and wherein said individual route



Enbodi ment 9. A system according to enbodi nent 8, where the information

i ncludes at | east one of RSSI, RSRP, RSRQ Enbodi nent 10. A system accordi ng
t o enbodiwenni2l12o418r ei n each sai d noving relay and eachPsail2omwbiods st ati on
constitutes a cellular conmunicati on node and wherein said |inks generate
routes interconnecting said nodes and whergin at | east one radi o resource
manager residing at an individual node is'Qélp'erati ve to conpute a route

qual ity paraneter characterizing quality of at |east one individual route
passi ng t hicomghsesad douta¢Prnestiag sn%d@,dlvm%daé@wﬁﬁ: 9 8y 1¢ast onrgrat it sigle tbashi ng
to links als%lgr\}\iai d individual route. Enbodinent 11. A system according to
enbodi nent ierein said radi o resource nmanager operative to conpute a
route quality paraneter conbines information pertaining to |inks along said
i ndi vi dual route by conputing a m ninmum from anong val ues characteri zing
respective qual itRegimentdp; i dxeysteat asenEliaa i mbRHipeuahersinseid S8i68i ment
12. A system aaatdl 79 b, RIRAA R R RORTiRciadng SURL BOiLS PRGEAbIve [N
conjunction wth a cel ar network I ncludi ng a core device, at least one
stati ¢ basetasit dhscomgtioanghdea pauildtehiod mabiile s@bbhecEtmbnicamooamupnatwitty vi a
antennae with at | east one of the base.stati.ons, d wherein saij

i ndi vi dual 2 {}mté)ne 0 %b_ase stations and wherein each individual radio manager that

have a sufficiently high quality connection to the static network may provide

c?oes not

communication, via said individual radio manager’s co-located base station
functionality, between mobile stations that are connected to said co-located base station

functionality.

Embodiment 14. A system according to embodiment 13 wherein said
system is operative 1in conjunction with a static network including a core device, at least
one static base station, and a population of mobile stations communicating via antennae
with at least one of the base stations and wherein each radio manager that does not have
a connection to the static network may provide communication, via said individual
radio manager’s co-located base station functionality, between mobile stations that are

connected to said co-located base station functionality.

Embodiment 15. A system according to embodiment 1 wherein at least one
individual radio manager can provide communication, via at least one base station
functionality linked to said radio manager, between mobile stations that are connected

to said at least one base station functionality.

Embodiment 16. A system according to embodiment 1 wherein each
resource manager is operative to selectably establish communication between at least
one mobile station connected to its co-located base station functionality and at least one
mobile station connected to a moving relay to which said resource manager’s co-located

mobile station functionality is linked via a route.

Embodiment 17. A system according to embodiment 16 wherein said route

includes a plurality of links.



conprises a route connecting said individual node to at | east one of the
static base stations. Enbodi nent 13. A system according to enbodi nent 1
wher ei n SS0DARIRYRIFM i S operative in conjunction with a SCATLWIMEINTH K
including a core device, at |east one static base station, and a popul ation
of nobile stations comrunicating via ante e wth at | east one of the base
stations and wherein each individual radi oc-nmanager that does not have a
sufficiently high quality connection to the static network may provide
comuni cation, via said individual radio manager's co-|ocated base station
functionality, ile statd t ' -

co-l ocat ed base s‘%ﬁﬁﬁﬁﬂﬁghcti2%%&#%53“€%§%%?%§ﬁﬁ&ﬁﬁgﬁg53?@%%?@%%%¥ﬁ¥hg to
enbodi ment rdsduitben@iapersi@bidingy:s tsaith ihdividpelr @idev®niptes @npluitity ehroviet quatityst at i c
network including a core device, at_|east one static base station, and a
popul at i on PBTMEHEP [ AQOREIRMEINEHARIYATPHE 2§ RS ennae with at | east one
of the base stations and wherein each radi o nanager that does not have a
connection to the static network may provide conmuni cation, via said

i ndi vi dual radi &nmedlagent'ls. co- [Aosateadadvasins toatmignlithemic tiBonatheteyny  bratdveen
nobil e stations that are connected to siigvcohéocated gase station
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| east one iindiMuAURbbilA RN TBRALRII 16 [ THsOVialSn ARLTIMULIEAEI-RRatel vatrAhid east
one base station functionality linked to said radi o manager, between nobile
stati ons t hiadio saseursommaeged to said at | east one base station
functionality. Enbodi ment 16. A system accordi ng to enbodi nent 1 wherein
each resource nanager is operative to selectably establish comunication
bet ween at | easEngnRif®@hiZoe st af ignesonaeediad {0 chbsdidRnt ocae@rdasAId
station functionality and at | east one npbile station connected to a noving
rel ay to whirdndggimohilesdaiionds Apgialger Ve a b Jrosiedd Wiy it & i&t gy derision to
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| erelrn sal i0 resource manager residing at
sai d i ndi vibdsal atrledeircampat esd plupdlity af roinge plalityouireneiendl i ty parameters for a
corresponding plurality of route alternatives.

Embodiment 21. A system according to embodiment 6 wherein said

information obtained from said co-located mobile station functionality includes said at

least one measurement itself.

Embodiment 22. A system according to embodiment 4 wherein said
information obtained from said co-located base station functionality is derived from at

least one measurement of at least one characteristic of said first radio link.

Embodiment 23. A system according to embodiment 22 wherein said
information obtained from said co-located base station functionality includes said at

least one measurement itself.

Embodiment 24. A system according to embodiment 8§ or embodiment 9

where the information includes a rsSINR (reference signal SINR) metric.

Embodiment 25. A system according to embodiment 1 in which an
individual mobile station is connected to an individual base station functionality and

wherein a decision to transfer said individual mobile station away from said individual



Enbodi nent 19. A system according to enbodi nent 18 wherein said radio
resource nmanager provides said plurality of route quality paraneters to an
i ndi vi duaWorzot12e518t at i on connected to the base stati onPCEAC20120DTY v
co-located with said radi o resource manager. Enbodi ment 20. A system
according to enbodi nent 19 wherein said i r}%l vidual nobile station is
operative, when in a node in which it is7if's own decision to which unit
havi ng base station functionality it is to be connected, to nake said

deci si on b&swdstaiion faagtonplitygamade Ry gapupleupaiapencoolocited vathgaig indiyidual

par amet er s.bageb ﬁg)inrfgﬂétio%’}l‘it? system accordi ng to enbodi nent 6 wherein said

i nformation al ne rom said co-located nobile station functionality

i ncludes said at | east one neasurenent itself. Enbodi nent 22. A system
according to enbodi nent 4 wherein said information_obtained from said
co-1ocated base FbadimentZ2inct i dhaystanyageordiag [,ambadingantah andesd cspRiising

measur ement, Of, @l A&ASik RGP LAGKE P Panlefaé@ioﬂe fsitarti%,tbiséds!tﬁiohi, DKd a

Enbodi ment 23. A system accordihg to enbodi nent 22 wherein said information
obt ai ned f populs@erdoiCmobibe sthgchsiasenwtiatingrvid ameinaowaih dtyedsnohaidiethe dased at
| east one neasurenent itself. Enbodi nent 24. A system according to

enbodi nent S8U8PS enbodi ment 9 where the information includes a rsSINR
(reference signal SINR) netric.

Embodiment 27. A system according to embodiment 26 and also
comprising a relay network manager (DisNetRM) located at a static network core

device.

Embodiment 28. A system according to embodiment 1 wherein, for at least one
mobile station functionality in at least one individual moving relay, said unit which has
base station functionality comprises a base station functionality of a moving relay other

than said individual moving relay.

Embodiment 29. A system according to embodiment 1 operative in
conjunction with a cellular network including a core device, at least one static base
station, and a population of mobile stations communicating via antennae with at least
one of the base stations,

wherein, for at least one mobile station functionality in at least one individual
moving relay, said unit which has base station functionality comprises said static base

station.

Embodiment 30. A system according to embodiment 1 wherein said
information, but for said exchanging, is accessible to only a subset of said radio

managers.

Embodiment 31. A system according to embodiment 1 wherein said

information comprises link information characterizing at least one of said radio links.



Enbodi ment 25. A system according to enbodinent 1 in which an individual
nobil e station is connected to an individual base station functionality and
wher ei n awoeoisi2es1st o transfer said individual nobile sPaTIIDV120&Y78f rom
said individual - 26 - base station functionality is nade by a resource
manager co-located with said individual bazx station functionality.

Enbodi nent 26. A system according to enboditent 1 and al so conprising a

cellular network including a core device, at |east one static base station,
and a popul at i ofEngfodipeiti3e. st ath cr¥ere aierYidingato pgbodimean e ivescini fon tha

| east one - at | Loent 27 A S r.dj -
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according to enbodi nent 1 wherein, for at_ | east one npbile statjion
funct i onal iStaion fuagtiongliytofo femphigR ey alr2thefv Al & Erts baseastefiqmitherah &h has

moving el e na R R 8 ovi ng rel sy, Enbodi ment” 29, A
system according to enbodi nent 1 operative in

Embodiment 33. A system according to embodiment 27 in which an

individual mobile station is connected to an individual base station functionality and

wherein a decision to transfer said individual mobile station away from said individual

base station functionality is made centrally by said relay network manager

(DisNetRM).

Embodiment 34. A system according to embodiment 20 and also
comprising a cellular network including a core device, at least one static base station,
and a population of mobile stations communicating via antennae with at least one of the
base stations wherein said individual mobile station decides to establish connection
with the unit having base station functionality which, according to said plurality of
route quality parameters, provides said individual mobile station with the best route to

one of the static base stations.

Embodiment 35. A mobile communication network system operative in
conjunction with a core network including a core device and at least one static base
station, the system comprising:

a plurality of base stations; and

a population of mobile stations communicating via antennae with the base
stations;

the base stations including at least one moving base station which communicates
via antennae with the mobile stations and includes base station functionality, a first
radio 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



conjunction wth a cellular network including a core device, at |east one
static base station, and a popul ation of nobile stations conmunicating via
ant ennae woth12a20318éast one of the base stations, ROEABIN2/0500T8 at

| east one nobile station functionality in at |east one individual noving
relay, said unit which has base station fuypctionality conprises said static
base station. Enbodi nent 30. A systemaccording to enbodi nent 1

wherein said informati on, but for said exchanging, is accessible to only a
subset of duicionady otheraidge sgtion furerional thiseainaiiatizg via ayamnaeivabadldishg t o

enbodi nent ' - npbil e station functionality co-located with
sai d novi né)ﬁgtsa acy%/gbg% Etgirlgt)%stgg?agg?d i ndi vidual nmoving relay, said unit which

has base st ati owHetsig tHeofigk iddyo mlsgpceoomppiiees a base station functionality
of a noving relay rather, than a static base station, thereby to provide
mul ti-hop capabil ity 2t8lig &FYUEGMBALCIEMSbdi nent 33. A system according to

enbodi ment 27 in whi f%@n&ianalngifefﬂ @F@tiy%hﬁmﬁﬁnaﬁérﬂ,na 3%3&%51%%%%&0% @n

i ndi vi dual base station functionali erein a decision to transfer
sai d i ndi vi dual onebirhdio stapar, @waytifelprodacaed withvituahoiag bast dbtian,

functionality is de central by said rel.a etwor k manager (D s )
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and a popul ation of nobile stations Comunicating via antennae with at
| east one of thendyeidealsodpiasersradivenaiagesai d i ndi vi dual nobile station

deci des to establish connection wth the unit  havi base stati.on
Functtonal i 1y wiTiER " SRaBrragon Beidy BOSrtPe W eL PP BB fiffs one

par anet er s of HeQ¥ile@mesai d i ndi vi dual nobile station with the best route to
one of the static base stations. Enbodi nent 35. A nobil e conmuni cation

networ k system oper at9sagon Af said at least one moving base station; and

statistics re measurements of link quality.

Embodiment 36. A system according to embodiment 35 wherein said
information comprises information regarding qualities of respective connections of
respectively co-located radio managers back to the core network is provided by
respectively co-located radio managers via a selected one of:

a static base station from among the at least one static base station of the core
network; and

a moving base station capable of providing service to the individual radio

manager’s co-located mobile device.

Embodiment 37. A system according to embodiment 35 wherein said
information regarding quality of its own connection back to the core network is

provided by its own co-located mobile station.

Embodiment 38. A system according to embodiment 35 wherein said
information includes information regarding channel quality which other base stations
are able to provide mobile stations in the vicinity of the individual co-located radio
manager and which is provided by reports generated by said mobile stations in said

vicinity.



conjunction with a core network including a core device and at |east one
static base station, the systemconprising: a plurality of base stations;
and we 2pepbasi on of nobile stations comuni cati ngPeraLzme/esnze wt h
t he base stations; t he base stations including at | east one noving
base station which conmuni cates via antennae with the nobile stations and
i ncl udes base station functionality, a first radi o manager and nobil e

station functionality all co-located with the base station functionality,
the base stati ofnMhpdenewRal i ty havbiag acohdise cel epredimeshnc hsrein osatthe

first radi r fi [ r I i o] tion
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funct i onal istayionoimha vicatiiyng thd adanduah oadocaict fadid niapagdr iop@vikl dgtiakive
static base station, wherein the first radi o nanager conprises: a radio
resour ce miAAged mpRjle station. f ynctionality for receiving information from
and sending information to, other radi o managers, respectively co-located
wi th other noving base stations, and for using the information to determ ne
whet her to rej edimadithesdsi). one Avpbidreasbatin®tv aelekdimgntt 85 bheser sagtlothyr an
individualrgﬁse stati.on assocjated wt individuaﬁﬂco-located radi o

h tge .

manager,  "410 MRARG I OPHATY GO RO R Sreideyir dnGiHE PN ) ect
i ncl udes  ateompagionOntorRfatibh erdRlih©W phetalilyosiaiouRR Afvas@idishs ViaashicP R
novi ng base station; and

individual mobile station can communicate with the core network and at least one

parameter characterizing the relative quality of each of said routes and to communicate

to said individual mobile station information indicative of said route comparison

information and wherein said individual mobile station is operative to select a base

station to be connected to, at least partly based on said information indicative of said

route comparison information.

Embodiment 41. A system according to embodiment 40 wherein said
parameter is based upon a minimum SNR (signal noise ratio) value, over sections which

together compose a route, each section having its own SNR (signal noise ratio) value.

Embodiment 42. A system according to embodiment 40 wherein said
parameter characterizing route quality is a combination of measured qualities of route
sections and fluctuations thereof such that route sections with largely fluctuating

quality measurements are devalued due to their unpredictability.

Embodiment 43. A system according to embodiment 35 wherein at least
one individual co-located radio manager includes a mobile-to-mobile direct
communication facilitation functionality operative to provide direct communication, not
requiring said core network, between a plurality of mobile devices in said individual

radio manager’s vicinity.

Embodiment 44. A system according to embodiment 35 wherein said
moving base station observes a silence period during which it refrains from transmitting

to its own co-located mobile station.



statistics re neasurenents of |link quality. Enbodi nent 36. A system
according to enbodi nent 35 wherein said informati on conprises information
regar di ngvoualzndsas of respective connections of respecPCraLy1ze500T8Ccat ed
radi o managers back to the core network is provided by respectively

co-l ocated radi o managers via a sel ected e of: a static base
station fromanong the at | east one staticbase station of the core
net wor k; and a novi ng base station capable of providing service to

t he individual radi o nanager's co-I|ocated nobile device. Enbodi nent 37. A

system accordin ikment 3 r.ei g . i iR
quality of its g%ﬁ%g%ﬂﬁgg?ion 6%2%%€§2§h§ﬂ§1r% %g %%?%ﬁqgﬁgﬁggﬁgggl%§tits
own co- | ocahedharafibli@icsifahidodilendnpathidne dyndBicAll B yst@mnet bt mgving base
enbodi nent 35 wherein said information includes information regarding
channel quafafiey s\wAileriet Heio BIEest ati ons are able to provi de nobile
stations in the vicinity of the individual co-located radi o manager and
which is provided by reports generated by said nobile stations in said
vicinity. - 29 Emtediboehitddnt 39N Aystysit emoadiogr @i agbvdinenboth mewrtei3>awher ei n
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characteristic comprises a zone in which silence is observed which is defined over at

least one of a frequency band and a time window.

Embodiment 47. A system according to embodiment 35 wherein said

network comprises a tactical E-UTRAN network.

Embodiment 48. A system according to embodiment 35 wherein if a multi-
hop communication route is used, in which a relay R that is connected to the core
network via another relay A, relay R sends a message to a backhauling relay that R is

A’s anchor.

Embodiment 49. A system according to embodiment 35 wherein said static

base station is co-located with said core device.

Embodiment 50. A system according to embodiment 35 wherein said

physical back-connection comprises an Ethernet back-connection.

Embodiment 51. A system according to embodiment 35 wherein said radio

resource manager comprises an E-UTRAN radio resource manager.

Embodiment 52. A mobile communication networking method comprising:
providing a core network including a core device and at least one static base
station; a plurality of base stations; and a population of mobile stations communicating

via antennae with the base stations;
the base stations including at least one moving base station which

communicates via antennae with the mobile stations and includes base station



information regarding quality of service available fromits own base
station for nobile stations in the vicinity of the individual co-I|ocated
radi o marigen1yrojsovi ded by its own co-located nobil e gCamizn2/oWatsodi nent
40. A system accordi ng to enbodi nent 35 wherein said other radi o manager is
operative to conpute, for at |east one in &yidual nobil e station, route
conparison information including a plurality of routes of base stations via
whi ch the individual nobile station can conmunicate with the core network
and at | east ondéufsdiramiyep ldlhradie apanagey andanehileasthyen dunpstionslitpfalbseh of
said routes and i GAMMILFRLE LORRL LRl Y] dual mobile station =
information indicative of said route conmpari’son information and wherein
sai d individual nobi ltie Bisatstaioni Fincpaabtyl Neiioa palyecdl ckasenctiat it®mhd o be
connected to, at_ least partly based on said information indicative of said
route conpari sodllftirSeHEIASAT e HEY AN MR RaydteinPRYUGY ¢PRRpctign with
ebodi ment 10 REehbiRALHAFATBhAN ! B AABAL UR I Bt gnal
noi se ratio) value, over sections i togetﬁer conpose & route, ea
section havi ng ivissameumaSNRh(as legraineseliesteble ataitio baseadtaten, Enbodi nent 42. A
system according to gﬂgoding@t.40 %gerein said]faranetgr characteri zi ng
route quality is a cOMSTAASHENISE rArEA MANERCIFPRIRFEE 18810 I55ECS BRIRSHS  and

fluctuations thereqinaualid N8l ré@HEG SREIARS MbhhahBkaRIYe ffeldddhi B
gqual ity neasurenents are devalued due to their unpredictability. Enbodi nent

43. A syst em accothdi medio gnamapareli iveprctisgdy whdpeited with|askestmeviag bashi sttowal

co-1l ocat ed radi%nnanager i ncl udes a nobile-to-nobile direct conmunication
facilitation functionality operative to provide direct communication, not

requiring said core network, between a plurality of nobile devices in said
i ndi vi dual radio manager's vicinity. Enbodi nent 44. A system according to
enbodi ment 35 whemgispidgaioampins Q) dgjaEeing AEhenogBiset A deashorg Mebidestpéqn od
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station.
mana ger .

Embodiment 53. A system according to embodiment 35 wherein users are

shown a good location for Quality Grade Result (QGR).

Embodiment 54. A system according to embodiment 53 wherein statistical
measurements of a co-located mobile station in each at least one relay are attached to
location results of the relay and wherein said system includes at least one relay radio
manager (rRM) having a functionality that computes and indicates to the user locations

with good QGC (quality grade control).

Embodiment 55. A system according to embodiment 48 wherein the
backhauling relay becomes aware that another relay is connected to it and finds a good

place to remain.

Embodiment 56. A system according to embodiment 35 wherein said
information includes information regarding qualities of other base stations’ respective

connections back to the core network.
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Enbodi ment 45. A system accordi ng to enbodi nent 44 wherein at

| east

one characteristic of said silence period is dynamcally determ ned by the
bawe 28t2a20518' s co-| ocat ed radi o manager. Enbodi mPOT/IEBI1Z09 em

according to enbodi nent 45 wherein said characteristic conprises a zone in
whi ch silence is observed which is defi ne;d;) over at |east one of a frequency

novi ng

band and a tinme wi ndow. Enbodi nent 47. A S
wherein said network conprises a tactical

‘em according to enbodi nent 35
E- UTRAN net wor k. Enmbodi nent 48. A
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A's anchor basnduaibnreduinndQioh tayls teetie acearctdidry. t o enbodi nent 35 wherein said

static base station is co-located with said core device.

system accordi ng to enbodi nrent 35 wherein said

Embodiment 58. A system according to embodiment 35 wherein said
information includes information regarding channel qualities which said first radio
manager’s own base station, and base stations other than said first radio manager’s own
base station, are respectively able to provide, to mobile stations in the vicinity of the

first radio manager.

Embodiment 59. A method according to embodiment 52 wherein said
information includes information regarding qualities of other base stations’ respective

connections back to the core network.

Embodiment 60. A method according to embodiment 52 wherein said
information includes information regarding quality of the first radio manager’s moving

base station’s connection back to the core network.

Embodiment 61. A method according to embodiment 52 wherein said
information includes information regarding channel qualities which said first radio
manager’s own base station, and base stations other than said first radio manager’s own
base station, are respectively able to provide, to mobile stations in the vicinity of the

first radio manager.

Embodiment 62. Combinations of embodiments with other embodiments.

Embodiment 63. A mobile communication network system operative in
conjunction with a network including a core device, a plurality of base stations
including at least one static base station, and a population of mobile stations
communicating via antennae with at least one of the base stations, the system
comprising:

at least one moving base station included in said plurality of base stations which

communicates via antennae with the mobile stations and includes base station

Enbodi nent 50. A



physi cal back-connection conprises an Ethernet back-connection. Enbodi nent
51. A system according to enbodi nent 35 wherein said radi o resource manager
conpri seswanoB/10F AN r adi o resource nanager. Enbodi ment PEZ2/IE0twbionTs

comuni cati on networ ki ng net hod conpri sing: provi ding a core network
including a core device and at | east one 5?1ati c base station; a plurality
of base stations; and a popul ati on of nobi-l’e stations conmunicating via
antennae with the base stations; t he base stations including at |east
one novi ng fBacsienalitst a Grstvitie Mavagenanil daekils s\tat@nafﬁtl@mmabtymﬂtW-t%@tegrdbrh

stations a cl tation -31 - functionality, a first radio
manager Elgerrltt))gl Isgag‘s% { ]?%ﬁ)ngﬁtgbti onality all co-located with said base

station f unct i onigd bdsy station functibalivpBgvisg aphgical bt -¢amnadtidnyto ey iiRgradio
physi cal back-connection to the first radi o nmanager, the first radio
manager hawWdiged> PRy Escafiocnatest Pomnsw PHY%%HI&OWP% wdthathe gRobile station

functionali i nnae
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radi o nanagee sderhle bas S&ltll()adl 0 resource manager; and functionality for

receiving informgtion fr nd sending information to, other radio
managers, respect e{rai {hee rsIt it 84"Wt AO'BPHES" novi ng base stations; and

using said informati@nadie réghREMAacmhgider to reject at |east one nobile
station seeking to be served by an |nd| vi dual base station associated with
said first radio rmnﬁgg:rtlonahty for receiving information from, and for 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.

Embodiment 64. A mobile communication network system operative in
conjunction with a network including a core device, a plurality of base stations
including at least one static base station, and a population of mobile stations
communicating via antennae with at least one of the base stations, the system
comprising:

at least one moving base station included in said plurality of base stations which
communicates via antennae with the mobile stations and includes base station
functionality, a first radio 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 base station,

wherein the first radio manager 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,

wherein at least one radio manager is operative to compute, for at least one

individual moving base station, route comparison information including a plurality of



Enbodi nent 53. A system accordi ng to enbodi nent 35 wherein users are shown a
good location for Quality Grade Result (QGR). Enbodi nent 54. A system
accor di ngvocoeesisnent 53 wherein statistical neasur emPeT4LLN2/6500T3- | ocat ed
nobile station in each at |east one relay are attached to location results
of the relay and wherein said systemincl Lé es at least one relay radio
manager (rRM having a functionality that “Conputes and indicates to the
user locations with good Q3C (quality grade control). Enbodi nent 55. A

syst em accaPHpPhef basesyens fanvhigh hthmdaiidnal mroviyree Rasaustatiog caecapnBuisifes

awar e t hat ot her | t ' fi.nd: . pl
e SO ISP BN AT LR e AN LLOOR SRR AERLL
i nf or mat i oraé¢nol yaidsrouttk amaaivhapin egariadinglugualovtigebasof statdnecorhase to a

stations' respective connections back to the core network. . - 32 -
Enbodi nent S§710& a5 slatipmscdentest deasbpay Satesemtinesmakien idiratis af sait BWifat i on

I ncl udes i QB&@E@&QH&E&% ing quality of the first radi o manager's novi ng
ion'"s connection Back to the core network.

base statio
and wherein the plurality of routes of base stations via which the individual
moving base station can communicate with the core network includes at least one route

characterized by multi-hop backhauling.

Embodiment 65. A system according to embodiment 63 wherein said
mobile station seeking to be served by said individual base station includes a mobile

station currently being served by said individual base station.

Embodiment 66. A system according to embodiment 63 wherein said

individual base station is co-located with the individual co-located radio manager.

Embodiment 67. A system according to embodiment 63 wherein said

individual base station is served by the individual co-located radio manager.

Embodiment 68. A system according to embodiment 63 wherein said
functionality is also operative to determine a base station other than said individual base
station, which is more suitable than said individual base station to serve said mobile

station seeking to be served.

Embodiment 69. A system according to embodiment 63 wherein at least
one radio manager is operative to compute, for at least one individual moving base
station, route comparison information including a plurality of routes of base stations via
which the individual moving base station can communicate with the core network and at
least one parameter characterizing the relative quality of each of said routes and wherein
said individual moving base station connects to a serving base station selected at least

partly based on information indicative of said route comparison information.



Enbodi ment 58. A system according to enbodi nent 35 wherein said information
i ncludes information regardi ng channel qualities which said first radio
manager ' swowni2ssasst ati on, and base stations other thalrC3aL21£/030818 radi o
manager' s own base station, are respectively able to provide, to nobile
stations in the vicinity of the first radig manager. Enbodi nent 59. A net hod
according to enbodi nent 52 wherein said information includes information

regarding qualities of other base stations' respective connections back to
the core networ lEmiBdBetiEnt 60\ Aysten hesdrdo & ginhgdimene ibadicrraheadisaigher ei n

sai d inforngtl ?a{hi'% AEHESS l)gér%xﬂﬂoi c%ﬂlcp'u?eg%&ditrigas? HHA[ |da¥vi@lal Wik [ fShn! @di 0
manager's novi ng base sStation' s connectlon back to the core network.

Enbodi nment réite cédmpriidvadntac@atich mgludingearpldilng ot rddeswdtaragd Rasa@isdvia Rfhaghmat i on
i ncl udes infornation re%grding channel qualities which said first radio

manager' s &hinghdduad mphils $atigh ¢ap semmstnigatowsh dhgepremehrerk ing af ilgast oneadi o

manager’ s .%hﬁltaéitefi%'ﬂ? (R RIGRR @gﬁﬁéggpef'excm &id ARl comPiiRild e
stations | t eV|C|n|tyo t he I rs r I 0O manager. Enbodi ment
62. Conbi natto sl afdiediddmobii¢ sstation hinédrhvetioe niodidatiren OF . saldmbedée rmentpat §nA

nmobi | e comruni cati on network system operative in conjunction with net wor k
ool udi no aopR ot SR i S RE rhhuE Seriln o HetRik (e et Peaet
one static sRasg 1§ hatdhRibet@nG, at Iéf@ﬂ%a@@ pisc@fon @RI {BorddaAbh QRS cARRIBINEAL | NY

via antennae with at | east one of the base stations, the system conprising:

at | east oneutprpvinpgidoagefognaitdnon i ncluded in said plurality of base
stations which communi cates via antennae with the npobile stations and
i ncl udes base station - 33 -

Embodiment 71. A system according to embodiment 64 wherein the radio
manager computes said route comparison information for an individual moving base
station served thereby whose mobile station functionality is communicating in idle

mode, via antenna, with at least one selectable base station.

Embodiment 72. A system according to embodiment 64 wherein the radio
manager computes said route comparison information for a moving base station co-
located therewith whose mobile station functionality is communicating in active mode,

via antenna, with at least one selectable base station.

Embodiment 73. A system according to embodiment 71 and wherein the
individual moving base station camps on said serving base station selected at least

partly based on said information indicative of said route comparison information.

Embodiment 74. A system according to embodiment 72 and wherein the
individual moving base station is handed over to said serving base station selected at

least partly based on said information indicative of said route comparison information.

Embodiment 75. A system according to embodiment 63 and also
comprising a core device and wherein the core device allocates constant communication
session bandwidth between each mobile station functionality and the base station with
which it is communicating so as to maintain a constant active mode of communication

between each mobile station functionality and the base station.



functionality, a first radi o manager and nobile station functionality al
co-located with the base station functionality, t he base station
functi onawD2912420318g a physi cal back-connection to the fPCrat2mzoioo’smanager,
the first radi o manager having a physical connection with the nobile
station functionality, the nobile station functlonallty conmmuni cating via
antennae with at | east one sel ectable basé station, wherein the first radio
manager conprises: a radi o resource manager; and functionality for
receiving information from and for sending information to, other radio
nmanagers, respegliyvel | ocat,ed n o] d for
u3|ng the |nfgr%%@?gﬁx?ﬁqgeterﬁ§né%%%et%&gﬁégg?giengﬁﬁS?eag%fd%§'ﬁg Ile
stati on seekinpgsih@ aleresdvicedinbyvierein @i corddalicdrdpeatss atnstalnt ﬁﬁ’ﬁmﬁhﬁﬁtﬁdl Wi th
t he individual co-located radio mana]gee Enmbodi nment 64. A
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one static base statlon a population o e stations conmuni cating
Vi a ant enndetwiich leact mbeidsttatomefuoftidnabtybadeths bate staton. t he syst em conpri si ng:
at | east one noving base station included in said plurality of base
stations which comuni cates via antennae with the nobile stations and

includes base stfiqmménngt i ona| i hypila cfohfrﬁﬁmcfa@l@honm{ﬁlgesryst@ﬁfj sERRid &
station functionality all co-located with the base station functionality,

t he base stpapilanorf whonplykvabiatignshavinmgnigaphy i ahtehagsk Wabnhaset statronso thae
first radiaq ﬂa &ﬁulnthe first radi o manager havi ng a physical connection
with the mshiTe"S % on functionality, the nobile station functionality

conmuni cati ng vnaeplaﬂat@naa&swstahoﬁd incRd§ty QNe€ass BheSh@bbsehagRnSIndtdt Qdhst
wherein the first radi o manager conprises: a radi o resource manager; and
f uncti onal iong Maying kase Fiiipry WiihsORIR RS \GerinigRric e HYIhA grabile slakans &l t o,

other radi ¢,RAIGLS SESRCFHNShNitF O G G8ui¥ HihnQ3d1ehnd 0N PTe PAZSon

stations,
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
base station; and

a core device which allocates constant communication session traffic between
each mobile station functionality and the base station with which it is communicating
so as to maintain a constant active mode of communication between each mobile station

functionality and the base station.

Embodiment 78. A system according to embodiment 56 wherein said other
base stations include all base stations along a route connecting said moving base station

and said core, via which route said core serves said moving base station.

Embodiment 79. A system according to embodiment 77 wherein said other
base stations include all base stations along a route connecting said moving base station

and said core, via which route said core serves said moving base station.

Embodiment 80. A system according to embodiment 64 wherein said

information includes information regarding channel qualities which said first radio



- 34 - routes of base stations via which the individual noving base station
can communicate with the core network and at | east one paraneter

char act erwoi2op/2bsrel ati ve quality of each of said rour€3/Iazd2/o4ersei n sai d
i ndi vi dual noving base station connects to a serving base station sel ected
at |east partly based on information indicative of said route conparison

i nformati on, and wherein the plurality of routes of base stations via
whi ch the individual noving base station can conmunicate with the core

net wor k i néMandeds’ ssawn basststabinn, #nsltase slaterscathber thagsapd fipsh radio mepagsaciongul i ng.
Enbodi ment . St in [ t ejn I: '

station segg?enégat?%n’ 8gg1rseg§é:/cglé%y§%%?0d8 égﬁ%ﬁvﬁﬁlgﬁjﬁ%@g% ia }h(%?l‘gﬁc ﬁggge a
nmobi | e st affiraradivimiaangdry bei ng served by said individual base station.
Enbodi ment 66. A system accordi ng to enbodi nent 63 wherein said individual
base station is co-located with the individual co-located radi o manager.

Enbodi ment 67. Arsyisly Gor di ng &0.6ModidBRt (o6 3mHEHLEND wtheld3gi Midual
base station is servgﬁér&%S t he indgi%viegluaf) (r:o- oc(:)atrenggrg%?o %r@&erl. °
Enbodi ment feR:tinglygtie mpacdee dondetectirnihedjumbint o 3asthendusersat@on and the

functionality.is al so.operat.ive to determ ne a se station other than said
e v quar ity otk sRBT i S RpaReSe e Borebin SHies daf AU ass
station to fgRfMRalffk ImERRHSen$d Ad BRcHRKIRGa &ﬁa@@ﬁ#@han@@@@é rBaks 69. A

system according to enbodi nent 63 wherein at |eas ' '
for a current route and for alternative routes for at least one mobile station.

Embodiment §2. A system according to embodiment 81 and wherein said

quality grade results are broadcast to at least one mobile station.

Embodiment 83. A system according to embodiment 81 wherein at least
one handover decision, to hand over a node from one base station to another, is made
by taking into account, for at least one alternative route, the quality grade result of

access and backhauling sections.

Embodiment 84. A system according to embodiment 81 wherein at least
one cell admission decision is made by taking into account, for at least one alternative

route, the quality grade result of access and backhauling sections.

Embodiment 85. A system according to embodiment 81 wherein at least
one cell reselection decision is made by taking into account, for at least one alternative

route, the quality grade result of access and backhauling sections.

Embodiment 86. A system according to embodiment 81 wherein said

mobile stations’ and mobile station functionalities’ measurements include RSRP.

Embodiment 87. A system according to embodiment 81 wherein said

mobile stations’ and mobile station functionalities’ measurements include RSRI.



one radi o manager is operative to conpute, for at |east one individual
novi ng base station, route conparison information including a plurality of
rout es ofwbase/ro#si ons via which the individual novi ngPbage2032/6300n can
communi cate with the core network and at | east one paraneter characteri zing
the relative quality of each of said rout%% and wherein said individua
novi ng base station connects to a serving-Base station sel ected at | east
partly based on information indicative of said route conparison
information. - E3spoadimpiiddi mentd AOStAMs pecosting cioeaibagintest it odicradhtsagh
wherei n a5l hi8h0eha LA IRIAAEIC bR FRE AL IR GRORM RerOr 8l | east
one i ndi vi statio route conparison in orna on udi ng a
plurality of routes of base statlons via which the |nd|V|duaI nDblle
station can communicate with the core network and at | east one paraneter
charact eri zi ng #HePAdENgRHSe qudl PXSiENHRCCOEERS tor erabadimery fidakhedpig epeh radio
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said route co ari son I nformation an erein sa| I vi dual
station isaoper Bhstvmetad RRIEARSKI dmﬂsléSRQanwsmetrmntsefrmranmasteﬂwtcd itatod east

artly based o i nf.or tlon cativ f said r ut.e co ari son
P ot et s onscay e sion TR OBl WElh mShiB s Rn b iEnE O ERE S 1 he

radi o manageh«GemBrEesHisai d route conpari son |nfornat|on for an indi vi dual
novi ng base station served thereby whose nobile station functionality is
comuni cating in idIe nDde Vi a antenna with at | east one selectable base

station. Enbodi Iﬁemq:; dlment ySt © sys gnrldalccr:](grd} % %n%)ogoc{m ent g&? %?erlr? ap le
radi o manager cofputes 4204 r od &Yl 7'solr nformat i on t or  a nDV|ng base

stati on covhecat @ﬁdtﬂﬂearsamrﬁémmﬁestﬁnhed &ysbatatleit frieideonglel toy ailSradio
communi cating in active node, via antenna, with at | east one sel ectable
base st ati ¢NaAgHBodi ment 73. A system accordi ng to enbodi nrent 71 and wherein
t he individual noving base station canps on said serving base station
selected at |least partly based on said information indicative of said route
conpari son i nf olmtiddonentBribodi n&ntystdn Aucsysliremtacanbaiimgntt 81 ewhadinmelint 72
and wher e rbutaﬂ‘?y Grade Result (QGR) of all alternative routes is distributed to mobile stations

using a broadcast message.

Embodiment 92. A system according to embodiment 91 wherein the
broadcast message relating to each individual base station is sent to all mobile stations

camping on said individual base station.

Embodiment 93. A system according to embodiment 64 wherein said
information includes information regarding qualities of other base stations’ respective

connections back to the core network.

Embodiment 94. A system according to embodiment 63 wherein said

information is transmitted between “colleague” radio managers via radio.

Embodiment 95. A system according to embodiment 63 wherein at least
one radio manager “masquerades” as a base station by sending a request to a mobile

station functionality to execute an NMR (Network Measurement Report) measurement.



i ndi vi dual noving base station is handed over to said serving base station
sel ected at |least partly based on said information indicative of said route
conpar i sowoi2ef2oressi on. Enbodi nent 75. A syst em accor di ngCTaLzboinTsent 63
and al so conprising a core device and wherein the core device allocates
constant communi cation session bandw dth tmeen each nobile station
functionality and the base station with Ch it i's communicating so as to
mai ntain a constant active node of comuni cati on between each nobile

station functioﬁﬁmmﬁwﬂ@ﬁ@6the Hasestemaasemding 6 embpdissal rishtvieesin sgykst em
according to, ﬁﬂﬂg%] el @%&tﬁhsrg%a?%n uﬁh 913 5i2h Sh I RN 't?? dwm%[n‘@’ggﬁee' n

the core device ocat es' i on session ween
each nobi | enchilatsiation fumtiohangwduyd Bm@m?daieb;bmﬁ badeadtativn oapﬁﬂie vhieehing thd s
connunicatinq sg as to mmintain a constant active node of comunication

bet ween eadBStiedp Managedts BLIHUHRUIIHBIMY1YNd t he base station. Enbodi nent
77. A nobi |l e comruni cati on network system serving a popul ati on of nobile
stations comunicating via antennae with base stations, the system

i ncl udi ng: EndXWMnmaKWty ofCopasmt®hat iobng isnbleudbhgiaaturteast aneinstatic

base station,and at | east one vin ase statjon which conmuni cates via
ant ennae wiFpO ﬁ%ﬂﬁ%ﬁpﬁGSEWﬁfwgpguﬁﬁ ﬁ@ ghﬁﬁgﬁ'station functionality,

a first radi o nanager and nobile station functionality all co-located with
the base station functionality, the base station functionality having a
physi cal back- cdmmrsimen 9% t hé dystest ageadiing rtam@mdlm@mel fand syhareidi sgid

manager havi si cal connect tion functionality,
the nobile" (fgpum%g¥ﬁ%%(#%na am%on%ﬁ%ﬁg%cgﬁﬁﬂw gmgﬁog%ﬁée with at | east

one sel ectabl e base station; and a core device which all ocates

constant communi cati on session traffic between each nobile station
functional ity akdhéngidd. st Arsysamacearding leremhodinens dihwhsrdastingn-Sends to

maintain a n on. b e
S g e T S L
accordi ng titededone hsmt-atﬁ@ nhe aiemased tues herephas eowtathanars dro*p@bdl dec al |

base stations along a route connecting said npving base statigon and said
core, via WHPEHCPGuPECEH) GreBdry Aip¥e BGingRdrhgsIsiee beveen B end-user

mobile station and mobile relay it is connected to, and a backhauling section, including

the links between the mobile relays that take part as nodes in the route.

Embodiment 100. A system according to embodiment 1 wherein backhauling

connectivity is provided by utilizing multi-hop routes between said moving relays.

Embodiment 101. A system according to embodiment 1 wherein

backhauling of said moving relays comprises in-band multi-hop backhauling.

Embodiment 102. A system according to embodiment 1 wherein for at least
one mobile station functionality in at least one individual moving relay, said unit which

has base station functionality comprises an LTE base station functionality.

Embodiment 103. A system according to embodiment 1 wherein for at least
one mobile station functionality in at least one individual moving relay, said unit which

has base station functionality comprises a 2G base station functionality.



Enbodi nent 79. A system accordi ng to enbodi nent 77 wherein said other base
stations include all base stations along a route connecting said noving
base st atwonrromitosai d core, via which route said core s@ecCTas22030TOViI Nng
base station. - 37 - manager's own base station, and base stations other
than said first radi o manager's own base station, are respectively able to
provide, to nobile stations in the vicinity of the first radi o manager.
Enbodi ment 81. A system according to enbodi nent 63 wherein said

functional ity i $ndpeiaenty84f or Adexséon pergrding tqeabpdipnest 1 sdereie fy-af deast
section an L. . . i C i . Ll e
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conbi ni ng $as basqualibh @R tibindldy qordptidey a@Cabise kasiuh functional@y.current route and
for alternative routes for at |east one nobile station. Enbodi nrent 82. A
system accordi ng to enbodi nent 81 and wherein said quality grade results

are broadcast toq |- eaptyo MROLR RS | odj, deitin8%; YSIEW
according to enbé@?ﬁent éﬁ ere?n at Ieaggﬂbggaﬁhngovermdeg$;?on, tézhand
over a noddeNBirRMAAIHasdesshatvnon g Bnbtnwer be ingplerackgedy tlakinnging meélays
account, for '
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embodi nent 3pusheafcal FURIAPBERSton No. WO/2011/092698, other than those modifications
shown and described herein.

In existing LTE cellular networks, each mobile station is typically identified by
one or more unique IP addresses. A packet that is addressed to a mobile station is
typically routed through an IP connectivity gateway (e.g. P\S-GW in LTE or
GGSN/SGSN in 3G UMTS or HPSA or CSN in WiMAX) using a tunnel (e.g. GTP
tunnel in L'TE) to the base station and from there to the mobile telephone.

In hierarchical cellular networks, (e.g. 3GPP TS36.806) the packet is typically
routed through several tunnels and then routed to the addressed mobile station.

Certain embodiments of the present invention may be utilized in scenarios
incorporating a mobile relay which typically comprises base station functionality
(termed herein TeNB), mobile station functionality (termed herein TUE or tUE) and
relay radio/resource manager (rRM) e.g. as described in PCT application No.
IL2011/000096 entitled “Cellular Communication System with Moving Base Stations
and Methods and Apparatus Useful in Conjunction Therewith”, filed January 27, 2011;
published as WO/2011/092698 on 4 August.2011.

In L'TE, the core network that serves these relays and other standard base
stations typically uses the standard L'TE core elements. In certain embodiments of the
present invention a conventional router is added to the core and is connected to the
gateway (e.g. P/S-GW) (e.g. as per Fig. 3), and optionally to a mobility management
entity e.g. MME.

A mobile station (e.g. 101 & 102) may register for service to either the
stationary base station (112) or to the base station functionality in a relay (107), that
may comprise either a stationary or mobile relay.

In Fig. 3 the mobile stations (101, 102) are registered with Relayl, the mobile

stations (101, 102) typically communicate with the Base station functionality (TeNB)



one cell adm ssion decision is made by taking into account, for at |east
one alternative route, the quality grade result of access and backhaul i ng
sect i ons.warhdizpBnt 85. A syst em accordi ng to enbodi nenPCALMWNZOOTS at

| east one cell reselection decision is made by taking into account, for at
| east one alternative route, the quality grade result of access and
backhaul i ng sections. Enbodi nent 86. A sy§téﬁ1according to enbodi nent 81

wherein said nobile stations' and nobile station functionalities'
measur emrent(§07) meingdiee RERpir interfage. Asmpfiodithrererisgation pipsesenthe erabildistigono

enbodi nent | 1.4 .mbi l.ans d ' S |
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accor di ng tmmyebbaskdBnthe@Bobifeastations Bl 102)diod theanRgedfivsesr theagunemedd s

fromat |east one other radi o nmanager over a sub-network, and at |east one
of RSRP, RéﬂV“%ﬂ@SRSRQ neasurenments fromat | east one of its co-located

B
89 wher ei nsatiohe@dd®) or to other relay base station fun;:tionality (e.g. TeNB) which may then
communicate with the relay whom the TUE is part of e.g. via the LTE air interface
(111).
The traffic from the mobile stations (101, 102) is typically received in the Base
station functionality (TeNB) (107) and encapsulated by the Base station functionality
(TeNB) (107) e.g. using a GTP tunnel (103,106).
Typically, the traffic is then directed to the TUE (108) and sent to the Stationary
base station (SeNB) (112) which then typically encapsulates it and sends it to the
gateway (e.g. P/S-GW) (113) using additional GTP tunnel (110).
Typically, e.g. in Figs. 3, 4 and 5, arrows that do not extend into the near-
"circle" representing a relay node (e.g. arrows 104, 105 in Fig. 3) represent air interfaces

(physical layer) whereas arrows that do extend into the near-"circle" representing a relay

node typically represent, represent higher layer interfaces.

Thick black arrows (e.g. arrow 110 in Fig. 3 or arrow 212 in Fig. 4) typically
represent general IP-based communication. Thinner arrows e.g. arrows 202, 203 in Fig.
4 typically represent a GPRS tunnel. The width of the GPRS tunnel typically indicates
that it is a tunnel inside a tunnel, e.g. as represented by a small dark-gray arrow (suchas
arrow 510 in Fig. 6) inside a large, light-gray arrow (such as arrow 512 in Fig. 6 ). This
follows a convention similar to the 3GPP relay convention e.g. as shown in 3GPP TR

36.806’s figure numbers 4.2.2-2 and 4.2.3-4.

It is appreciated that, as shown in Fig. 8, the router may be the default gateway
of all stationary network elements and the s- or p- gateway may be the determination
point of all GPRS tunnels such that the tunnels’ packets are sent back and forward
between gateway S/P-GW and Router until all GPRS headers have been removed.

Figs. 5 and 6 describe an example encapsulation process having various stages.
Fig. 5 illustrates an example scenario of three mobile stations, two of which (416, 417)

use Relayl in order to connect to the static network. Fig.6 describes an example of
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station, or static station, or other server (such as but not limited to video broadcast,

voice, SIP, gaming).

The Base station functionality (TeNB) (504) typically encapsulates the data in a
GTP tunnel (510) with the source address typically comprising or being the address
given to the Mobile station functionality (tUE) (506) when it registered to the mobile
relays network APN and used to encapsulate Base station functionality (TeNB) (504)
communication data. The destination address is typically that of the gateway (e.g. P/S-
GW) (508) that was assigned to mobile station MS1 (502).

The data is typically sent via the L'TE air interface from the Mobile station
functionality (tUE) (506) to the stationary base station SeNB (507).

Typically, the Stationary base station (SeNB) then encapsulates the data in
another GTP tunnel (512) with the source address typically comprising the IP address of
the Stationary base station (SeNB) (507). The IP address of the Stationary base station
(SeNB) may be either static or dynamic and the destination address typically comprises
the gateway (e.g. P/S-GW) (508) that was assigned to the Mobile station functionality
(tUE) (5006).

The data is typically received by the gateway (e.g. P/S-GW) (508) that initially
de-capsulates the GTP tunnel from the Stationary base station (SeNB) (512). The
resultant packet typically comprises a tunneled (510) packet forwarded out to the router
function (509).

Typically, the destination address for the resultant packet is now the gateway
(e.g. P/S-GW) (508) of mobile station MS1 (502), and the router therefore redirects the
resultant packet (510), typically back to the gateway (e.g. P/S-GW) (508), e.g. the same
gateway (e.g. P/S-GW) the packet came from, or another gateway (e.g. P/S-GW), if the
two assigned gateways (e.g. P/S-GWs) for Mobile station functionality (tUE) and for

mobile station MS1 are different.



- 39 - BEnb
informati o

odi ment 96. A system accordi ng to enbodi nrent 63 wherein said
n includes information regarding quality at which the first

radi o

manager ' swoebideoxatati on functionality mould be served pgTABRYN2/HHET St ati on

capabl e of
Enbodi nment
with a sub
accordi ng

serving the first radio nanager s nobile station functional

ity.

97. Conbi nati ons of a subset of features of certain enbodi nents
set of features of other enbodlﬁéﬁts Enbodi nent 98. A system

to enbodi nrent 1 and wherein said radi o nanager includes an

i n-band mul t i - hdperatrradrign§/S-GNex (0RaNewyypically de-gapsulgierdhr sagond ARy st em

according t
functi onal

R BI) By R RSl ) B RED TSy R PR e by

creating new aI Ik rlastinagon addres rhay roe;ﬂiea(mgmiamteﬂﬁqatlhlahdc&m oftieppetetdie to
i nterference, wherein each new alterpative route includes a section. between

the end- uséic HBBITREd examplsna apreroBithe Tpemsy (191 sTheoFmidat @80} B12yaribery

backhaul i n
t ake part

ForSEEd [Rbackdl & fﬁg'lﬂt‘ér&et‘g‘erwr%%)bet ween the mobile relays that

as nodes 'in the route

nmbodi ment 100. A system accordi ng

to enbodi nent 1 Imtler eivarsb @okdtanm, ithgpieoem ehinviypigally cpmpnised ésbubgingtof Ithezi ng

mul ti-hop
accordi ng
conpri ses

to enbodi nment 1

POl baa AT 1 RGN B RRADT ) GRS EOEGURY v of ays

i n- barzngﬁmu LouRQR f?&ﬁ‘ﬁh%ﬂeh{ég serFBDGADRRL AdP&s A RYSHE eMaagesy di ng

erein for at |east
of mobile station MS2 (501), may be forwarded to the router (509) from the Internet.

The router then typically forwards it to the gateway (e.g. P/S-GW) (508) that is
presented to the network as a router. The mobility management entity that is part of the
core in which the gateway (e.g. P/S-GW) or other gateway resides typically holds a list
matching IP addresses for mobile stations with the base stations that serve these mobile
stations. The gateway (e.g. P/S-GW) then typically encapsulates the traffic in a GTP
tunnel and sends the traffic directly or via router to the relevant mobile station. It is
appreciated that gateway (e.g. P/S-GW) is merely an example and throughout, mutatis
mutandis, other gateways may be employed.

In the illustrated embodiment, the record of the IP addresses matching list for
mobile station MS1 may be the IP address of the mobile relay (the Mobile station
functionality (tUE) (506) IP address). The GTP packet (511) may then be forwarded to
the router function (509) that may bounce it back to the gateway (e.g. P/S-GW) (508).

The gateway (e.g. P/S-GW) (508) now typically receives a packet with Mobile
station functionality (tUE) (506) destination address; its matching list record for the
Mobile station functionality (tUE) (506) is Stationary base station (SeNB) (507). The
gateway (e.g. P/S-GW) (508) may encapsulate the packet again in a GTP tunnel (512b)
addressed to Stationary base station (SeNB) (507).

The router receiving the packet may forward it over GTP tunnel (512b) to the
Stationary base station (SeNB) (507) which may de-capsulate the packet and send the
decapsulated packet over the air interface to Mobile station functionality (tUE) (506).
The Mobile station functionality (tUE) (506) typically passes the decapsulated packet
on to the Base station functionality (TeNB) (504) that, typically, de-capsulates the
second GTP tunnel (511) and forwards the packet over the air interface (515) to its final

destination e.g. mobile station MS2 (501).
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nmobi | i ty managerfbntabemt-deseribed) scheEE. may be extended to cover scenarios where the
mobile station is connected to the core network via multiple relays (e.g. multi-hop
cellular network).

Fig. 4 describes an example scenario of connection of mobile station (201) to the
core via two relays.

The mobile station (201) connects, say, to Relayl’s Base station functionality
(TeNB) (204) on the air interface (202). The Relayl TUE function (206) connects, say,
to the Relay2 Base station functionality (TeNB) (209) via a wireless interface (208) e.g.
through the air.

The TUE of Relay?2 is connected, say, to the stationary base station SeNB (214)
via air interface (213).

Data oroginated from mobile station MS1 is sent to Relayl’s Base station
functionality (TeNB) (204) via a link (203) and is typically encapsulated in a GTP
tunnel and sent by Relayl TUE (206) to Relay2’s Base station functionality (TeNB)
(209) via a link (207). The encapsulated data is then encapsulated again, in a second
GTP tunnel (212) and sent from Relay2 TUE (211) to Stationary base station (SeNB)

(214). The Stationary base station (SeNB) (214) encapsulates the data in a third GTP
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stages. Fig. 5 illustrates an exan‘gle scenario of three nobile stations,
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net wor k. Flog s?angar%iccfepp yed A S ggeructure e.g. by configuration of routers and APN/PDN

address pool assignments as described above.

An advantage of certain embodiments described herein is that mobile stations
are typically essentially unaware of the multi hop forwarding of their traffic and no
change of the mobile stations may be effected.

The relay function may comprise standard LTE components (e.g. eNB and
mobile station) with a specific control and routing function as described.

The described scheme, according to some embodiments, may introduce
overheads that increase with the increase of number of relays in the path due to multiple
GTP tunnel layers, yet provides a very convenient solution for introduction of relay
structure with minimal changes to infrastructure e.g. addition of router and
configuration of the mobility management entity e.g. MME according to routing

information, e.g. tree topology, as above, and convenient relay function.
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router (509) may then forward the packet to the Internet server (519).
functionality (TeNB) [1210] sends the encapsulated data in a GTP tunnel[1212], Base
station functionality (TeNB) [1210] typically uses the same uniquely allocated prefix of
the Mobile station functionality (tUE), and in this way the tunneled data seems (to the
core elements such as P/S-GW) as though the tunneled data came from the Mobile
station functionality (tUE). A router functionality which resides in the Mobile station
functionality (tUE) may route messages designated to Base station functionality (TeNB)
or to Mobile station functionality (tUE) due to the different interface identifier.

Fig. 9 is a sequence diagram explaining an example encapsulation delivery
method for multi-hop relay applications. The mobile stations typically constitute or
include a subnet of mobile stations; the Base station functionality (TeNB) and reNB
typically share the same subnet address, different from the subnet address of the

stationary core which comrises elements: Stationary base station (SeNB) [1604], S/P-

GW[1605] and Router [ 1606].
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H3 [1617] indicating the source as gateway S/P-GW and the destination as the serving

base station of Mobile station functionality (tUE) and Stationary base station (SeNB).

The original header (H2) and data (D2) is typically loaded as a payload D3 [1618].

The gateway (e.g. P/S-GW) typically sends payload [1616] and header [1617] to

the router. As the subnet of Stationary base station (SeNB) belongs to the stationary

subnet the router typically sends the payload [1618] and header [1619] without

involving the S/P-GW. As part of e.g. the GPRS tunneling protocol the Stationary base

station (SeNB) typically removes the header H3 [1619] and sends payload data D3
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(oroc ol & edyion ST hiethiaears St Bhtiheabpro mmich Bliag O e RE ATy
(217) to the.depdigl6d42 L8 pfam)e& dhia TBS [ 1928] khathas %gmtaup @@ﬂtsfr(ﬁfﬁ%e Server
de-capsul ated and data is forwarded to its final destination. Fig. 7

descri bes éﬁclié@f)éh]ulaacﬂ Pdhlehél. |Iwehe>otls¢rebr§ct$@n thetpirecdsprs sihdarspgmarcversef Fig. 4.
It is appreciat at the aho descripti bee andedto to
any nunber of re%d %IS a egergﬁy ﬁglf'eXp nat " otgo‘?/ :‘%%% rese n§ O °thE E‘Flhg

bet ween t heloﬁehtd;euﬁﬁaﬁ (ol paald:ttdlagnearte ﬂMleagﬂﬁldnt ﬂlreﬁ\gh ﬂﬁréhﬂd‘ﬁﬂ%bﬂul@lﬂd
packets recelved on gateway (e.g. P/ S—G\/\{) need to go through an
addi t i onal NEverkbhpyAL é¢lae€n@%§@nam oRe B @fbneab%ﬁnra&qnbm%tﬁm £ PFUEPYi ng

to a final r#?ﬁh&lﬁ&‘é S8l or all of thd [HasPRE ?tfebsoré'l?l'ta %Qﬁgﬁgo v%'aé‘?‘kfo%{ ucture and

core el ene sefup and configuration as descr ow for the
i npl ement ati on a&fig. tlhellﬁntﬁtearaﬁhuheﬁéxanqﬂeamcm@dmn‘esultay)];n foakhoapwalatonne dakranges
to core infrastructure. The only addition myy be the router function, which

in some seClpRYLE MyPBHEIIaY ﬁ%ﬂ%ﬂ%@aseﬁwé{on aedgorq ety pg whick Gaplqye agothey s gy
i ncl udes '@Eaﬁggla' thhg f&&&ﬂ'ﬁﬂﬁ'dst(XRE defined A9 REAERONRY: fGRTH %ovm' ch

enabl es the nulti-hop t%r‘?nel ing capability described herein and may
be provi dedosicdopldinndath carcle nseai plaie bl nhlntlm illustrathé cxbinplet yrelap Ickramm

data, such as ass of base stations,.to. nobi] tat

tobi | i by miRgeTeH 0BT, R aug gt e i diToak f Wy Eicelitho e

i mpl ement edg]a AG&OLAL Hada@eCAINIGH D) NHIAHEAR IS othRRYiSE a&@&{ﬂécﬁé RleBY&ifs:Cor e
infrastructure e.g. by configuration of routers and APN PDN address gool

assi gnnment snabsledseipn beetwaplovehich the relay resource manager rRM [1402,141

communicates with e.g. via a wireless network dongle such as an L.TE modem [1403,
1413] e.g. via a USB and AT commands interface, and a relayed base-station network
with which the relay resource manager (rRM) communicates using a standard Ethernet
link [1406]. Each relayed base station typically has its own static ip address. The
Router] [1417] is configured to send every packet whose designated address is Base
station functionality rBS, to Router2. Relay resource manager (rRM) [1402]’s internal
router is configured to send all packets whose designated address belongs to the
internal EPC network address, through Router2.

On start up, the relay resource manager (rRM) typically couples the mobile
station functionality (rUE) [1413,1403] to the network. The mobile station functionality
(rUE) is authenticated and assigned an IP address which belongs to the Mobile station
network. Next, relay resource manager (rRM) [1402] connects to Router2 [1415] e.g.

using standard Mobile station communication over a standard packet switch core such



An advant age of certain enbodi ments described herein is that nobile
stations are typically essentially unaware of the nmulti hop forwardi ng of
t heir trawbi2e12anos150 change of the nobile stations nmay PETALIGZOA78

The relay function nmay conprise standard LTE conponents (e.g. eNB and
nobil e station) with a specific control a% routing function as descri bed.
The described schene, according to sone entodi nents, nay introduce

over heads that increase with the increase of nunber of S in the path

due to nul @ gV &he: tbﬂﬁﬁeﬂtatloay@r& ewl%vi\@\ég[lamébrﬁydo% el 141 utl on

for introd r i cture

e.g. addi t:lltg)l%& g{éog%ﬁ ngalrnagerd& ?%(E}Zr]atg%tgﬁp F%le %@ﬁ%ﬁ%g%nggeﬁan%h{‘aenti ty
e.g. MVE adtertaimedist wed (rxut:arn;glﬂ’ pﬁakretmtﬂtbmrelzgfeg bater ﬁ@tldtﬂ@}f)ﬂﬂwrlng@adwe

and convenient relay functio der to able tgo send data

fromthe BIEH B¢ R pddressirf .tltrnlapblteystetréNBThq BOttﬁ@ lddtd Wérbe wepiigwesiat i on
functi onal ighy,nck UE)orﬁte?% BRck M%) RRalhe aqrfu\éﬁrbr'\éa@h Iy %%ttﬁt;f e Ifett@f%taﬂ@é ity

(tUE) address, stateless address autoconfiguration anisme.’g. according
to RFC 486&1amgerddiM}prye¢y bésacsdimphshedr e@ gy s&tlng hetibloblR €. gtcanstam P

et ors, et R ot Rt BT R sl RS ored b0t ro
procedure. e
tst a{ ion f Urf'lﬁ]skQPﬁ{idr'&ééklﬁ@dﬁ)er?ﬁytuﬁﬁ%lﬂlg%&ﬁgtéta%ﬁﬁgﬁ tCI tati 0{1[ g\;g?ag(e [ 1206]
o trigger e networ .g. to send a Router verti senen e. as
per | E%% RFC 486Xice thm@nmgi\tldwr haoBiennesjabpielrado dilt ahdket §etadtrpzcﬂﬂ1@ fro?n
Adverti se 1 a I oon as the d uIt arer has
been estagl%l ES get@orwlgun 1OItla Y(g Isl[ilmgﬁlrre%lﬁg]%) LS %ﬁmeﬂ}bblnﬁ ]pﬁcore

functi onal ieteynehtsUk) bas@\sﬁul@ﬂ fohdtioNelipOFBS R2eS trinPAEhas Sunntheer @vei’@)/mb&leﬂo
restriction on the value of the interface identifier, since thedgrefr Xes

are typi cablaionmichuekycal Pt RE wanelHé4(H; through linik 14519 bepyeengdy base
typically r e
PP W s e i SRR B e TR
functi onal ithiey ROUtIE). Thay tunael ﬁngyptcaﬂertfaae@rerdemthafnrdevers fodrthe xashileestation
converting the 48-bit MAC address to the 64-bit interface identifier. The

Base stati oWaigRsity drEEl ({4 Telmy aney bese, statigigto ppeider hegause dhe fnngh s
mechani sm paRGES bl NEIMBID sk AB R LA Aol URlnBRM BRVALLLSE IS
Routi ng Adverti se he Base station functionality (TeNB) [1210]
sends the erzaplsub dewdbdhwahrrefea:n@' P GRﬂrtehlﬁelmggJ]eroBdslef wiaol grample, for
functionality. (TeNB) [1210 cally uses th uni quel IIoca ed
brefix of EhEobi WAt eoAhtE reshamy i ey oon A wedudy b
tunnel ed dafmeRfEPRIED fubR aEREG0EliRMBAISGTPGRd FSSI'S- G as though the
tunnel ed data cane fromthe Mbile station functionality (tUE). A router
functionality whigh! 2 @ibigaes i nclahecsubisicl rearsiget (TBVX eine télanadceendingt WBRN may
route ITESS& %S dESI gp eld ! I?ag ShSOt ant I‘[honr Iaqus[()lugcea allna et(com } Og l’ltlf(!)OI!vbbI ! e
station func |onaeI| ﬁ]ft'f)@)n i Freleit erpace 1

Fig. 91is aus@fqtaemﬁleqedngdrlamseﬁﬁpl[amr R@d@nRa@oam@I abeptapyal 4t Vﬁﬂla(ﬂtheVel’y
met hod for nulti-ho ay applications. The nobile stations typl cally
consti t ut esalrsyrs‘tﬁm L) aanduB AN RNGERRY Subtyateibr 428l Haitably couplad o 29
functional ify.(TeNB) and reNB typically share the same subnet address,

di fferent fsromthe subnet address of the stationary core which conrises
el enents: Stationary base station (SeNB) [1604], SIPGWN 1605] and Router
[1606] . -47 - The tunfdl@m subgyspah i opératV\ieeﬂMernciﬂ’salaﬁﬁg end BRs@psitladioof
functionality (TeNB) is typically addressed by using the ip address of
Mbbi | e st atpgnPlaRmard eprirdlinjanc Rijoadyver wegy Mancebqages agcasyingsp iitiarenaT
applicatio

oFat el oss. AAREYartBRAAE G SRR R RiRS RIS Ruiey
Mobi | e st atih aire darercduchnalbut yot(ltthEf)d toliey Homceaﬁhtﬁ/lﬁdlﬁ]gemmtte\pptwagl MME,

configured to send packets that are addressed othe ip addre bgnet )
that bel on@étervaywaﬁr@Pgtaélppaﬁgveaqdmeewape Hb1bey Lema ¢y vt 1 e

S/ P- GW [ 1609k} wtﬁ??neaﬁb’l;lferstit%@%hctfoﬁ@h%@b@’ﬁgﬂré/ ESvEPa Etgﬁdaﬁj@iﬁk’thék gat eway of
the Stationary base station (SeNB)[ 1604 Server[1607] and the S/ P-GW

[ 1605]. The Stationary base station (SeNB) and the router typically have
rout abl e addr esShetVigtuslotire subsystopetypichN'e comsticoeambii gaaatvetyvtiett\heetnhthe core
Stationary base station (SeNB) w thout involving the gateway S/ P-GWN

A server typiieenary oddhgengaandoanst watoys t%or%em}lage\m% Subsyaisis nd fhgibase

i ndi cates the server as the source address and nobile station M5 as the
desi gnat ed address, to the default gateway [1606]. The router sends payl oad
data [1610] and header [1611] on to the gateway S/ P-GN[1605]. The

S/ P—G\/\[1605] , as part of the GPRS tunnel | ng, takes t he payl oad data [1610]

o o A r~NA A o, " A ~NA N o o



Base station functionality (TeNB)'s |IP address typically belongs to the
addresses that are configured to be routed to the S/P-GW[1605] . The
router sewox012e0j1dyl oad data [ 1614] and header [1615] ®POTIHh®1BHFOBW

[ 1605]. Base station functionality (TeNB) is typically addressed through
Mobil e station functionality (tUE) so as rt of, e.g., the GPRS tunneling
protocol the gateway S/ P-GWtypically addsanot her header H3 [1617]
indicating the source as gateway S/P-GWNand the destination as the serving
base stati ¢Htign fmioméhtsftrgis b%ﬁd @Acthe oxildri hapd( {1be) Vgl sorgt filkbm;ﬁtﬁyn ade

station (Se gi;phal., he d ypI II | oaded
as a payl oalg\ﬁ?ggJ ?%Ee g{ﬂh 'ﬂﬂ: L%%Tlgtgt(?ga'gf g\/\?c)t/alf/)ﬁ%lﬂy ‘%Sg/[éé%/&ﬂ t% yltﬁl y %{%thcds
payl oad [ la¢tornd dieadesing163idhddrd t Be-MMBIH er[70AS08Hh20% Tl et amd S$ et onary
base station (SeNB) belongs to the stationary subnet the router typically

sends the payl- g4 1P618] Oéﬁaoﬂﬁ@%iérm%{nﬂmnwgr@mroli N&Wi sigr dhantsyfpeeay ~ As
part of e. t I ) t SeNB)
Popi cal 1y PLTEE BT DLARG e fad s S0E FunddRuRl ShS TP Man 38R0 R O
[ 1620] to rbbidlecosd aithspeierhumat seadalli aryanftddiEhe P1OOBIE SVl Mek (S hatssagns to

functionalit tU ) ich typically conprises,

as above, ﬁ%‘%‘&?&? 0??20“[3@%%? gh@?%nf‘ﬂ@gg@tsbﬁﬁﬁ%ém ddregg of Bgse g}[)atl on
functionality (TeNB) [1602] and payl oad data D2 [1621], to Base station
functionality ( (ITaled i L T, : ' 622]
and D2 [1621] aﬁﬁugéltlggfﬁg? tc§I§1ep¢‘?lalgfll?s pr %@g%ﬁ%eérfo@g? 1{%%?%& ggtr)gjﬁ[ze 1622]
and sends {hE]payy @@domaélyamlaﬁ{déﬁﬁﬂ@uamhtyomrl @(Cha@mg)mfhﬁlé]tﬁﬁlﬂ)etwkhblthee
station M5 %1601 recei ves a}\él oad, d \1\lm ch s above, [ caIJé | udes
the ori gi n&fahERGRCC g8, 4‘% ﬁ%ﬁtﬁam 6%1&9 date iys[‘%é%s}deé fhi Qéraun inally
sent from tpearehMeleldylicl689d n%QggPlfo@ﬁQ@]msﬂi@ ah\BeOFdsy, aﬁildfo‘?c(% ®1ayyhe

process is simlar but in reverse. 10 is a generally
sel f - expl arvatver Yochicdws R rof tfpfr fé@tmatwgrkaTbib 6’0@@@ So6WnliT22] ahd [y icwed B at i on

et oor ke nad7a el 39et lRaioning| R BRL skARD T MM SMEMES wiE bkl

The processtiBy fhﬂﬂﬁﬂolﬂlﬁlﬁy&BSEU@O Qdcbrdihﬁ ?hlf a tehié3d talead uSé Py theStildyalohey
ordered e. % ustrates anot her exanpl e

o e Fe et uariGel S4BV o703l aehp S MVIBITE) Hay S cmn iR e SR LRioE &y
tati t d
ol ocY pPEGE &k 0 pAACERIT AN M G PURNOBIR 68 LAORR |

control pl despidatmornesswsere k@i n data. In the illustrated exanple, relay
resource manager [1402,1412] is running a router application and I P tunnel

application. The relay resource manager rRM [1402] connects two ot herw se
di sconnect ed netlherikaiting &dBpY subsygemoly 28k Masrdonitiise iomgeorradl af arresigig ce

dongle suchegl 10a b 1ER ARATHI LR Pl Beft A0 E b L amASERER, o

interface, [mﬁj @nirehreyeeh b&B&heshaibnlemmhvmn&lomhﬂy (mMSQ rnmee gelhﬁyg lAasour ce

manager (rRM) comruni cates using.a standard Ethernet |in yﬁ]q

rel ayed ba$@manapdsof 2y pritaklq Igrowa%taIthlgteEf%F fat R@HPBg §‘d@9§§§bs Y [|5é8§l erl
[1417] is cORid@ua.RY Jvf?h %ﬁé‘ﬂas%vﬁﬁt}’orpﬁﬁl‘é% $8sde %% & Base
station functionality rBS, to Router?2 resou nager

1114021' s i[midEr Dalngr hatM&( sntedafei @arlkdltmg zmean()SI i;uusgatémtmaym/nommand a

desi gnat ed address bel ongs to the internal ne
ot o, <0 R GR eGP nd St it TS T g AR LA LAY
coupl es t h%nﬂmp'nlw@/ &rhhRD tHeUEH%Els%@hlﬁlMct{dnh@y B 310349 3hith@ 4 Rgndegtmor k.

The nobile station functionality (rUE) is authenticated and assigned an |IF
addr ess whinegdehpasro g gn tagiaghied mvadblel satmat’isiog th@trwbrlk staNex functiehaity (dddur ce

manager (r [ 140 C Rout e standard l\/bb| |l e
station comlrl &4 rga]gﬁ @@gf% sv%ou dar %flc{pg%({{é V‘GSF’E% [Z%%ﬁ r‘%‘éﬁ freeive ggdio” o
LTE EPC: bas@sstath®nf erved beddBydibhd bd heighhEfidAPALR samdns‘i-a@vn?ayaéﬁl&%lé]
rel ay resource nanager (rRM [1402] sets up a tunnel ;1407 such as a GRE

tunnel . ThéadigApRASUICHICHS raablkystﬁmpéltr@@%alw (tMe) &1dyby thaseokieat i on
by deliveri gg# ohe
Rout er 2 [12%%]08%&&%%% %%ﬁ%%ﬁgé&tgqg@ cagélsﬁlftlgirlzlgp @gk%glt%%% \?gﬁg} eate a
t unnel for headdver egulesisnofRdulieg aed QpSrsebouteae] MBhage e ist&M .spddifis aceeys be
acconplished. e.g. by setting a sticky IP (e.g. constant | P address for each
connect i onPObPABEEHM DT St %ir‘ihtf%ﬁy?fiaéfﬁél ity (rUE) and saving those IF
address in Router2 as tunneling renote address/es. Once the tunnel

[ 1407] has been established, all packet data, travelling from base station
functionality rBS [1401] to the EPC core elenments and from EPC core

eI errents to base statl on functl onallty (rBS) are transparently tunnel ed

o o, 4 NS 2 A A PN~T



The tunneling subsystemis operative for encapsul ati ng and de-capsul ati ng
of user plane and control plane payl oads over user plane bearers according
to di fferwotoprizesisti es and sendi ng the de-capsul at ed u®€m/Iptoamesoarsd

control plane payloads to entities in the core such as but not limted to

any of: nobility managenent entity e.g. , gateways, and application
servers. The tunneling subsystemtypical 'y‘interfaces 11703, 7041 wth the
nobil e station functionality rUE 5741] e.g. over a standard IP stack. - 50
- station functildaal-pady me2qr7idP] o Qméatweh@r bedggingTiva g dqada| betwean

core” (of 't REtaFRTTHOLCBME Whbdhel PRORARSY BoAbOR ISR b R4 L5 1 51
and Si-U [ YMcathtmﬂ?dBQelZﬁ&]some pladpder ebﬁfentsrmalagemmt Hﬂnded:m”lztrfyﬂir a(IM&C)

over |IF interface [701, 707b, 709, 710J] with e base station functionality
rBS [740] &l JHsOBICE oPBDSYTIRE \I714 uaROEtéﬂ’ge ?eﬁbfsﬂ%@m Qay aesy B30l opr any
of the Si- t

Tunnel i ng Su gl'ga g#{l [ﬂ%gfmﬁﬂg%t XE\E&I%@ Sgﬁste}s%ﬁfgjgéu)l %itlﬂg%%n%%g%ner
functi on offuttdtienityt[lal] onbesesuhnmﬁsﬁeml[)ﬁalﬁ} rBay[ 780} Dommwlytw mahagdment

functionality fo han in ormati.on bet the rel ay resource nager
TR Ehat eyt S e Tl D@ RO i et i e RSl
rel ay resomroﬁerﬂ%ag&qué a6 8do b&%hﬁﬁdwltoheagﬁ rﬁl)(@t lecﬁﬁng%‘%&) &8s M S

Server |ocated as part of t'he static network ual S- and
Vi rtual Mverqe?ze]garmylor\fabel@edﬁhe@pdmbaﬁghmlmdmlﬂ @ Gwealnelstm addttemfalaces

w th the base onfun ional ity rBS.[7 r enpte core
is used by%f“he re a‘i’/,aIS 1%ne t@ueﬂlo@ d%%%]zé]]"lmon ?%‘ EM%I% Pﬂ%‘]ﬁ

emul at e t heisR e ﬂlefrhkﬂﬁliﬂyQﬂzﬁlagéma{tQ)ﬁh@SMﬁlﬂE bh@indiherbase station
functionality rBS [740] works snoothly and seam essly despite renoteness of

the core. The Routing & QoS subsystem [728] may conprise sone or all
of a routing agdie QU3zEentl[@d lﬁme@m’e qu:atm@doe@@e Ageriing ®80k.cuRsDt i ng &

QS subsystem.[ 728]. .comuni cat nobi stati functio

(v [ 7o et TR TR et SRabiPngBiiest &' S dPork B MRk ce
[ 705] . Routaumﬁoﬁalcaeﬁesu@es%&hemu[t?ﬁ@ﬂ meOKEmKAl.cat es Wi th the base station
functionality rBS e.g. using the M&C interface [735]. Using the M&C

interface the Routing and QOS subsystem may command a change in various
paramet ers in t HhepRgho Reapiga JubagstdrodZl 4]t ynay BOnjprs]sosechr al @t Nddicand/ or

may conmand t he base stati fungctional i.ty rBS [ 740] a _handover
Teehant sm ofOHedpeaerien Hptrl Grudnd sk Bebhi iz dl i) Befuhd
functi onal idontbnd) 74614 Uihei Rides fragrde’ @sybtam RoLL]I RY 0p&Eti €D Fois UBGYEHEM

[ 728] may receive radio neasurenents of served base stations or neighboring
base stat i oHsrieranes priyearrd) rares pesdrolineayhicaraa S senttand medredkebytha i on
functional i t Yeg€Nd to
its servi nbg%agsté&\@ f+|2§#alllr’?h or dimt])gy@n%e% ve]%e W&lﬁﬁﬁﬁ%‘s ﬁ&a}ﬁéc]{o%‘?/% 'C anl sm
Rout i ng andn@&embiwsmemUE@M}S) rﬁm()]rezglrelhes ab@:sspeks ﬁnd:otaelcmspmdess nanes
(APN) and/ E]éq(cre te addi t i gnal rers. he Load W&M

[729] is op®Katandel) &¢lay P%{wevlﬂgg mer%q%otheaeéa%ebweﬁulmgf hkse e
Load rmnag%so[ﬂc%gclonf@ﬁerpﬁiﬁgpE%ﬁ&gﬁ&nﬁ)r%ﬁﬂoﬁﬁg tﬂfffeﬂaﬁtt relsdﬁ(gtés%grcgé) of the

i ndi cating other relay resource nmanager el enents suc not limted to
any or al | nofbileRédion fReciouakey 1$LH0{SMQ1] aml o bdde, stiRout fumgtuagétyt rBS P740] e@S
agent [730] or apsul atj on manager (block of the Virtu ?mc(ore Su tem
19751 o BB 0G ATy Ry POCTRB AL S TE R A ne B8 o R P R FOal 1y
rBS [740] @hsdmBitibht FuntBHRgRER ouBR ilock MWL Pfmd/€ MRigBetOr® (il NGaddmat | C
network or) that which current site | oaded. Load manager [729] nay al so
command t héurapionility vab@ngrano changintgoceptea igeuangpothenging hawivddih. t o gai n nore
bandw dt h (at the backhauling link), or to request that additi onal

bandwi dt h be as t bjle atio nctionalit for the
batkhaal i nact oo g edd RubS MRPAL S KAl S0RGY P Soptatint oChstRhee .
The QOS ageftio [ hd3urdner®PRp&H | ¥BichHA %@@&éaﬂ@o%ﬁlr@ (}Qrtsa%?%gl Pet Qaddie

current attached nobile stations and their bandw d requests in case there
is a need florctiandddirBSdA40] dndabasc &mentf@n@tmahiyl @S’hopgh@n‘h@rhaswtanons The

manager L 79 CRAAT Il PO iR BRI R S % Tt tand PO e

Controller aha 2fJm (T eobadistuivs SbERMalsiyds s TR [ 7[114] ralli® @BSUAIhE réfit
reduci ng interference between: (1) relay's access |links which nmay be sent

and received by the base station functionality rBS [7401) and relay's
backhaul i ng i nks which may be sent and received by the rUE (rMs) [740];
(2) relay's access links and other relays' access links; and (3) relay
backhaullng I|nks and other reIays backhaullng | i nks. The Radlo resource

r ==~~~ o o o, o r N Y o 4



- 52 - may indicate one or nore of the nobile station functionality's
serving base station's radi o neasurenents; and/or radi o neasurenents of
nobi | e stwoOi2ore/R20§16ti onal ity rUE 11741r s active set, ePGI/ILi32/039D78
nei ghbori ng base stations that nobile station functionality rUE [741] is
operative to nmeasure periodically. The Ra% Resource Subsystem sends the
nmeasurenent report through the interface t the Virtual Core subsystem
[ 742], typically using the encapsul ati on manager, to radi o resource
subsyst ens n¥y iGdisele pat aysore of Me mebiduseEomimeienditys sarvinglbescoiationtsy
report. Th'rgdlg qﬁ’éa(s’ I%HI%Hht Ynd/GP 92{&10 gmexgljs Sfarﬂgblieo Etaﬁ&? tﬁ'i ct? l&lﬁﬂ r%% 0
resource nanagenen ani sns and ecisions re evan To the routing
agent . [74 Mheactiaclb@, &.gSliny rotfaeughlm&ggrbmytaﬁemdhvmbadh Qatiprafunttyorfalipor t S
fromthe radi o resource manager's | ocal Radi o ity and arena reporter
[725] and fPERAEL GHIPSHAtNg to @frea%re p%tafihealkyuéfhﬁqy%aem%swwwﬁgds The
radi o reso f the
vari ous stg%fgﬁgﬁﬂéggh E?Mreﬁgyghgﬁ%qﬁ%¥?%hally of t é§§§§@?8Q§%¥$§ . The
radi o resommnaﬂhama@aheﬁmwpaﬂmmnpmmugﬂetmaﬂhmmmemvmsdnyﬂanﬁDgwmahwmws
recomendations to its | ocal radi rﬁﬁfurce co nd/or to its
c

nelghborlnéd?%FQVEWGHQWW@eWengFB Yol 9P8FY Ph?@ﬁbﬂ£%ﬁ¥éﬂrgkgmpﬂ¥2] and
using the encaRsybAlisRhulRNALRY re%u&@%na}x{agérﬁ&h RAhEnZMESNaLR THE ddBdions

The Radi o resource nmanager [714] can optionally conmunicate in interface

[ 706] e.g. relsyangtoxNhic Couimgragsntor ot her proprietary protocol with the nobile
station functionality rUE [741]. The Radio resource manager can further
optionally co icate in interface [ 734 usi toc with the
ose ot on T arBe BNl TR EBap b itke s it Pl e B agorec o
further Optrés%ﬁ&'ehﬁarﬁ W[Hcglal’iﬁdﬂé\ﬂqhﬁhtztaﬂérarén%'r@lyo%ter U] Qanﬁ%ﬁ'h@%hﬁ&ﬂ?@’ stems
t hrough interface using the virtual core subsystem [ 715

Encapsul at |rdaymﬂ&aég>equa ity and arghpepditergy BelregiotrespufZIBinagRomey n@m&lteg@@

of the. ol dy/ct BLNRATSIATRrT bR P SO, bt ol PR S e

can be addggtitontdierk.el'me FREOUFSBuTRN@AGRIzcl R PYalfeestovide Bdlio resource Fi g.
13 illustrates a relay resource manager (rRM [742] of a relay that is

simlar toCPHagurdedcicroaamepgivas i tth lacak @dintesouree Fngrollen 720t apd/of t9aits t he
| f F that
12, O e bR Sadho YA SERIGE, BRBLCALL AR 743yt atd o

" mandat or y'encdpsalguon @dhager negd'Vians corasiblysteah £7151.0 i npl enent ati on choi ces
made within the context of a particular inplenmentation or application
described herewithin for clarity and are not intended to be |limting since
in an al ternatiJé&ej Rgliadewurenmanipsr d2 @%ﬁﬁmrgllm@mmmcad@flm neigrfage not
mandat ory 0, I r It
e appr coi A0 Pl TR Ol o BrBRefLy FHARES M BEIEAR' sution i ng
prograns amchdi@haitgayJEi f[74dl<35|T1&11I Relmo i mpblﬁnentrﬁdagen oM furtead opiibyaliyenor y)
formincl udi ng CD- ROVs,. EPROMs _and may be stored jn any. other
suitabl e tyameeﬂnwtené% _ipjesaes (374 ecgnﬁmrbgr M%Qdamt%cqlrewhrﬁheu%e a¥2R not
limted tog i Ki-pds, d Kk %%@
Conmponent s %g§§§?ggdy %rg?ﬁ)aéﬂgb#F§%$e§ﬁ§§?y ?%géﬁétF%gﬁ§3ﬂgé |in%#%nted
whol Iy or pamlrmmlqate Weth diveer eclays’ rals iresediceussbsygteonniienigh omaifadeelGHR] gues.
Conversely, onents descri bed ﬂﬁ{ n as hardware may, alternatively, be
il erent S GRAR Y G156 ST S O P S ORBURG, si ng. convent | onal

t echni ques. I ncluded in the scope of the present invention, inter
alia, are electr ti ar t r ons
for perform ng gﬁgﬁggﬁéﬁﬁbﬁkQﬂﬂé§gﬁeggxggganyq%% ?Eg%@ qﬂgzggs %a#&g#
descri bed hesairng Subsysmm [SWgx a?rbIopuonaﬂembsystamb|oﬁdwrremglabﬂoerqensamgcnnMﬂs for
perform ng or all of the s t he ne hods shown and

oscri bea ral s iy ety 1hsiF oy Bus aes P piksr B RORge B MEaEes R o
by machi ney, %@&glbly enbodyi ng a progran1of i nstructions executable by the
machine to perforn1any or all of the steps of any of the nethods shown and
described herein, in any suitable order; a conputer program product
conprising a conputer useable nediun1having conput er readabl e program code,
such as execut abl e code, having enbodi ed therein, and/or including conputer
readabl e program code for performng, any or all of the steps of any of the
met hods shown and descri bed herein, in any suitable order; any technical

ef fects brought about by any or all of the steps of any of the nethods
shown and descri bed herein, when perforned in any suitable order; any
sui t abl e apparatus or device or conbination of such, programred to perform
al one or in conbination, any or all of the steps of any of the nethods



- 54 - and/or output device and operative to performin software any steps
shown and descri bed herein; information storage devices or physical
records, wWoch12zRodssks or hard drives, causing a conput @Tar2002/b®p78devi ce
to be configured so as to carry out any or all of the steps of any of the
met hods shown and descri bed herein, in any. ,suitable order; a program
pre-stored e.g. in nenory or on an infornmation network such as the
Internet, before or after being downl oaded, which enbodies any or all of
the steps of anflg)fmtlH’éStW&Sdegwwedﬁ@aﬁ@fs@ﬁmém%éﬁéifﬁlﬁyfdﬁitahﬁ}mslalitabl e
order, and 0 I [ r oaxli , 4an e

i ncl udi ng st%?@aetp?etssag% / %t)r&gl\lggﬁtr%re?ng? qg\éﬁlk'g?guec%p% ;ﬁ% H%r%\lér gy\%}ﬁ'g?r?

per forms amycladesalrbutef seiviee sppgiestiaf 748y sueh at bt itkistiads isRigwnl .and descri bed
herein, in any suitable order, either alone or in conjunction with

sof tware. Any coiRUippfeciéaddlt Rr@inolB§ iuaR uk eadaddierynBdbquiflas Cricb@daer ei n
is intended to include non-transitory conputer- or machi ne-readabl e nmedi a.
Any conput amushnsreder &t haplepsngasionf chomees yaiade deigun i the dediéaxéi of praparpeular

per f or med I.t.abl ; r " | he [h may
be. comput er P RpTLhURR SE BRRBHbR UaTA TR CRY GRERAIRE hAPHIEEELS

i ncl ude (a)peusnirigg dincO i eltdragtl ermiphmthtion, ihdaaink feyendensOmitht ®8 defin@hys of
the problens or for any of the objectives described herein, the solution
optional |y nph@ﬁ%r*éoratanﬁéa%r@qw grmighpevende shmingieddtqesier-a product, a
service or any er 4.0k i clLl redm.t i IRastSy id
positive manner ?“z} %plﬁéﬁ%%&?ﬁdtggftgjgﬁ %/(%as gis}%r(?lbtged IJ?h%tregél n, anoéT tdgghdﬁlg

out put ti ng préparephod data.may, if desifed woaopénodntéechim POBE 6pdd dmly emémary) f@mnot

limted to.structu i ons .specifjcall escrihed herein a is
oo §nt ondeatdigt kA0S RO R RSO Sty BE ST gy iy Qe
structure, t%icd?ﬁz_fJdﬂtmr@it@‘)ﬂﬂl%ﬂﬁﬁ%-rgﬁ%fé Brdidhes&ihhs KRMaD: fik@td &Y &RKS Hough

users of the device may not use the capacity, they are if they so desire
abl e t o nodifiqust hiedsiesardseof vamdtsakinds hed RAMest Urempenentsndescabed herein as

Features of the present inventjon ich ar scribed.in the coptext .of
ceparate enBbRraRie My lras: bE pBrehd S TaRaY it Rt 3 G
enbodi ment using convér@fon@X@OM]iGues ACEN R &Iy, IBRGDh BRI Wedcgibbdhenrdeds hardiwag) ude a
correspondi ng process enbodi ment. Al so, each system enbodi ment is intended
to i ncl ude mayseltoeativdit Be doplapmeaigd gholly jasnparderin eyollyars i igwlesirgst usigew
from any otcgl%;enﬂgﬁlaq t@c%\n{%ﬂgs system of the entire functionality of the
system , conputer-readabl e nedium apparatus, including only those
functionaliti es Iipgudedr ietie atopcnal trepreaint Giivedtionitedralinoae. electrobgnetic
Conversely, features of the invention, including nethod steIDs whi ch are
descri bed FiEnalcayying comppiseTeadAble RstgetianssoRRFEo b AL orthe fleBs tler t ai n
order may by RNk IRANSEP AL LKA QosdiibelMers! WARKE SHRGOTRIGAL LRORAL- 1 N 3
different order. "e.g." 1Is useg ereln 1n the sense of a specific exanple
whi ch i s notadablcendedtion e pérfortingigny @eall adabe sappelr atyus thr msihstie siowghown
coupled in any, of .t drawings may .in fact be integrated into a single
bt or m 1 ARG RS B hrs Bl R Ba o JtrEh TRLS s R SR AR w r ed
or wirel essnfaiel taﬂ%kb%%ﬂﬁb@&yi@glh P28drami ¥ th@BudiOnOBkdcaaibld b afe mEH&! Ret
Wrel ess LAN, HomePNA,~ power” |ine comuni cation, cell phone, PDA,

Bl ackber r y paPRS) agapiedl] oftthe stapt eldinyf Granetbpdothiesm andisichasibdd hpsgar, yn anyt i s
appr eci at ed ttli)gt i(p the des riI%ti on an r awi I’II_%S shown atnd de?%%ri hed
herein, fufttiondl Tt ésCUEECYilned 0 PitPusT VAt 8458 SVt &hs>And Bun-thi t s

t her eof camadihg@obpupiavadiet poerei kods saokl asterpaitdtie cewd, tHaving @mbdied
functionalities described or 1llustrated as nethods and steps therew thin
can al so béhgseigyingiéer ingludipg cemputsh dcagable prearamicrde &yfrerfprainge ameodbel t o
illustrate ' i raw | el g d
appropri at é%?%%& C ef?lb't% 3%5% agfrhggge%ﬁg& %l\r,(:il %éﬂ%e@ Hr%ge{ll?’i lﬁtagggg%bﬁ)g%igﬂl '{Irﬁ{ti ng.
- 56 - CLAltddbnical effects brought about by any or all of the steps of any of the methods shown

and described herein, when performed in any suitable order; any suitable apparatus or
device or combination of such, programmed to perform, alone or in combination, any
or all of the steps of any of the methods shown and described herein, in any suitable

order; electronic devices each including a processor and a cooperating input device



1. In an I F based cellular comrunication systemconprising a plurality of
stationary relays, a system conprising:: an | P connectivity gateway
coupl ed twoaorenexIsk router and to a nobility managenmenPCEALINYP50078 and a
router for routing, fromthe gateway, packets whose I|F address is any one
of the plurality of stationary relays to %Zl id stationary rel ays; and
routing to said gateway, at |east one packet designated to an |IP address of
at least one of: a noving relay and a nobile station. 2. The nethod

accor di ng tad/er aiufut, dankrer aich opaliative po crateset if\nSt)@iW@f&t @wwte@wbpwge@da

P/'S- Gat em)ﬁe?%%'é@hér%ﬁl oﬁné‘tl[)'r;l s?&rgg%‘@é\g@eyo?%%l? \Tgééﬁr S SucLha% cﬂ&tsh)?%ard

according t erern sai conne ga éway conpri ses sone
of : Connectdrivid, xcalﬁeﬂg/a cmpi&éwdthc(r%hd)ce node benfagiﬁedémm caat \vut enyNat abr k
(APN), operative in Max conmuni cation network 4. The s%/st em accor di ng

to daimil Oéﬁhf Sé‘?PsSd)f@BYrﬁF ﬂge. rﬁ@thaqlﬁ Wn@@ﬁﬂeww@e hersing i ARy sitapleaytierzja | p
addr esses é'sttoyea&% ﬁay : $n ﬂfbl)rfl;]dtfmgfé SS%I}T% I}{évmér (relays

andtheIPa ess of a at eac e relay is
anchor ed td»e(qm m) afitd¥ t&:dd;rcﬁs&dsact&ﬂ wbich leenbstlas | laop oI ahaf theest¢ R dday e$ shoof a

i nked rel a t each indjvi nobile statio nchored to. 5. The
Syat om acc STHHG. VBV 4h JESSAEWASE S rin( 913 CHELG HatT (ot e ey
comuni cat g$1oabinB sadsly YA rsué}ptaﬁ‘l'dnzi RYsté hEluaRdr @everRf ard/dr Olle@ds rr6l ay  of
a target nobile station; )t e conhectivity gateway transmts through

sai d rout emsiag'saemnend bertdwarf:gwlpl&h petfornisaanyry alld tlnqutamsdfrfem opthesmetiodls nked

rel ay; (VII 'fn%nc'lgiesc gk&ag rel a has Ui | F addr of an

ere, 1 Wble (C)lrder raldne & %’n conjuncltlon v¥1
stati onary re ays, Sal router I’OU es sal resu In etting a

tunnel froRvsai€. g BWRYmMpoXes Adadatsit adri ﬁlﬁ@lﬁlﬁe—ﬁr@k@b’le media descnbed herein is
intended to include non-transitory computer- or machine-readable media.

Any computations or other forms of analysis described herein may be performed
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
positive manner, a problem or objectives described herein; and (b)  outputting the
solution.

The scope of the present invention is not limited to structures and functions
specifically described herein and is also intended to include devices which have the
capacity to yield a structure, or perform a function, described herein, such that even
though users of the device may not use the capacity, they are if they so desire able to
modify the device to obtain the structure or function.

Features of the present invention which are described in the context of separate
embodiments may also be provided in combination in a single embodiment.

For example, a system embodiment is intended to include a corresponding
process embodiment. Also, each system embodiment is intended to include a server-
centered “view” or client centered “view”, or “view” from any other node of the
system, of the entire functionality of the system , computer-readable medium, apparatus,

including only those functionalities performed at that server or client or node.



- 57 - (viii)otherwi se said linked relay does not match a stationary rel ay
and in response said router is operative for routing said packet to said
gat eway awo20epesiedly performing (i) - (iii) at |east @0E/ILI0IB0500T8
obtaining in each cycle another linked relay of a |inked relay obtained in
the previous cycle; said |linked relays congtituting a succession of |inked
rel ays, wherein a first tunnel segm is set fromsaid gateway to
said matched stationary relay, the gateway setting a set of tunnels

i ncl udi ng (c) s&averselyt feafmige| ofs dymenentighdinchding supdleess sfeph ohichudrrel s

each comme ﬁ% S | ay
of said sugggggféﬁﬁg#gﬁh%ﬁ @ggﬁﬁ;a%ﬁqSﬁ@ﬂiﬁgb gmg%s en%%%§6¥&§%%%'o claim
1 wherein rpmk&tcisse@aﬁtebpUﬂﬁea’hybaﬁﬂable()submwbﬂﬁamaemta diffe)(erg@tr@ﬁla}e ayid he
router. 7. The system according to claim1 wherein packets are

bounced badked BerFWemg@Fe%gﬁ plea gpeqpliseple ny irhas not mﬁmdﬁ% tp pedgnibBat i vity
gatevay by pfdye, faramg d,J Es&%n&%wn\/éotu}sleaghea yofrtﬁeﬂmlﬁgl : 6%?7 2?1&' t' on

| P address as |ts yna lerarc
syst em i npligp@matedngtoralstngic platienms ap sattani amhodithents yws tneap borpupled ng: any

appropriate wired or wireless coupling such as but not limited to optical fiber, Ethernet,
Wireless LAN, HomePNA, power line communication, cell phone, PDA, Blackberry
GPRS, Satellite including GPS, or other mobile delivery. It is appreciated that in the
description and drawings shown and described herein, functionalities described or
illustrated as systems and sub-units thereof can also be provided as methods and steps
therewithin, and functionalities described or illustrated as methods and steps
therewithin can also be provided as systems and sub-units thereof. The scale used to
illustrate various elements in the drawings is merely exemplary and/or appropriate for

clarity of presentation and is not intended to be limiting.



a core including an nobility managenent entity and an I P connectivity
gateway interfacing therewth, at | east one static base station
coupl ed twotbhe/1od151 ity managenent entity and the | P comra@dtLion/o500Tgat eway
in the core, at | east one individual noving relay coupled to at | east
one individual static base station and in dlng a nobile station
functionality and a base station function and - 58 - wher ei n
the core conprises an encapsul ati ng router, mhose routi ng operations
encapsul ate nessages to and fromsaid at |east one nobile station, wherein
the encapsyat router is coupled to the IF connectivity gateway, to the
nobi | ity managenent entity and to the individual static base station via
whi ch the individual nmoving relay connects to the core. 9. The system
according to Claim8 wherein the router is operative to route |Ppackets
arriving froma sobr c8 @xdPdingl clylarrameyication 6Ys REOBPE B BRI Ay t o

Cl aim 8 wherein {@gn&gg&§¥ h%y&&ﬁc@&,ﬁﬁ, o route | Ppackets arriving from at
| east one statlcabase station’ under core. 11. The systemaccording to

Cl ai m 8 wher ei n t henrBubenedtisity pateataly weupled rto ut ety dkp@oiee tagd ao rai mbmgjtyf r om
an | P connectivit ateway.within said core. 12. The system according to
Claim 8 wherein™ T eRlYr ess of a destination in a header of a packet

i ndi cates one of aaﬂainmdueer%aﬁdu%% deshithabieRafflcRets %aye gesidQatd oy the

router routes said packet to F connectivity gateway whereas if an
address of a de@@ﬁn&tﬁ@@hudﬂa(ﬁewdémﬁbﬂfbypatkedS@h@ﬁ@ﬁﬁé@mawsimmhngbase

station, the rout outes  th ack 0. the .st at n 3. The
systemaccordlnglﬁcga “mphgéea &r'e E&¥%%a?d§%%1§§?fﬁ ?ﬁ?kagfgggés of at

| east one nDblIemﬁﬁggkmﬂuﬁ@@qhm@maﬁmﬁm,and base station functionality have
a comon portion which is recognized by said router. 14. The system

according to Claim13 wherein at |east one pair of |IP addresses of at | east

one mobile station f‘incfﬂeoﬂl%lﬂohyac%ﬂfhlﬁ %o C@la n?cﬁt\gﬂer%%al it b&ﬂlectm

functionality have a Common portion u sai air ich recabnlzed
by sai d router. gateway comprises a P/S-Gateway operatlve ina LTE commumcatlon network

3. The method according to Claim 1, wherein said IP connectivity
gateway comprises some of: Connectivity Service Network (CSN) module and

Access Service Network (APN), operative in a WiMax communication network.

4. The system according to Claim 1 and also comprising an MME configured to
store at least (i) IP addresses of plurality stationary relays (ii) IP addresses of mobile
relays and the IP address of a linked relay that each individual mobile relay is anchored
to (iii) IP addresses of mobile stations and the IP address of a linked relay that each

individual mobile station is anchored to.

5. The system according to Claim 4 and wherein
(v)the connectivity gateway communicates with said MME for obtaining
an IP address of a linked relay of a target mobile station;
(vi)the connectivity gateway transmits through said router a “tunnel setting
packet” having the IP address of said linked relay;
(vii) if said linked relay has an IP address of any of said stationary
relays, said router routes said packet, resulting in setting a tunnel from said

gateway to said stationary relay;



15. The system according to Caim13 wherein if the router identifies at

| east a portion of a packet's | P-address which represents both nobile
station fwoaebiaonesisty and base station functionality, tRETORZAZOSNT sent to
the I P connectivity gateway. - 59 - 16. The system according to Caim13
wherein the core is configured to assign IR addresses such that at |east
one pair of |IP addresses of at |east one nobile station functionality and
at | east one base station functionality have a common portion. 17. The
syst em accor di ng t @i ajshawissHeidlitkedHelay dpes nof reaielf p §arierpraglanpnd/in 18,
The system according to i ej.n . €O LS I i
application. 19. The srf Ogl%@asélgio\rb@lﬁ%gist gﬁ%&é\fem&g Wﬁgﬁ@%&%hﬂ%ﬁ%{)\é{) f‘sgﬁﬁ
station functionalitiesgaermedndyepchedigopeionaue (if -adidr sskes otct ima feommon
portion which is recogni zed by . said router. 20. The system according to
Cl ai m 8 wherein the cor@t8ingoHt jegeh eycleonibsrghnkedetite0f pAiRksdr Ed¥es to

at |east one base Statimaﬁlé’c?%itﬂg b di%udl c&@%f%@%ﬁke@nﬁ:l b Jr&riitiR iao?

functionality but to assign first and seco erent ports to sald a

| east one base station fuoessioomélinksd mhags.at | east one nobile station
functionality respecti ve@/.. 2]1. The system accor di ngﬁ_t 0. Cl aim 20 which
operates within a | F-veVSY'6ft 4 efﬁw%f)ne‘éﬁ%%%ﬂ? seb JTOTR17aids SUPWRY 4R (31 ng

to Caim8 wherei nmatcht®adhofaRLrePA thObatb s PAUIRSS S oPlunfcld aREud AL | ON

functionality and nobile stati'on functionality respectively includes a
first portion, commorcl widbbishtunpelsdemenisawl i n the pair, common to sai d base
station functionalit dancg &%?sii(l)e stat iei)snefcﬁn&)trﬁrggr%lii t¥rozranngai8 sa?coandand
portion, which diffe s) HEIWSERT Re TP Edd EsSEL T I the pai'r and ¥ é/presents
uni queness of each of saidhdase wipkiian linactélopalfi tyidandceniinl 6f fhidd on
functionality respectively. 23. The system according to C aim 22 which
operates within a | F-veied¥sn 6 (1Pv6) protocol .

6. The system according to claim 1 wherein packets are bounced back to

the IP connectivity gateway by the router.

7. The system according to claim 1 wherein packets are bounced back to
the gateway (e.g. P/S-GW) internally in the IP connectivity gateway by virtue of the IP

connectivity gateway recognizing a destination IP address as its own address.

8. A dynamic hierarchical cellular system implementing multi-hop encapsulation,
the system comprising:

a core including an mobility management entity and an IP connectivity gateway
interfacing therewith,

at least one static base station coupled to the mobility management entity and the
IP connectivity gateway in the core,

at least one individual moving relay coupled to at least one individual static
base station and including a mobile station functionality and a base station functionality;
and

at least one mobile station coupled to at least one of the static base station and

the moving relay;



- 60 - 24. The systemaccording to Claim8 and al so conprising an
additional router in the relay which upon receipt of a nessage froma

co- | ocat edokape12831at i on functionality, sends to the addiPCIranzii2/050078
encapsul ating router in the core said nessage with a header indicating that
t he message was sent by said additional rqyter. 25. The system according
to Caim24 wherein said additional router®onprises a separate |ogical
router application residing also on the encapsulating router. 26. The
syst em accor di ngvhesriiOithe ¢aro LonREpesi AN whespsslalioe rEseaglof (HtiaL ReaErns s
received by, 58 faBNEARSULAY) NGar AYEE g Sl fhaSNEAPIHIALT Nu5RULBL[CTRY €S
sai d header revea € nessage as receive rom the base’station

functi onal iehyapsolatiog abedr vis tdoupled addhd iTDnadnnectistisr gateXdy, Thehs yimbkibity
according to Claim8 wherein said router is operatjve to route .information

to at | eastNPALBHY ENEWarane o thghidivdduali stytic Pisg siptioneggs whisiethgopdlivicluat at i on
functi onal inji(x}i?‘? %ﬁﬁy c-Bﬂﬁecl‘f&’t%ttE‘%Tb&Epordi ng to Caim8 wherein the router
a ta

cooperates wt ogi ca e In the nobility managenent entity which
i ndi cates which base station serves each nobile station. 29. The system

accordin 0o Caim8 wherein.as each individual relay enters a net k
Served by Phe cote SRR fBRAT T e Synere e s R In e FOHAMTT y i s

assi gned a@aélétsaggg,gl Froth SHurt-O8x ik QHE ®lthd SorPr €-configured to identify as an
| P address of the individual relay's base station functionality. 30. The

system according to Caim29 wherein the router is pre-configured to

identify an,indiyidual relay.s base.station.functionalit sing a
or edet er m 104 pddt 1 SneBr b i B CER' Fap RERRGES ohtEs B e o i ng

to O ai m 8 pahieiedrfivinRgrd® heleiMvhO Gadc BAE Slalich WAL s@iddowherein al | nobile
station functionalities in relays served by said core forma subnet of the
core network. - 61 - 32. The system according to Caim31 wherein all

base statiqp f Ugﬁﬁei s&g@ﬂn‘ 5&81%1%%{ Eﬁa%ss SHMES Y rtiRlrGs SPERLRE Fo FORO PEMDEr S

of said subnet t core ne
packets arriving from an IP connectivity gateway within said core.

12. The system according to Claim 8 wherein if an IP address of a destination in a
header of a packet indicates one of a mobile station destination and a relay destination,
the router routes said packet to the IP connectivity gateway whereas if an IP address of
a destination in a header of a packet indicates a static base station, the router routes the

packet to the static base station.

13. The system according to Claim 8 wherein at least one pair of IP addresses of at
least one mobile station functionality and base station functionality have a common

portion which is recognized by said router.

14. The system according to Claim 13 wherein at least one pair of IP addresses of at
least one mobile station functionality and its co-located base station functionality have a

common portion unique to said pair which is recognized by said router.

15. The system according to Claim 13 wherein if the router identifies at least a
portion of a packet’s IP-address which represents both mobile station functionality and

base station functionality, the packet is sent to the IP connectivity gateway.



33. The system according to Caim8 wherein the core having a core network
and wherein all base station functionalities in relays served by said core
form a swe0ev12of2031he core network. 34. The syst em accolPdiragRoo@zE m 33
wherein all base station functionalities in relays served by said core form
a first subnet of the core network and all_Jmbile station functionalities
in relays served by said core forma secoé& subnet of the core network
which differs fromsaid first subnet. 35. The system according to C aim 24
wherei n at lbeastIhgrestamvdcagrding @yCha@ 13 Wedreip theseiric sopsageto apsesmatli ve,
when Lhe TRMLIACL LAY o8l Sef DRLUAIKGE B VEGoRE, Ly SOLE ook SnldIRL [HESy L he
addi tional Fouter To Store an assdeiali on between e novin ay s"base
station fummkmcﬁﬂhyhdeMMaﬁbﬁehm%kmgoﬁﬁhﬁMoﬁdﬁ@hh@&@&ﬁﬂnﬂmbbmﬁmstat|On
functionality. 36. The systemaccording to Caim27 wherein in at |east
one message destined for an individual base station functionality, the

I ndi vi dual 1'93591%%%&9& al Sltn Q@@ﬁdulﬁlléswﬂl& eéo?e?srt%%ﬁéﬁ‘ﬂeé i i ” an

i ndi vi dual nobile s atlon tlona ity's so as to allow sai
nmessage to be routed by sald router to the |nd|V|duaI base station
functionali a the individual bi | t|on functi.onali.t 37. The
system acc& di néjhﬁosyﬂegl RETRREr &) ﬁ? 36 qf%las‘the ?fgeslﬁa‘ioinggﬁrﬁge Vidtdt i on

conpri ses @gg@mhbgn one stationary base station. 38. The system according
to Claim8 erein said router at |east one of: a physical hardware entity;
and a router serV|ce appllcatlon re5|d|ng on a conputer housing t he

gat enay. 39. T e Sy cqgf ¢ aip;m 9 rein ai.d source
S cor 1n aim wherem all mobi ? ta 1on_functionahties .
COI’TDI’I Ses at9 | eahF n eo0 server, a volce Ca (S server, a gam ng

server, ot Refve€®llthé abrenmtv@qpl@ddﬁﬂggtsmﬂextc@madn pativRMhich is recod@zed The
systen1accord|ng to Caimb5, wherein a nessage i s down-streaned through
sai d gat ewa$idegguieli d target nobile device utilizing each tunnel in the set
of tunnels including (c) said first tunnel segment

20. The system according to Claim 8 wherein the core is configured to assign
identical IP addresses to at least one base station functionality and at least one mobile
station functionality but to assign first and second different ports to said at least one

base station functionality and at least one mobile station functionality respectively.

21. The system according to Claim 20 which operates within a IP-version 4 (IPv4)

protocol.

22. The system according to Claim 8 wherein at least one pair of IP addresses of a
base station functionality and mobile station functionality respectively includes a first
portion, common to both IP addresses in the pair, common to said base station
functionality and mobile station functionality and a second portion, which differs
between the IP addresses in the pair and represents uniqueness of each of said base

station functionality and mobile station functionality respectively.

23. The system according to Claim 22 which operates within a IP-version 6 (IPv6)

protocol.



(d) the succession of tunnels each conmmencing fromsaid gateway and endi ng
at a respective linked relay of said succession of |inked relays. 41.
The syst ewpacroriiing to Caim5, wherein a nessage i s upcCstrmamewofs om sai d
target nobile device through said gateway, utilizing each tunnel in the set
of tunnels including (c) said first tunnel_segnent (d) the succession of
tunnel s each commencing from said gatemayfghd ending at a respective |inked
relay of said succession of |inked relays. 42. The system according to
Claimi1, whérei thgamemracwﬂméé@ iGlaltTyS gad domgorepinpng aeaddaenal sruter@sOd and

SGSN, oper %15}‘/ Stidh ng%g SR 6 {;s%Q%e”frBM‘Pa( Ko-1 c%te;ﬁhl?as@é?atn H‘f@?&%ﬁ%@g to

Cl aim 8 whereln sai eway PNt acl ng t er

conpri ses @aglsab:tha aHdﬁahﬁvmmapsnldﬁ]ig roTefSat @wayore RaldTingssagd| witksal Raways in
LTE, an Access-Gateway, in LTE;, a GGSN, in 3G an SGSN, in 3G a

ASN- Gat eway"! 1?%“‘%17\%)@6 mEdage wansenf by wWidadditiane! Y¢ersy st em according to
Claim8 wherein the core is static. - 63 - 45. The system according to
Claim 8 wherein the router is operative to route |Ppackets arriving from an
mobility rr@ﬁager”fémtsyetami dopomiinthionChamd24 wherein s:tﬁd addh@osalgbeter acmpriskisng t o
Claim8 wherein ase station functiopalities |P addresses have a

common por tFRHH? (?gé‘Ff‘ FQIGTPBYIA RISy 8 4 8°P613ﬁeé}capsulﬁmgf?f§ 'system

according to Claim28 wherein the router receives information from said
table, and is operative to insert new information to said table according
to a desiré@é.r eﬂ&ly sm@@mmckorﬂmgdp@yi_m 24 wherein when said message with a header is

received by said encapsulating router, said encapsulating router removes said header to
reveal the message as received from the base station functionality co-located with the

additional router.

27. The system according to Claim 8 wherein said router is operative to route
information to at least one base station functionality, via at least one mobile station

functionality.

28. The system according to Claim 8 wherein the router cooperates with a logical
table in the mobility management entity which indicates which base station serves each

mobile station.

29. The system according to Claim 8 wherein as each individual relay enters a
network served by the core, the individual relay’s mobile station functionality is
assigned an IP address which the router is pre-configured to identify as an IP address of

the individual relay’s base station functionality.

30. The system according to Claim 29 wherein the router is pre-configured to
identify an individual relay’s base station functionality using a predetermined portion of

at least one IP address.

31. The system according to Claim 8 wherein the core having a core network and
wherein all mobile station functionalities in relays served by said core form a subnet of

the core network.



48. The system according to Caim 24 wherein said additional router at

| east one of: a physical hardware entity; and a router service application.
49. The syeterwraeidrding to C aim 24 wherein said encap®airat2mzo3joom er at

| east one of: a physical hardware entity; and a router service application.
50. The system according to Claim1l and rein at |east one of said
plurality of stationary relays resides in'da static base station. 51. The
system according to Claim8 wherein said nobility managenent entity
conprises one of: an LTE MME, a 3G RNC, and a WMAX ASN. 52. A nethod

correspondisng t qpanyaf, 5&‘8raaﬁ’ré¥c§ YRT Il Rlif By ‘BEFE “stdtichOftR E&rahﬁé off am

pr oduct, corrprl si ng a non-t ory conputer usa i um avn ng

conput er r eddgddeevedrtygaainnocoae atshnehiads bih@licﬁi;ubnets(ﬁlthle catputwelik.r eadabl e
program code adapted to be executed to inplenment any nethod shown and
descri bed herein or any nethod of operation of a system shown and descri bed

herein. 33. The system according to Claim 8 wherein the core having a core network and

wherein all base station functionalities in relays served by said core form a subnet of the

core network.

34. The system according to Claim 33 wherein all base station functionalities in
relays served by said core form a first subnet of the core network and all mobile station
functionalities in relays served by said core form a second subnet of the core network

which differs from said first subnet.

35. The system according to Claim 24 wherein at least one moving relay has a relay
resource manager operative, when the moving relay joins a network served by the core,
to instruct the additional router to store an association between the moving relay’s base

station functionality and the moving relay’s co-located mobile station functionality.

36. The system according to Claim 27 wherein in at least one message destined for
an individual base station functionality, the individual base station functionality’s
header is encapsulated within an individual mobile station functionality’s header, so as
to allow said message to be routed by said router to the individual base station

functionality, via the individual mobile station functionality.

37. The system according to Claim 8 wherein said at least one static base station

comprises more than one stationary base station.

38. The system according to Claim 8 wherein said router at least one of: a physical
hardware entity; and a router service application residing on a computer housing the

gateway.
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39. The system according to Claim 9 wherein said source comprises at least one of:
a video server, a voice calls server, a gaming server, other cellular network; and an

external network.

40. The system according to Claim 5, wherein a message is down-
streamed through said gateway to said target mobile device utilizing each tunnel
in the set of tunnels including

(c) said first tunnel segment

(d) the succession of tunnels each commencing from said gateway and

ending at a respective linked relay of said succession of linked

relays.

41. The system according to Claim 5, wherein a message is up-streamed
from said target mobile device through said gateway, utilizing each tunnel in the
set of tunnels including

(c) said first tunnel segment

(d) the succession of tunnels each commencing from said gateway and

ending at a respective linked relay of said succession of linked

relays.

42. The system according to Claim 1, wherein said IP connectivity gateway comprises

some of: GGSN and SGSN, operative in a 3G communication network.

43. The system according to Claim 8 wherein said IP connectivity gateway
interfacing therewith comprises one of: a P-Gateway in L'TE, S-Gateway in L'TE; a P/S-
Gateway, in LLTE; an Access-Gateway, in LTE; a GGSN, in 3G; an SGSN, in 3G; a
ASN-Gateway, in WiMAX; and a CSN, in WiMAX.

44. The system according to Claim 8 wherein the core is static.
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45. The system according to Claim 8 wherein the router is operative to route IP-

packets arriving from an mobility management entity within said core.

46.  The system according to Claim 8 wherein all base station functionalities® IP

addresses have a common portion which is recognized by said router.

47. The system according to Claim 28 wherein the router receives information from
said table, and is operative to insert new information to said table according to a desired

relay network topology.

48. The system according to Claim 24 wherein said additional router at least one of:

a physical hardware entity; and a router service application.

49. The system according to Claim 24 wherein said encapsulating router at least one

of: a physical hardware entity; and a router service application.

50. The system according to Claim 1 and wherein at least one of said

plurality of stationary relays resides in a static base station.

51. The system according to Claim 8 wherein said mobility management entity

comprises one of: an L.TE MME, a 3G RNC, and a WiMAX ASN.

52. A method corresponding to any of the above system claims.

53. A computer program product, comprising a non-transitory computer usable
medium having a computer readable program code embodied therein, said computer
readable program code adapted to be executed to implement any method shown and

described herein or any method of operation of a system shown and described herein.



