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

15  particularly to mobile communication systems.

BACKGROUND OF THE INVENTION
Many cellular communication networks are known, e.g. hierarchical mobile
systems as described in United States Patent Nos. 5,657,317 to Mahany et al and
20 5,729,826 to Gavrilovich. ,
LTE, 2G, 3G, WiFi and WiMax are known standards for mobile communication
networks.
The disclosures of all publications and patent documents mentioned in the
specification, and of the publications and patent documents cited therein directly or

25  indirectly, are hereby incorporated by reference.

SUMMARY OF THE INVENTION
The embodiments shown and described herein are particularly useful in
30 conjunction with vehicle fleets in which vehicles, such as busses, trains or taxis, are
equipped with mobile base-stations which may function as relays, and/or mobile

telephones or other cellular communication devices.



For exanple, in rural areas where sole reliance on fixed cellular
base-station coverage |limts the capacity of nobile stations at |ong
ranges, mubi2be/Jese stations that are2installed on trangpoentzbi/esonmbil e
platforns e.g. busses, trains, taxis can enable high data-rate applications
such as web-browsi ng, video-stream ng, and can also be 5 used as relays
bet ween ot her nobile base stations and fixed base stations. In addition,
mobi | e base stBbr examphs inlewal albedwheneeiole wiiandeeor fisddaddllathr dasdgatiah
airplanes to enable passengers. to .conmuni cate with a fixed cel] ul ar
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A ynpi cs or another nass-attended sports event is planned. 15Certain

enbodi nenpassgfgerstie cpmasiaivate; witlem fikeshcallalag infeasppetuiedising tbeie pyngaldulaet hods
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a suit abl gesyretl @Bersd! & leas oA nodilel dazes sthgums, to ah¢ davatlon obitlut svbetnfer iy a | oad
dependent schene. Certain_enbodi nents of the present, invention seek to
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serving relfay/cell.” I'nitiati ng handovers nmay be based on a suitable schene
such as acityaindwehich aheasjvely attanded pojnilar modie wencedroraallp &dbaiep beldeaid schene.

The term"relay" is used herein to refer to a nobile node in cellular 25
communi caPh SHHHEEIROIGS BeRAEHEC Sl MBISS o SHother shrssaeRisdsperts

comuni cat Qi {syidnk@nal ities and is operative to serve nobile
communi cators, such as cellular tel ephones, or other relays, and to be
servetb by baseCettzinicor®donents € the pteagrs . inTantion sketly fo pravhde syfstemscandruni cat es

IR W S TR R R R
ik ORI A ap, TRy L s, s 1 19
whi ch i n sdiemesoemas ieades sehicameanramdaebinischenag, oF adead dspendsal sshemd| e ’
(static) base élélatlagiinoerr]nbog}/r&i:n(fsa lok Yhe present invention seek to provide systems and
20 methods for increasing network reliability e.g. employing a diversity technique, by
initiating handovers between a possible serving relay/cell. Initiating handovers may be
based on a suitable scheme such as a random scheme, a round-robin scheme, or a load
dependent scheme.
The term “relay” is used herein to refer to a mobile node in a cellular
25 communication network whose node has both base station and mobile communicator
functionalities and is operative to serve mobile communicators, such as cellular
telephones, or other relays, and to be served by base stations or other relays.
Typically, each relay communicates via antennae with the mobile communicators, and
includes a first radio manager having base station functionality which has a physical
30 back-connection to the first radio manager, the first radio manager having a physical
connection with the relay’s mobile communicator functionality, which in turn

communicates via antennae with at least one selectable (static) base station. Typically,

the first radio manager comprises a radio resource manager and functionality for



the first radi o manager conprises a radi o resource nmanager and
functionality for receiving information from and sending information to,
ot her radwvo 20exmaMEBS, respectively co-3l ocated with ot hercraLzyspsoarsd f or
using the information to determ ne whether to reject at |east one nobile
comuni cat or seeking to be served by an individual base station associated
with the individual co-located radio manager. 5 A particul ar problem

char act er rexeivipgmidoineativonfrom, cadi sendsngs irfoenationwii, cothero madiorobanagers,
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25 the range of a base station, the last of which, n, has a mobile communicator within its

own range, and each adjacent pair I, i+1 of which ,for I = 1, ...n-1, is characterized in

that the (i+1)’th communication relaying mobile station is within the range of the I’th
communication relaying mobile station.

Conventionally, a mobile communicator “knows” which mobile

30 communication network nodes, such as base stations, it can be heard by. However,

conventionally, if a group of users is substantially co-located, the entire group tends to

request service from a single base station, leading to undesirable situations in which

the uplink of the single overloaded base station poorly serves the users associated



10According to certain enbodi nents, a random schene is used to associate a
nobi | e conmuni cator with a serving node e.g. base station or relay, so as
t o enhanowovmtdred4Bcal di stribution of4 nobil e conmmuni caPoTdLiel/0&ers
avai | abl e serving nodes. Random associ ation of a nobile conmmunicator with a
serving node can occur once per session or once per time slot, typically
mul tiple tinmes per comunication session. 15 Alternatively, a round-robin
scheme nafhemevitls exhereng awighhering baseqiations Imhicks equld yelieye 8he eengestion ethe nobi | e
conmuni cat,Qr n ers e of serving nodes
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communi cat i on device) moving in such networ k communi cates by
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In a typical cellular telephone system, e.g. as depicted in prior art Fig. 1, an
25 area is divided into cells where each cell has a serving BS (base station). An SM
(mobile communication device) moving in such a cellular network communicates by
radio with the best BS (base station). The BSs communicate with the core network
and with each other by either using a direct cable, or by using point-to-point
microwave.
30  Several procedures are common to all cellular telephone systems:
e Handover is the procedure that runs when the SM (mobile communication
device) moves between cells while it is in service.

o Cell selection is the procedure that selects the best BS (base station) to link to.



SML2 |inks to BS10, BS08 and RA09, its best link is to BSIO and therefore
it has an active link to the BS10 and connects to the core through BS10.
SML1 | i nksot2012R%0R18BS08 and BS10, itsdSbest link is to B80®/1mrdi/biverefore it
has an active link to B508. 20 SMXB |inks to SB10, SB08 and RA09 its best
link is to RAO9 and therefore it has active link to RA0O9. SMX% links to
RAO9, RAO5, RA02 and BSO1 its best link is to RAO9 and therefore it has
active |ink AanedAgRd- ISIV@FCWMKI«(MANEPA@Q& apAlepicteRA0 ¥igrd iBsolli shediesest | i nk

is to RAOS an t her ef | i nk t o RAOS5, oRA09
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conmmuni ca I'on "system conprfsing a onée’l
conmmuni cahmal schlabiitypopul ati on of nobile comuni cators served by a plurality
of nodes, including at |east one base station; wherein the at |east one
i ndi vi dual mlqrércgwwﬁbléf‘awem: eap%% depicred iroFigy 34 hasdvodadie-inesaes ati ng
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processor servi ng node se ectlon nctional i1ty operative
sel ect i ngbashatasiony amigthn ®es ®o nasnﬁgabasastaﬁamcmsmsnfg axadid mlodrﬁlcb&mh/vi dth to

and from gt east .one. node V\Q)I row de the ndj vi duah n| cator W th
an act®pt émké ingrintertacs. Apd apegpthtion a4 fgmt end (@ the psry Rug tcb in
accordancg, M%kbrﬁ%hlkﬁé}ﬁéb&%%st%ﬂfoﬁ% Hﬁﬂ&ulpfo &etahﬁre@ﬁ@&@ %tehﬁﬁ‘ Qﬁl%réf&b a system
wherein the individual nobile conmunicator is operative to at | east

pseudo- r athdomis y reed tecusetaneonsrg rantenya. fidgalsén e cansest taod BSd haieddationyer vi ng

nodes def to's ﬂAV\fréIQ}If)nusgnhgethQ lsalljr{lg lstlaxtl ar&) inter ?ace and is transparent to the kind that it

is connected to.

15 In Fig. 3, SMs are numbered 03, 06, 07, 11 and 12 .The RAs are numbered 02, 05
and 09. The BSs are numbered 01, 08 and 10. The core is numbered 4. _
SM12 links to BS10, BS08 and RA09, its best link is to BS10 and therefore it has an
active link to the BS10 and connects to the core through BS10. SM11 links to RA09
BS08 and BS10, its best link is to BSO8 and therefore it has an active link to BS08.

20 SMO3 links to SB10, SB08 and RA09 its best link is to RA09 and therefore it has
active link to RA09. SM06 links to RA09, RA05, RA02 and BSO01 its best link is to
RAOQ9 and therefore it has active link to RA09. SMO7 links to RA09, RA0S5, RA02
and BSO01 its best link is to RA05 and therefore it has active link to RA0S.

RAO2 links to RA09, BSO1 its best link is to BS01 and therefore it has active

25  link to BSO1. RA09 links to RA02, BSO1 and BSO08 its best link is to BS08 and
therefore it has active link to BS08. RAO05 links to RA02, BSO1 and BS08 its best link
is to BS02 and therefore it has active link to BS02.

There is thus provided, in accordance with at least one aspect of the present
invention, a mobile communication system comprising at least one individual mobile

30 communicator in a population of mobile communicators served by a plurality of
nodes, including at least one base station; wherein the at least one individual mobile
communicator is operative to at least once associating itself with a serving node from

among the plurality of nodes using a processor-based serving node selection



There is thus provided, in accordance with at |east one enbodi nent of the
present invention a systemwherein the individual nobile comrunicator is
oper at i vewbQot2o7s@Bect, at intervals, 6a serving node frecraLmet/03h26

candi date serving nodes defined within the plurality of nodes, on a
round-robi n basis. There is thus provided, in accordance with at | east
one enbodi nent of the present invention a system wherein the individual

mobi | e cofnmotdmedityooperative fer sldcting the sasingnddesd-ad épaarkest ussciiemalabte sel ect

t he servi node from.a s of candi date 15servin odes, defined within the
bl ur ot 1ty DR AT i Sieas oS Yich RER IPJudiehR SRdEtidnce wi th
at | east QRiR aBABRPIBRNigR] td ifsetagsent invention a system wherein the set
of candi date serving nodes includes all nodes sufficiently close to the
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therefro 20There is..thus still further provided, .. jth at
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node fromgermng tb e ldakisahdd-tan@dmiyogest Wi eivingned froma dehef sawdidarg node
and which is operative to transfer itself to a second node from anong the
pl ur al i t ysesvinaaedes definediwithig depbualiti9f ppdessecond node so as to inprove

di stribution Oﬁ"héfgqs RRRYS: 1'(19(5], 1@TE}CFR¢BHK% &rﬁﬁnyt'qg:a%ﬁ{)gé o @ffht gp?hem urality

of nodes. ere | us'’s urther provide I'n accordance with at
| east onepesddivertion akysdtdie wiease tie indiveiuhi mobide sytamenicadoerieioperbtinge t r ansf er
conpri ses a handover process. There is t.hus further provided, in
accor ¥anct Higch Aanteraly 2 SREBls TR st °§Ga¥‘§1€atf)rs€‘§’é‘}gt n‘?dr‘?géiﬁﬁp?ﬁin a

system wh tﬁ{nnﬂ;eirblqlrrg?@,qﬁ BliesCOMREhRASoBindakis. ' €-sel ection process.

There is thus st drther provided, in accordance with at |east one
enmbodi ment of Thee ps desnprovidednini asnomasgeswishn aptieast one embogimentiof the of nodes

i nclud t | t lay. .Th i.s,th till furth .0vi ded,
accor dancBY AERIPEASH Gt s dPdiiabRopioypauEieol HY8RIFRIF a syst em

wher ei N afy LRA$Y0aa-RPEAdeAN s@emhs s%l%wiﬂags_emgg n58¢ GGl ARef UNErdan@ ity is
| ocated in a base station serving the individual comruni cator. Ther e

i s this ssdrvinghodestisfingd withiethe pluraliiyodnddasce with at | east one enbodi ment
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base st at {tepré&ehtviniéhtione JySdnwhktain thesanefcaafidite serving nodes includes all
nodes sufficiently close to the individual mobile communicator as to adequately
receive transmissions therefrom.
20 There is thus still further provided, in accordance with at least one
embodiment of the present invention a system including a first node from among the
plurality of nodes which is serving the serving node and which is operative to transfer
itself to a second node from among the plurality of nodes including selecting the
second node so as to improve distribution of the population of mobile communicators
25  over the plurality of nodes.
There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the transfer comprises a
handover process.
There is thus further provided, in accordance with at least one embodiment of

30 the present invention a system wherein the transfer comprises a cell re-selection

process.



There is thus still further provided, in accordance with at |east one
enbodi nent of the present invention a systemwherein at |east a portion of
t he serviwg 2ndeosel ection functionali’ty is |ocated in acraLzyiswowed by at
| east one base station and 15 serving the individual conmunicator.

There is thus still further provided, in accordance with at |east one
enbodi nent of the present invention a system wherein the serving node

sel ection funcThaealsi thusi still otuthed prevideds ntacewtgncen wathbat deast aoieon
serving the ipdivi | _comunicator. 20There.is thus.stidl further
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entirety nodeas¢ledtivn Amctatlipy iatlotaab in andaftasatish adeiving ahe iadividual t he
i ndi vi dual communi cator. There is thus still further provided, in
accor danc®THIPHCYPT-| east one aspect of the present invention a conputerized

mobi | e communi ekt O KR! it SRIKED GrdyidQy, PRP WeRlriBke 0Lt | Badt OGRINI cat or's
using a network conprising a plurality of nobile communication network
nodes, i nehbalimgntaif thepsteno nyeltasea systim whersaratilengt 4 patipo pfithetsexvingdf nobi | e
comuni cat%{es, t he stem con‘gri si ng at IFaSt one i ndi Vi gug nmobi. | e

comufl cabWe FGHPRABMGORHEY do hefatd GnEHnBh QT ittingi Ba Bt aier at i ve

to enhancg GHakid iydRfduhnéddABtitAs:. f | owi ng over at |east one of its downlink
and uplink channels by at |east once sending processor-identified nutually

redundant i nf ofhaei bntiowestilh Bethenfpravidédadt actordancandvideedridasgeond ng nodes
{ rn0210 23?3%%(2&9&%{%”&%6‘ ‘t)%(sﬂeglﬁ irﬁ/ﬁgt?osﬁ a sSy-gpe(rarI{ %hér%int aq Yeast eE Il)cl)rltio}cl of %hr(l,(asrerv?rll’gOVI ded,
node selection functionality is located in a relay served by at least one base station and

15  serving the individual communicator.

There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the serving node selection
functionality is located in its entirety in a base station serving the individual
communicator.

20 There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the serving node selection
functionality is located in its entirety centrally in a core serving the base station
serving the individual communicator.

There is thus still further provided, in accordance with at least one

25 embodiment of the present invention a system wherein the serving node selection
functionality is located in its entirety in a relay served by at least one base station and
serving the individual communicator.

There is thus still further provided, in accordance with at least one aspect of
the present invention a computerized mobile communication system serving a

30 population of mobile communicators using a network comprising a plurality of
mobile communication network nodes, including at least one base station serving the
population of mobile communicators, the system comprising at least one individual

mobile communicator from among the population of mobile communicators



enbodi nent of the present invention a systemwherein data is sent to the
first node and redundancy information derived fromthe data is sent to the
second nowle.2012/070048 There is thus stil B further provi dedpcirnLzacrvesodzsnce Wt h
at | east one enbodi nent of the present invention, a systemwherein
identical data is sent to the 10first and second nodes. There is thus
still further provided, in accordance with at |east one enbodi nent of the
present i opesativiedn eahangs quatityiod irformdtionslovdag avesatdeast onoof itedéwnlgtk node and

only a subsget .0 he first data is sent to the.secand node, There is thus
ot 11 2 or SRENPRK shte 55 188 BpdiSsrd b feosioF i G ERRE R G R of
t he preseiifora%en loven a &eb ¥6 beMa¥hRfseiald tsbéonldi $epting dodes BOBN hiiBSHg TheS€qUENCE

of packets sent to the first node and the subset conprises a subsequence
wi t hin t helusdigoefiedeshi ch is sent to the second node. There is thus

till th [ I Q. M § h. at ' f th
or esert 1 nvent FBRC ooy MPoR Bir it Rtk e ot Gy Wine AP QR oBlg o1 11

enhanced émbddimentpsfolhalprdseiityin0éntion CkSfstete vayreirs date dsisend to the first ibdy e i S
thus still further prqvided, in accordance with at |east one enbodi nent of
the prese#id redudsneomiormalion derYeedros therdate igsentite hesecandmsderat i on i s

enhanced in th r ebahi.l i& . S§ | ed; reis
thus still furﬁlleer? %r g\%sdg%ﬁ,{ ?l%thgli%%g%geﬁlmat%%&g%&lgeggtth g%eleaZS% gﬁr}ﬁodi ment
of the presbodimemvefithe @resantsipserdionyheysem whareigudénticgl ddta iinfant natheon i s
enhanced i.n that accuracy of packets received is increased. There is
thus &4 Ibrsf?ﬂ W&?n‘fﬂ%@?ded, in accordance with at |east one enbodi nent of

the present inyghti RN gfysS Y8l efrtBeRbNdidIeifURbdridnR withf Af NBidk Ofnd S
enhanced in that probability that packets will be rejected is decreased.
30Ther e i embédimestdfithe prasenhmveptand desdem j whesieio dingtadete isiseit tat thedfast one

enbodi ment pof t.he, present .invention. a systemincluding the popul ati on of
nobil e co _rﬁngé’flbjroass.u Setof the éllrﬁte#agé ]isée?tﬁﬁihesstemr}d I?(%Ft her provided, in
accordance wi tfhat iseasks ome fmpedipreviied! id hRcRigReNWithneNki®Noie System
including the plurality of nodes. There is thus still further

provi #ed, emhodiment of theeprgbank inentien gt sysiean svitsenn v firssfdats eorpprases
e on BB ATRRSL S 15 A, B, S SR SR Bl,
servi ng nadldf. the sequence which is sent to the second node.
There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the quality of information is
20 enhanced in that probability of packet delay is reduced.
There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the quality of information is
enhanced in that probability of packet loss is reduced.
There is thus still further provided, in accordance with at least one
25 embodiment of the present invention a system wherein the quality of information is
enhanced in that accuracy of packets received is increased.
There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the quality of information is
enhanced in that probability that packets will be rejected is decreased.
30 There is thus still further provided, in accordance with at least one
embodiment of the present invention a system including the population of mobile

communicators.



There is thus still further provided, in accordance with at |east one
enbodi nent of the present invention a systemwherein the set of candi date
servi ng nwdeasizataldedes the plurality & nodes. 10There iPsTiih2a1/8300td
further provided, in accordance with at | east one enbodi nent of the present
invention a systemwherein the set of candidate serving nodes includes all
nodes in the network sufficiently close, geographically, to the individual
nmobi | e comuni &“htrer isaghuso sald efuthee| providedi e atcpaﬂamdessriitinsatthestebnmm There
is thus still ..furt ovi ded, .in ace or danc th at1 st one 15

enboat mentmbediinéat it Bisten by S5 SEDRRatht BGRiHEPIMSOT candi dat e
serving nodes fTR&eURCImAl IstiMOREhet rbrt)btaedtetwckoﬁuﬁa‘el Gtk V1eadtO8Re

topol ogically, to the individual nmobile comunicator as to adequately

recei ve t emhediineni efisthe heneeefmt olmfentlon a Sisteoe Whereinuthes tridividgalr miobile

provi ded, in accordance w.t odi ment

Phvent T oncoRfEERr aRcisHin e 8 POty el BE R RO PR BERERET 1y 1 5
operatl vecmlda@@mwlﬁgnad@et of nore than one node which each provides the

i ndi vi dual communi cator with an acceptable signal to noise ratio, at |east
one of which caheet ispitlsi @8llt Athendirovided it ciererdpecst oriths abalsasti gat
requirenme i apl t and the
i ndi vi duaF&lg%(ﬁteruﬁgﬁwg he IQ %gg él?ﬁda Q st&ﬁﬂ%@gﬁfﬂﬁ%g&l%ﬁ gualéa%lr?g

conmuni CahddeSSHdb@d”e@\l\heqilhrah@q&ﬂrroda@nt and to 25 select the nodes in the
set for the indjvidual communicator such that the individual comrunicator

associl@tes it sgh?resgqtﬁ@ﬁt |5%ﬂl| {urthet prewdad.ofn tase0tdares With 3heleastt ORber eby to
satisfy itspbanw of ﬁle f}ﬁg;? ion a system%&gltﬁe Eéttt?f L%Il lsttefsléf\Inl{?

provided, in accordanc east” one ment of e presen

i nvent i onnaiesymtledw\,hk%mdes at thee asttvosk poﬁ'tcnanﬂyaﬂosccorgbogrhplﬁeall‘yu netthonal ity
enpl oyed nce.qual it i nfor control.lin the nut ual |y
 eduntiant AR GHRARI0HR Spomabisaios s e aael BHeiFs BrsBis RS Tind, vi dual
COMMUNI Cat Of . There is TR @il Sfilrhes pmutdf W tRR86rdRh@Vivilad ati RadCERE dance
with at | east one enbodi nent of the present invention a system wherein at.

| east 13 pembpdiment of: thetpregent uwcntmmalsystgmevﬂmr@yéhle 13} cefmaadldetecpaatmg y of

f I h d f d
010 T SRR S s RO AR R TR b

comuni caifdividual mobllIlasthﬁluhﬁ:aidﬂLb% 16 hddquatelyi febive RArRMlihshs thetefdGROr dance
with at | east one enbodi nent of the present invention a system wherein at

| east a porti oRhe/e Horkusolstill ufirthen mapyidgd.e ifp| asgerdancs erifariéeleatiabpne y of
| nformati 91%98&11%8{15{ ?r} egxggentt qﬁveggt)ﬁ'aal % en?%@%%?i}ae QeermEE}god? NeleRiypcated in

a relay serve one se's |on an Serv e 9 hdi vi dual

conmmupg C a’ﬁﬁfctlonahty is opeeiti®e iteidehtify asdet bi mbory thAe bnhedd wkidh chdh govideslance
with at | east one enbodi nent of the present invention a system wherein the
portion ofheciadividypl f%etlmeﬁat With aBrasceRtable signalivdinis @hied 4tt19a56f>n¢ Af or mati on

by control)yidg aIn'ﬁSt ¢ In@ANABR b mnfn a0t g%d'»ﬁdt'h%aﬁf?élnéxﬂ, LA

ent|rety|na ase tati on serV|ngthe|nd|v
wherein the available bandwidths between the nodes and the individual communicator

together at least equal the individual communicator’s bandwidth requirement; and to
25  select the nodes in the set for the individual communicator such that the individual
communicator associates itself sequentially with each of the nodes in the set thereby

to satisfy its bandwidth requirement.
There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein at least a portion of control
30 functionality employed to enhance quality of information by controlling the mutually
redundant information is located in a base station serving the individual

communicator.



15 comruni cat or. There is thus still further provided, in accordance
with at | east one enbodi nent of the present invention a systemwherein the
porti on oWocorta7ad4sf unctionality enpl Byed to enhance quakirtiy2oai/oionicor mati on
by controlling the nutually redundant information is located inits
entirety centrally in a core serving the base 20 station serving the

i ndi vi dual conmuni cat or. There is thus still further provided, in
accordance wi tThat isedsts oti¢ funthediprevided)f it lecqdawentvithnaeneasbno® syst em

wherein the rtion tgf control functiopali E‘gwﬁhngtltl%%/ed to.enhﬁncetrgf;al ity of

i nf or mat i GACHMEBRBE PFETET ECIHGR P ¥ FERHEL 8h $%8Phcat ed i n
its entirghtidddlidy &RpIBYedsR dBanddYqudlity SafforRRGoP B BordroIBiBihk GRutBAlE, Servi ng
t he individual comruni cator. There is thus still further provided, in

accor danceedwidant atfoinssgion is hecatedingdiralbnhin afcorenssrying dhenbast istadionisorying syst em
wher ei:p tﬁjg 'xiﬁfdjd\/i dual rmbitl e comuni cator is operative to at | east
pseudo® r al§ YU COPMUNCH x5t one serving node froma set of candidate

serving nodes grdk NRA thist BiilD fubBeP!piodled, yimfacoad@se SthThRerieast Soddus stil |
further provided, in accordance with at |east one enbodi nent of the present
i nvent i onembedimeriefhe pegsant ineentionia/sysiem Whetsin at leashaparden of dostreber ati ve

to sel ect . I nterval s t t i . . t andi dat e
serving nglélagéon ﬁe}%)i %Iggloﬁ (H?ﬁ er?lh Fﬁ% %%Hﬁra(ftﬁb g"r@ tl&r}g géﬂtgd@% t?lgdr#gﬁ%ll bi n

basi s. redulld¥@f enfbindtivnsis bdakdd fnui trdley s@ived ibsied ledsh oae dasedamich md h at

| east one enbodi ment  of the present invention a systemwherein the

i ndi viQuaseryipsithedndividyahepmuriedtor. s operative to use a | oad- dependent

schenme to sele t. t nef"?ﬂ; i . e.fr t jdat e, serving
nodes defi ned ?\nﬁ?ﬁi il ?ﬁ% Sﬂljra I 1%1\3; ﬂggwﬁ%gelsr{ a%&laa&%ﬂ?g@e%?gg%%ué&sti |
further pembodiment ofi the poesdan evemtidrh aasystepastheneie thebptiiorerf ofontrbe pr esent

i nvention_a systemwherein the nobil.e co ni.catpor 10 conpri ses
tel ephoneﬁlnctlgnaﬁlﬁsh@rl oyed fogrdange qqallwu?fﬁﬁ HeR xagar}ﬁqqhnrg@edw&aﬂ&ye with at

I east one,QIRQML BHmAbn iNBCREEFEMN edtPUGTh MAsstaIH LMiND teShdividugl mobi | e
comuni cat or conprises a cellular tel ephone. There is thus still

furthe¥ pcomndedatoi.n accordance with at |east one 15 enbodi nent of the
present inventipn a.system. rein the . network operates,usi n LTE

st andar d. Jr%ﬁgrbs sy Eﬁ@hﬁﬁ%ﬂ Rr_ﬁYlfjﬁ r_mpraS\c/‘?rﬁ%‘Eﬁe iwﬁthac?tg?ﬁsgn%e with at

| east onecqpbifiehEof tRE Pr&d@nPiRSAIMEN IaN YRR Glheleifi YE SFBrube ol Nconkigl net wor k
operates using a WMAX standard. 20There is thus still further provided, in

accor danc&mgiietalig emplased torenhargsequalityf of information by controlling the mutually

redundant information is located in its entirety centrally in a core serving the base
20  station serving the individual communicator.

There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the portion of control
functionality employed to enhance quality of information by controlling the mutually
redundant information is located in its entirety in a relay served by at least one base

25  station and serving the individual communicator.

There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the individual mobile
communicator is operative to at least pseudo-randomly select at least one serving
node from a set of candidate serving nodes defined within the plurality of nodes.

30 There is thus still further provided, in accordance with at least one
embodiment of the present invention a system wherein the individual mobile

communicator is operative to select, at intervals, at least one serving node from a set



the present invention a nethod for manufacturing any of the systens shown
and descri bed herein. There is thus still further provided, in
accor dancwowntdn7ei4s| east one aspect ofl the present i nverciranzeal/osbisod for
operating or using any of the systens shown and 25 descri bed herein.
There is thus still further provided, in accordance with at |east one
aspect of the present invention a conputer program product, conprising a
conmput er ofS edidédareshirviny hadéndefmed ovighih e ther gadiibl ef podeyy aim coael-mivhodi ed

t herein, {)he conput er readabl e program code adapted to be executed to

i npl ement P34y of the met hods 30 shown and descri bed herein.

Convent i onal | Y Théte SR 9 sBRS RurfhbAHON YRS ird SlcEHlR @ Sithh &t blgés% shation
whi ch provides the smallest signal to noise ratio to the seeking nobile
conmmuni catmbodifent efit the npriebont ahsentiobas esysteat i voireseih athd - oMevidwad nmobile at i on

devices to other base stations, if.the band-wi dth demands on themare in
excess® of CURBHICAEY L PEHIE ?oﬁssr%magé%epaﬁ%ﬁ%e Rl af Vi hode

sel ecti ongdriingtio@B#HI % sebof BERAIREE RAVIhEhodBs 88hedaRthiRakde Mutalit@ppt her, of
the follow ng” core, base station and relay, or entirely in any ‘one of

them 5Qpnédesal |y, fair balancing is provided such that the total

t hr oughput of scendant s i served by the various r.elays is as bal anced
as possible oviﬁerf’hg 313: Sa gﬁ g&é‘?r tﬁo\“fiﬁac/t Héta}cﬁ%rd%%{:gk“g d #o??% Bt ween
rel ays suembbdiflentTof éhel pi¥Berit SinSdtioh 46yshin Setieréifl Y teHiRySorhmahicitet ay

t hroughput faster. Certain enbodinents of the present invention seek to
provi #& aceperreirigleripocnet hod of performing initiated, synchronized and

typically tinme end , h I . pert odj 0 s _of bj station
at a cellular ngr@mgkmhiséﬁtggﬁﬁf Jg{;lflgcﬁaﬁsgdcg%ljra%e&% \t@{heiag leg% Hlee

spr eadi ngémbodirmeat bf ke ptesgit . invdngioh i kysadro rwigdreih hthe spdteRdeconphtmipgtong may
for exanple be a server Jocated at the core of the cellular network or

sof tware FYEBE®E2s¢llylanfglephanieat i on. The initiati on process may be seanl ess

15 to the nobilpfegt at QR st gﬁ‘fhato tlﬁgﬂigﬁ,;‘ﬁl tseﬁg&jd A9 Pl 1ekH0¥hd he

initiated process is activated. nmobi | e station may know of
and evgen tmkedipgnt ofi the pltesentnntantivn asygemodssein the retyark opemter usiyant age  of
use of th@T"ceI I Im_t%preadi ng" or "cell hopping"” techniques is the ability to
better us gﬁﬁ“& "radi o resources of a cellular network, either inits 20

entirely or a ghagl & egld stifler@ingr ﬁoﬁqé@, LPSRUS RSS! Rath GaNehg BRI ter used
include but are not limted to tinme, frequency, power. A particular

advant ageembodigenbéf thheresert inveiopadsystgm whereuethe nebppk mgeratesoisinigipies i s
the abili WW&Xenh?nﬁe t he performance of nobile station transm ssion and
reception M8 Car network. Performance characteristics that may t hus

be enb@nced i ngherdas Bhushull faftBer@bvidedliih @dedr@arka A htyleadionie faspecy of
redundency, |atency, power consunption, power spectral density.
the present invention a method for manufacturing any of the systems shown and
described herein.

There is thus still further provided, in accordance with at least one aspect of

the present invention a method for operating or using any of the systems shown and
25  described herein.

There is thus still further provided, in accordance with at least one aspect of
the present invention a computer program product, comprising a computer usable
medium having a computer readable program code embodied therein, the computer
readable program code adapted to be executed to implement any of the methods

30 shown and described herein.
Conventionally, a serving base station was selected as the base station which

provides the smallest signal to noise ratio to the seeking mobile communicator.

Conventionally also, base stations hand-over communication devices to other base



A particul ar advantage of use of the "cell spreading"” or "cell hopping"
techniques is the ability to better exploit the backhauling resources of a
cel | ul ar wetzawdoosdackhaul i ng resources whose expl oi t at iPom/InEN1/0300% be
enhanced include but are not 30 limted to, for LTE networks, S
interfaces capacity and X2 interface capacity. A particular advantage of
use of the "cell spreading” or "cell hopping"” techniques is the ability to
expl oi t i staasalfl thé bendywidth demanddom ddnmmarenar excessre whanthgnerekbdetost at i on

backhauling |ink resource e.g. by usjng cell hopping that is enabled using
high pri oP‘iOE’SFlespHH@?i’ﬁ% }i‘ﬁﬁa‘a{ _ n%’&r?ﬁ’&ﬁg%"_% E_E‘B%Q‘!@E}g}hllgh’ﬁaﬁeaﬁ’aﬁh‘dpi%ﬁ’ may
opt i onal | ¥y SRk &tﬁ@mlwﬁglecoﬁf%@Aﬁﬁ&nommcraﬁj or AR Rfany@nd in

for the ¢ opp! ng process 1tsel o provided, in accordance with
at | east omeofdbgect of the present invention, is a handover nethod

conpri si ng rformng.at, least one initiated, synchroniz chedul ed, tine
slotted han ’é’f‘a]g;f’ 1 I@.z]fé’tcm(gnés anBV‘IdSCli sf“&gi gf?¥i ﬁlea?(gﬁli ﬁﬁﬁoaghﬂlﬂg; V\i)r k.
10Fur t her gdsRerfMafRIEaNC Servid By @l VARNYE rORGs ASREBAlarbed tAGoRSIBRESer R/ ENt i ON,
the initiated, synchronized,” schedul ed handover is initiated by a server

| ocat ed i relayscogebyoflusthatingdiark bnd fartht baswien relays such ai mioref time kespenh
accordancg .with a st ..one ec%Pﬁﬁg%Qe present invention, the
S

|
Cnitl ar oqbeitlt iety@i by ERSS (R FARCREH ;

otted handover is initiated by a
server 15l ocated in a core of the cellular network. Additionally in

accordance WhdfiPtmb6dittenRNEf AP fdseitf inlAiRioA! KRN provRRL & QPstetihgndrandover
isinitiated by a server |located in a core of the cellular network.

Furt h&® i method of gerfiorming iitizied, Isgrahrorozes and gricallyf time degenderdnichedwesht i on,
the initiated. handover is schedul ed. 20Addiiionally J.n accordance wth at
| east oneohSyiRdtt drgarerhEant Tbef e 3o ier i FERRSE Bl e
handover {egméd MBersinOt'cell. spreading'urérhelcell N hagsifs'danCEneM fnfiiaddr |oFaske one
aspect of the present invention, the initiated and schedul ed handover is
dat a si zesnieadirgfhopping may for example be a server located at the core of the cellular
network or software located at a base station. The initiation process may be seamless
15 to the mobile station in that the mobile station does not know the initiated process is

activated. Optionally, the mobile station may know of and even take part in the

initiation process.

A particular advantage of use of the "cell spreading” or "cell hopping" techniques
is the ability to better use exploit radio resources of a cellular network, either in its
20 entirely or a single cell therein. R adio resources that can be better used include but

are not limited to time, frequency, power.

A particular advantage of use of the "cell spreading” or "cell hopping" techniques
is the ability to enhance the performance of mobile station transmission and reception
in a cellular network. Performance characteristics that may thus be enhanced include

25  but are not limited to capacity, diversity, redundency, latency, power consumption,

power spectral density.

A particular advantage of use of the "cell spreading" or "cell hopping" techniques
is the ability to better exploit the backhauling resources of a cellular network.
backhauling resources whose exploitation may thus be enhanced include but are not

30 limited vto , for LTE networks, S1 interfaces capacity and X2 interface capacity.



Further in accordance with at | east one aspect of the present invention,
the 25initiated and schedul ed handover is synchroni zed. WD

2012/ 0700%824P207H1482011/ 050026 Still further in aceordrmaeosnich at
| east one aspect of the present invention, the cellular network is a
hi erarchi cal cellul ar network. Additionally in accordance with at

| east one aspect of the present invention, the initiated, synchroni zed,
schedul edA partiela| adtaathghafidevef the Scélhsprealimg? dry'calbhopmng’ totlodqtesds at a

base st at h_%n i.n the cql | ul ar aglgiewor k. .Acgidi tionall n accor,dance wth

at | east BReCHIySEr coploftn Toralleh fig: ihoesammbifed maansty; wiie Ban 08 teshedul ed

handover igtislpbRkRadRg Rk eETUREL g by usif) &N HIpPMLIRH id SnaBledQRMGIEEH PT Ogr am
product, conprising a conputer usabl’e medi um or conputer readabl e  storage
medi um t pperesistapdard gndsiver coramimds. a conput er 10 readabl e program code
enbodi ed therein, the conputer readable programcode adapted to be executed

to inplenent a r all. of the nethods own and descripbed herein. It is
appr ec? at ed thgg"kg‘ﬁgll“&mg‘?rfnali?n% O(PB%%B’al?q ‘Efﬁglioy E’p’%‘a]g‘ﬁg\}\]/i‘fe detFidescri bed
herei n may, &ﬁc&%ﬂh@?ﬁdﬂﬁ'f%@&&ﬂhoﬁfﬁgﬁB@és@‘itEé?fls in accordance with the
teachi ngs herein nay be perforned by a Cconputer specially constructed for

the 15 desired purposes or by a general purpose conputer specially
confi gured f or Aldoeproeded, éul agordansewith aa laastmigtaspecp bbthegmesshioiheehtion, a

conmput er readable storage nedium Any suitahlle processor, display and input
means rraylsb%q@%‘i(ﬂ’ef SGHRSL eXBPrising ,BF% ng at 3?@% oge rpiipke. SEIBERASA, ot her

conput er  iepiibd d6¥d G6ttedHaRtiSver 8BNSk 185 R méBild ShRSTRL QNluBHElwdik.
i nformati on used by or generated by any of the nethods and apparatus shown

and descri bed herein; the above processor, display and input neans
i ncl udd ng conpBumetier in egeadamcei witlaat trastasreeaspetthofSthapresentlnventdor, hise
enbodi nents_.of the present i vgc%i on. Any ,ggte(%}l,afi nctionaljties of the

a
i nvent i Onlrg%% s&‘?fé‘r?i%%e@r §0tlj\g<?pl andover is ini server locatecl 1n a core 0

the cellular network.

Still further in accordance with at least one aspect of the present invention, the
initiated, synchronized, scheduled time slotted handover is initiated by a server

15  located in a core of the cellular network.

Additionally in accordance with at least one aspect of the present invention,

the handover is initiated by a server located in a core of the cellular network.

Further in accordance with at least one aspect of the present invention, the

initiated handover is scheduled.

20 Additionally in accordance with at least one aspect of the present invention,

the initiated and scheduled handover is time slotted.

Further in accordance with at least one aspect of the present invention, the

initiated and scheduled handover is data size determined.

Further in accordance with at least one aspect of the present invention, the

25 initiated and scheduled handover is synchronized.

Further in accordance with at least one aspect of the present invention, the

cellular network is LTE cellular network.



herein may be perforned by a conventional personal conputer processor,
workstation 25 or other programmabl e device or conputer or electronic
conput i ngwdeviaepodei t her gener al - pur pbse or specifical | pcranmur/osmbsd, used
for processing;, a conputer display screen and/or printer and/or speaker for
di spl ayi ng; machi ne-readabl e nenory such as optical disks, CDROVs,
magneti c-optical discs or other discs; RAMs, ROMs, EPROW, EEPRO\/B

magnet i c or op®iilt firthsr inadserdapes wish af lgast onopspagf, Oféh‘tlpll@é%%éimeﬂtl@b o nmouse
for accep‘r:élrlll nﬁorltnsahleﬁrc ea??ellu?a?rn‘éﬁ? kabove is intended to include any
type of conpu i'on or ‘mani u‘f ion or transformati on of data represented
as physical, e. g electronlc phenonmena whi ch may occur or reside e.g.

wi t hi n regi st eAddiginuallyoin areomsieiesswith at leasihgnet aspectTifethe prasentriovesivor

i ncl udes essi ni t of. d or renote
such uni 1 0 hitdled, BmRERTctthBlbod it BoME ity feis bBrea B SBsfbent | onal
wired or Wcﬁt@diQﬁaﬁbée@taﬁbﬁﬂlth@@@lmml&&%&n nmeans, e.g. via a wired or
cellul ar tel ephone network or a conputer network such as the Internet.

The apparatus qf .the present invent i nclude,. according to. certain
Enbod ments. of MO Fo R Rith &t |t Srhis §E Sisea Hrergios:

ot her wi Seth%tﬁhht'éGaﬁdQJh@Qﬁl@&rhmdo'vé}% Hh&ﬁtsiz‘éfaléteﬁﬂin‘éﬁ when executed by the
machi ne, inplenments 10 sonme or he appar at us, nethods, features and

functionaliti e of the jnventi on shown and descri bed her ei n. Wg}r natively
or in addition’ sprfgo‘ggﬁéars& ERMB}ieT PTASIFEBIOACt: FRABPHSIH2 FRTPHISE M

accor di NG lgiuhfhl &Jn’ri}nﬁémgﬁaﬁ}%%tt&a?é med@ind, W&;ﬂngngl@lepﬁmg’i%&ﬁ{)ﬁgpve whi ch

may be witten In any conventional progra | anguage, and optionally a
machi b@ fmadablemmgrmgn thde pmbgdiadn &lmin athe bwmmmﬂ:r tdadatile cbrogram gedeer al 15

pur pose c¢ ter |on C actiyated i

accor danc%‘i’%}]ﬁdﬁotqqeexf‘é‘ﬁ%?/‘)ngg) p?rr 8&@3 %‘? ﬁ\‘?g’rﬁ’g? Blirln ﬁ@ala‘?scflh‘?ép

t eachi NYShérBROTtROAFH &FatBe iRt ﬁlyr@auvmﬁeee&ﬁ utaticnabdt&psQREWALRd QscabaNal s
representative of EhySI cal objects or substances The enbodi nent s
referred hyeiaboag, @mdnmummemmedenﬂéle efrezatipas cini aesgrdancovitlettd | in t he
next sect{ ade curring . in the s is the

e erey leAbhings Bercinf oy SOGEMReAOBT M Lol shlfatlyHinsfugfli T 180 L0 10
exanphe ofieshew mitp@ed @di BT At gedbral HRIrpoY esdhipater Nep¢cibRy i cspfigired tfofl the

desired purpose by a computer program stored in a computer readable storage

medium.
Any suitable processor, display and input means may be used to process,
display e.g. on a computer screen or other computer output device, store, and accept
20 information such as information used by or generated by any of the methods and
apparatus shown and described herein; the above processor, display and input means
including computer programs, in accordance with some or all of the embodiments of
the present invention. Any or all functionalities of the invention shown and described
herein may be performed by a conventional personal computer processor, workstation
25  or other programmable device or computer or electronic computing device, 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, CDROMSs, magnetic-optical discs or other discs; RAMs, ROMs,
EPROMSs, EEPROMs, magnetic or optical or other cards, for storing, and keyboard or
30  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.



Unl ess specifically stated otherw se, as apparent fromthe follow ng 25
di scussions, it is appreciated that throughout the specification

di scussi owe,2012747b048i ng ternms such as, 13 processi ng", " compWLIVgt/P50026
"estimating", "selecting", "ranking", "grading", "calculating”,

"determ ning", "generating", "reassessing", "classifying", "generating",
“producing", "stereo-matching", "registering”, "detecting", "associating",

"super i npektinepic, phemomiend rwfticlomashecturker, resedeee.gt ovithie tsgistesm anddoor 30
processes_of a copputer or uting syste or _processor or simlar

ol ect r oni BESHSTET RgOMRYIte 106 Rorr RRSFHY Hclalsa Rels PRSty e mir

r epr esent grirafty Bhiisiribated o WhotaSudhl@gdkr oni ¢, quantities within the

conputing system s registers and/or nenories, into other data simlarly
represent ed as Thopeoveadevigga maytqorunyilieats Hiatany Eargitonalgwied pemirglessrenori es,

regi sters 0r 0] t] t 1 Lspl ay

devi ceg. étafé%ﬁw%fg%gou (%{e%sgﬁec'%lqg? %e&g%gg)alc}%fl@igflg%l%ﬁ{gggtngﬁ%ogi&eo? %ny ki nd
of el ect r esmputeendtwerkwutihadiat dantpmecessi ng capabilities, including, by way
of non-limting exanple, personal cqnputers, servers, conputing system
communi cat i on dBYiappaatus ofpthgcrescaf dnyeatign mYyinchydesjageafing, 9ced&d (DSP) ,
m crocont fl : T am : r = annl | s
specific FI(rPll!tb 1&‘3&%%‘ tesdéfgilhgclgi{]ét}glg ’S%pll,uﬁ%? g%cﬁgb%n @%1? ﬁ}e:raﬁg%lgg%r gﬂnf’@%ﬁ%uti ng
devi ces. storing aThegrpmesfanitructiventhich, whsn &xecdied byi the dhachine almpldroentc| arity,

interns of term.n specific,t articul ar. pr.ogr.amm | an ,
Lper a}l‘i’ ngS%‘S}%to_é%,gltgg%ﬁp%ﬁgéré?thg 3@%{9@5@5&&“03?4&}%%3%\? 1 ga etS s, and
the like. shdwihdd ddaErisRIMBGH 2A REnAthRly &msadhlﬁrom ﬂl@lagﬂé’raﬁﬁ off eeptde: t 0

convey general principles of operation clearly and briefly, by way of
exanpl e, &neniien mey irichidenaksdrding foi gertaint dvebasitrops of thelinventivera prograno any

particul ar programm ng | anguage, .operati ng _ system browse system versi on,
or i ndi vi BUAPOr Bt e S BHR ¥ G0y SPRVEIIRL BOBEWOrE: RORREE AN be

di stinct opiRRNgRlHacit R leRbddihh R ProFRifm Bech AChiR a1be ligdifed a6 Wr Rneral Any
sui tabl e input device, such as but not limted to a sensor, may be used to
gener 3% e BHIPOSchepmpyer phirhi may joptionalit bo gorfigused, ey apijvatede inapgrardencs and
nmet hods s } el Any i I s Vi . di spl ay
oy be. ue S B AREEH B RIEh b RndSRY AR Ll AR ErdRtbe R e Rl P
and net hodsyshvawevansuithbkc bpled bersgmls Aprestuiatiadl o phiyztab sbjecthyr be

enpl oyed to conpute or generate information as described herein e.g. by
provi di ngs‘éhﬁéan_é"?s- nore nodules in the processor to performfunctionalities
descri bed her eirfle o/RqiRithisARlcrod QRO b PneAlAbRALAISHE dBscrBEIRY! &1
menory may be used to store I nfornmatioh recelve y or 25 generated by the
syst en® sHeraih irathd ndetssectidbed herei n. Functionalities shown and descri bed

herein may be divided between. a server conputer .and a plurality of client
conput ers. Thegé‘yé’faﬁsrﬁ? RUFINg dAbhg text Qreg}g&%dﬁﬂ}ﬁ%mgmﬁ YAEV®EScri bed
her ei n may, £ QeR h&&h Snd el e @Rplb eI aLMese Yefex@mpit bR af eBYYiGTenn €t WOT K.
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of the invention may be implemented.

Unless specifically stated otherwise, as apparent from the following

25 discussions, it is appreciated that throughout the specification discussions, utilizing
terms such as, "processing", "computing”, "estimating", "selecting", "ranking",
"grading", "calculating", "determining"”, "generating", "reassessing", "classifying",
"generating", "producing”, ‘"stereo-matching", "registering", "detecting",
"associating”, "superimposing", "obtaining" or the like, refer to the action and/or

30 processes of a computer or computing system, or processor or similar electronic
computing device, that manipulate and/or transform data represented as physical, such

as electronic, quantities within the computing system's registers and/or memories, into

other data similarly represented as physical quantities within the computing system's



Prior art Fig. 2 is a sem-pictorial diagramof a nobile ad-hoc network
system Prior art Fig. 3 is a sem-pictorial diagramof an n-|evel

hi er ar chiwal2oal7baBar system of the ilvention. 5Prior aPCTHLS1/03046 4B are
sinmplified block diagramillustrations of a 2-tier hierarchical system as
described in Pat. No. 5,729, 826. Prior art Fig. 5is asinplified

bl ock diagramillustration of a 2-tier hierarchical LAN as described in
Pat. No. Sedbiie31kgisters or @themsuelr tinfoimations AtoraggB tramsaissioni opidispdayi al

di agram of an nsiier hi.e hi,cal J,n: 10 band ltish [ | ul K,
ST Sttt Bhe St rortn e “Bevliohs DAl sdiuhed 17 Rev e Bind"St 0L,
IS a sem glpdtfdn® deéMicetivitly A ppdcessind\cdpabilitib, ehd@ndifg 048] wapef fod-limitinge! | ul ar

system network constructed and operative in accordance with certain

enbodi nen¢xamife,t perspRad SORPUtens STV COTRBIRE RYSHI), GraRBRisatidiadevices,15F g. 8
Is a sinplifi m +.DI.Gt Or | | f I ' oyer ne Kk
capacity ijl)césg%tg ig |%1§ir%§ Sf%lﬁgg{/og%sggé@?%lﬁdfngé}o?%gﬂggrgﬁsaﬁgldiﬁé%c ”men[es of the
present i gateniia@(FPGA), applitatién ispecifis ésjograrcd dicagr @BICYY ettheandpphenat us of
Fig. 8, according to certain enbodinents. 20Fig. 10 is a sinplified

f 1 owchar t elpgtranig sompusing 9evigesmet hod useful in conjunction with the apparatus
of Figs. 8 -9. 1.0; | ST e N 1o phetrj.al - di am of an
application i nT}\}ﬁﬂp(r:ehS@l a%ngglﬂ%dncsjg?d gyié%nﬁle%lérg)%ﬁ’i gfr%gl}é%gac?ﬁég’l fﬂ:t%g{ss?/@st em and
t her e ar eteraimploglyt epaeéfid e patitdsr greghminling Bbgiages, 1 dpérstigg Systphisf | ed

flowchart. illustration of an exa e t hod for effecti. a distribputed
mechatfl snPRYSEFIPREM Beré‘é’Pf’dflﬁ“’Hﬂ‘gLaﬁoﬁﬁﬁﬁ’ a%‘ft%{ﬂﬁ epﬁéé’%ﬁ?"ei%‘?fﬁ‘fﬁt .

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.

15 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
shown and described herein. Any suitable output device or display may be used to

20 display or output information generated by the apparatus and methods shown and
described herein. Any suitable processor may be employed to compute or generate
information as described herein e.g. by providing one or more modules in the
processor to perform functionalities described herein. Any suitable computerized data
storage e.g. computer memory may be used to store information received by or

25 generated by the systems shown and described herein. Functionalities shown and
described herein may be divided between a server computer and a plurality of client
computers. These or any other computerized components shown and described herein

may communicate between themselves via a suitable computer network.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Prior art Fig. 1 is a semi-pictorial diagram of a conventional cellular system.



Fig. 13 is a sem-pictorial diagramof using handover in order to enlarge
overall network capacity, all constructed and operative in accordance with

certai n 39oentadieent s of the presentldnvention. Firgs/aL3041/0508%, t aken
together, forma table of terns useful in understanding certain enbodi nents
of the present invention. Figs. 16 - 17 are sequence di agrans. Fi g.

18A is an exanple of |oad cell spreading using periodic handover and

st andard Hybr i Brigwanndtig.c2 RepesemiRagiast diagiaRQpfi sy mebderadthweseetdotl. dat a

wi th additional redundant information Fig. 18B is an exanple of | oad
cell spre@dNY using periodic handover and standard Hybrid Autonatic Repeat
Request (HARQ) p#ér &E 48k 3 & & Sdfi-Fbtotial dayaboPalth 1éveD Blerdreided damilar

i nformation Fig. 19 is an exanple of transport channel processing of
DL spr eadsystast obthe énventien.ons u5| ng a code correction nethod operative in
accor d? nce wt greaﬁ all‘lns eﬁ{}lip ts?mghﬁéc{' glo?lf ﬁ%ﬁm lﬂxvﬁgﬁdn%nof al?'tzlerg 20 is
an exanpl e of ranspor annel processing 0O over base stations

using a rbReircicdBystanas dachbel @Fac.ald. \5¢72|9[826000rdance with certain
enbodi nents of the%{)resent i nvention i s .an exanpl e of

transport chanReer 45t Biged & ahﬂnﬁlﬁ?ﬂ_b@ﬁ]ﬁ éaara@vdhlstéas@ ‘Bftaa?t'ﬂ‘%mgeré%cfﬂ%?@l a code
correctio LA dance with certain 15 enbodi nents of

t he preselr}t ﬁ?%{/&e%g A EET LEB@ CRI PTI ON OF CERTAI N EMBODI MENTS 20The
ternms used in Pherm@mnGAsmB:lsfa seatiipiutorsal diagéen bfitan metier hisrartckidaltin- t hose
listed belo be cgnstrued either rdance with a def|n|t|on

t her ed? bﬁgammﬁ%hm %ﬁ@arpppwﬂwsmg Sé?émﬁ © FOMIRUniCAligR MLAYISE) Wt t he
speci fi caphQBafingHeeNgs, or as follows: active link: If nodes are

actual ly transferrlng data between them the |ink 25 between themis terned
an "active |inKlg 7lin assemptc@(utahdﬁaggamgf engV-tidGhierar¢hics radiodinketiines
establ i shed,as an t|v

bef. 1 t ded
Co P et Smudih pdoRC bonsfiycred fnd BpdilR S Relerdinge SRl Gran gl o "oos °,

nobi | e or tiRtRéseniaventiohSwhétt 8NEadbé hokdhhaide, for exanple, a cel | ul ar base
station such as but not limted to a
15 Fig. 8 is a simplified semi-pictorial diagram of enlarging overall network

capacity by initializing handover, according to certain embodiments of the present
invention.

Fig. 9 is a sequence diagram for the apparatus of Fig. 8, according to certain
embodiments.

20 Fig. 10 is a simplified flowchart illustration of a method useful in conjunction
with the apparatus of Figs. 8 - 9.

Fig. 11 is a simplified semi-pictorial diagram of an application in which data is
delayed in a hierarchical cellular system and there are many alternative routes
available.

25 Fig. 12 is a simplified flowchart illustration of an example method for
effecting a distributed mechanism according to certain embodiments of the present
invention.

Fig. 13 is a semi-pictorial diagram of using handover in order to enlarge
overall network capacity, all constructed and operative in accordance with certain

30 embodiments of the present invention.

Figs. 14 — 15, taken together, form a table of terms useful in understanding
certain embodiments of the present invention.

Figs. 16 — 17 are sequence diagrams.



30 2G, 3G 4G or nobile Wnmax cellular base station, as well as a wrel ess
access point such as but not limted to a WFi, Bluetooth or WMax access
poi nt . wo 201208bd481 ar: The term "cell&l ar" is intendedpco/iiLmael/osbe2éN Fi  and
ot her technol ogi es which have a single cell i.e. access point. It is
appreci ated that access points may be interconnected outside the scope of
the cellular network, e.g. via IDSL. connected: Two network nodes are
"connect ed" i fFighé§Ads ancexpaiplecobload cel spedadingi usingdperzodie hanslonert el e. g.

over a wred o Lr.eless link, cor e W t chi fu i qnal i. whi ch
acti vat ess%dﬁﬁ%%gﬁéé“%%qle\%ce#peﬁf %eﬂ%ﬁséf’éf’ﬁ\@&fll oéd%gﬁrﬁ%ﬁ??&‘t &%ﬁ Ydelices. It
I S appr ecadigshal RatindheingenaitibRy be co-located with a base station e.g. if

t he base station is an access_point. downlink: link fromcore toward
nobi | e communi Eigt 18R i8apiexamplecof lpafjcgll spreadingmusinggprsindic bandoyer end al so

cor o bt RbdgRl HEBAY Gt RO RUNEL (TAREDGn Hradh Schd DHEARRRAE) 10 107

becone acidditional redutdadt ifedriatiah net wor k: a conmmuni cati on networ k wherein at
| east one nobile comuni cation device js served by a first base station,
al so termed hefig H9 & 2y @agiple ofjtansport sharpshpreressing ot Rl FPEMbOYEbEsi a a

sequence 85tidns>us:in% Aicghédco%éﬁm?t thd SopePfiiv dinNdecor@anc O PR R Nl  L- 1
base stations connected to one another hence al so termag herein "rel ays",
and (b) aembabmdntafthegiresenionvesdtioch i s connected to the core. radio

interface: apparatuys usin adio technpl ogy to provi a lipk. relay: see
o i1 on of L &) B Enp i GeiRon SoHBrLBrossRERt Al SHsHOAIRE L o
"relay" sghrN&f Qéi_hg C@Q@B&ftﬁﬂ ¥odt FetRsd 'o\f)@ralti!vé‘ Kint gcco_rdancé‘p\lvitﬁ' Kéerfalk from a

mobi | e communi cation device toward the core i.e. l'ink in a sequence or
rout e (al ewbedimentd ofifleipiésestdguentioa. or up-route) of one or nore |inks

connecting the deyjce to the core. 25The term "nobil.e conpufing,device",
oo in Fg 5 ¢l ECu iy ORGP it ThSes Y o LT SR b1 o0&
stations using a code correction method operative in accordance with certain

15  embodiments of the present invention.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

20 The terms used in the present specification such as but not limited to those listed
below, may be construed either in accordance with any definition thereof appearing in
the prior art literature or in accordance with the specification or drawings, or as
follows:

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

25  between them is termed an “active link”. In some technologies e.g. 4G, a link is
sometimes established as an active link in advance i.e. before it is actually needed to
transfer data.

base station: The term “base station”, which may be mobile or stationary, is
intended to include, for example, a cellular base station such as but not limited to a
30 2@, 3G, 4G, or mobile Wimax cellular base station, as well as a wireless access point

such as but not limited to a WiFi, Bluetooth or WiMax access point.



any nobile comuni cation device being a node in a comrunication network
such as a cel lular conmmunication network, such as but not limted to a
mobi | e t evephmso®sg. cel | phone, snmarthone, etc., as weCh/Rm1a0500BONPUL er
that has a wirel ess nodem such as a laptop with a LTE nodem It is

appreci ated that while many nobile 30 comuni cation devi ces have conputing
ability, the enbodi nents shown and described herein are applicable also to

mobi | e conmuni edlulagn Bmlltm Yoallelar] dg kinteodpdit fongnalisdd i Wik1 and  other

Hi er ar chi b| le.s such_as, for exa se _shown and
descri bed{:l !ﬁ" g5 pvhi Ve§ S?'ﬁg? §g@ LS AP SSeRI N 1715 AT GC atedo{hﬁgﬁ%‘;leﬁsg

Publ i shedpditi nEat R ThtefdoRhéded 01081488 26dpk STREERIulL Atividriet.g. @&l IDSIar

Conmmuni catl on System Wth Mving Base Stations And Met hods And_ Appar at us
Useful | n Conjeannectedy FwoTheiwerk tnpdes mrgaiconnagtedr | if 8igy t 2| eapabler af chi cal
radlo in i nts of the invention
shown and gf&?%ﬁﬁ?%ﬁ%}a be&%éenmh?@e$élogg EWI%QOPW?@%QQHS}FM t he above published
PCT Pat ent Apptdreatd odwiidhing0 hhERHAGKS. which Mthaed SoraicetsorRatbetviNen,

5,729, 826, for exanple, describes a 2-tier (also terned herein 2 Ievel)

hi er ar chi e%mn%%ynm@k srermppiRatiopleyices. i israrpracinied et the cprr maE baker 10
comuni cajd t T are provided with
a high gal N %?@@t%ﬁ%ﬁ%ﬁ%’%gﬁgﬁzﬁ“{e@m 159% écessﬁlﬁ?gﬁlse network of this
type is illustdavdthk: hinkfioar ccaeltoviargsnobdﬂéconmrﬁmldatmmvlewge baselidt mtd on may

have an RH added to th(eaégpr oce‘aéfg Igﬁ(-: United States Paé No. 5,657,317,
for ei%rrp?eélue?fés‘?,rr’ioﬂt?s optefp sqguEnge ATSAQVKIOUHHEOH 1Pt TG ey
conpri se ﬁnmoﬁng&lﬁg%%ﬁpﬁpaéﬁb@g radi o base stations. The second tier

may i ncl ude vari ety of roam ng conputer devices such as vehicle termnals
and conput er t estatilish pdinkoactizate pHkale. chawé 8 bisk thbacomarctivnd to the rmbu | e

d d h
xampl o of o sHeERre SRk G hre=fonatheT Gt B g% erBlt ort

Figs. 4A corfhBunid@ion d&ibie erve® B a0 eibae sReiad] 415 tetmae hefdat £MelAPpP! i cati on
No. 206455 illustrates an n-tier hierarchical in-band nulti-hop cellular

net woitk u®hith mmwnmt%ewctbrfhmpr@a\tla @nsegperice Of las 3 Iphekedakase sitigesi ce as

i1l ustrat eﬁ%lddnn 83&&}%1&611 '[,Qge lﬂ_‘Pwor ng g ed 8 %ﬁ'&hérRMnREgaq  ses

An N-ti1er |er ,

radi o 25 tefined ﬁaeﬁa ‘fraaydzi@ﬁiﬂr(ayh Iseﬂsgnd gaselsmohlvgmnsuphneatedbamvuoea h capacity
and better range. cover. am.c hjerarchical cellular system e.g.
as in Fig. 7, iadigiatrfage: r@ﬁﬁaf%‘ﬁﬁs@g ragio teghnqlogy QP de Agkapabiiiti es whi ch
are typically W ice al cellular system 30a.

Fi ndi ng t he ro%t—gg ok mnE)blfl glegaéanﬁngjh\r{\?lgga?gn devi ce) through several hops.
Due tmothe dynmhamoaﬁatush@mymemtoMay”a message is being routed from

source to destinatjon, there is uncertajnty in the position of the
destinati on whéﬂﬁlidﬂ NS VlaanaCtheEIalf(tO

uplink: link from a mobile communication device toward the core i.e. a link in

a sequence or route (also termed uplink sequence or up-route) of one or more links
connecting the device to the core.

25 The term “mobile computing device”, e.g. in Fig. 5, is used herein to include
any mobile communication device being a node in a communication network such as
a cellular communication network, such as but not limited to a mobile telephone e.g.
cellphone, smartphone, etc., as well as any computer that has a wireless modem such
as a laptop with a LTE modem. It is appreciated that while many mobile

30 communication devices have computing ability, the embodiments shown and
described herein are applicable also to mobile communication devices which lack

computing ability.



arrives; noreover, there is uncertainty in the correctness of the routing
rout e because several nodes along the route may change their position.

b. Traffiwo2btirbesecks' occur at a c&rtain point al ongpChaLmackivazd i ng
route. A typical cellular system does not consider bottlenecks al ong the
backhauling route. In a 5 hierarchical cellular system because of
limtations in the backhauling bandw dth, bottlenecks m ght occur. For
exanpl e, consi Herarthiasl raehiler sybteniis stakiows such @ for esdnmgle drwsRéhqwrehml/) t hat

ot her 01 STSRTPGLEY 05 TakkPect TS tRESPHETTY oRaCiecs Rentite BTFRSht i on of

t he radi opciranpsek ?\p?ﬁaatﬁﬁ WORR i B0Y5IH) cHEGd CdIRId: C¥EnudiBfion $sieh a
dynam ¢ hi erarchical cellular systemadds two variables to the routing

graph, nuNG8r Mgfving Besea Stitiohs iAnguiiethods A deparabisyisdfalbine Conhvaatyen r api dl y,
due to_ the, dynamcs of .t syst .and .affect .the utilization of .the
Systent  rBEUPRE oA elrisbRly SEHEC hicRRO R FRG i eliark, 62 hRRmthie g
bandwi dt heertain emb6HimSts bF (R iARMENE BRFWn &dd idetibesigheadialis NRBGate®id Figr ent
services have different 15 requirenents; for exaa&l e, services such as

voi ce cal ¥ &f theetbaen pubdiskadsR @H Petgnt Aprlivetion BR/2PEL{b36981 i tt1 e bandwi dt h;
services [ike t’jﬁge&%@g&%gﬂg@ 6{%{.%,7‘2@',@%a%o%%gﬁlﬁﬁfggg&gﬁﬁ%ﬁé%ﬁg wfl @nbpndw dth

consuners. In order e’'to subpor rvi ces,

di f f er ent h&emv2ldevel)diierarchivantdludarohdiWwerk; wheteudle RAS esdveowitieaaffioamer are
taken into account. |l n some cases, interfaces mght interfere with each
ot her 10 f ofFOTRHAISAE Witfehexorg ﬁ@ﬁ%dﬁ@ométss“éh%msw erpvidedonith @ highich as

upl i nk bag&lwdﬁwio%al htSRECAL kLarh AL 6B shithbRHAewEAS R Shis &,b@ iﬁﬁ&ﬁ}r&t@@ﬂ{ tant
gl ven aé e.”"Schedu

service rdquest Is typically vant age. Ing of the

di f f er ent pger it déigs. 4h ff dBet nsmving bese ktatien aadyf bavensn dthraddedro shé cs. Sone
use a constant hit rate and are not tolerated to delays, such as voice
call's, anBroSE¥iRr¥o%e tolerated to del ays, but are very 'greedy’ in their

25 bandwi dt h coRgedRiatelPat. A 5687817 foPbaiple, dR6eBbdshE BREMIiGahRaAVe been
establ i shed, a special scheduler, which resides in the RA (relay), may

schedi’ e LA. Thedistetiar snaycemnptisag hasd whresidrL AN ropimpeising qadip dasnstationybr eover ,
different prioriti.es m e,assiogned to different service requests. I n such
cases, -t haRGont (5P PG fpctiah Sl of Paming Sl Eies Bt Raehide ur ce
schedul er ter@als hﬂn&ﬁmﬁﬁernﬁﬂﬁiﬂ@l@ﬁﬂtpetiﬂhé‘rals@e\@ées&hzhadhhh:ﬂhkl k1 ¢hel MBkild ai | ur e,
specifically: Certain enbodi nents of the present invention seek to

provi de aceiputing deice ming sompuinirate Wish different deviees emihs N addl sgampleof t he
t opol ogy Lt QQE CAA L Certain
enbodi rreng fsggpta%) %&%})\%@%%ﬁlﬁ?ﬁ@gﬁglggﬁagee %Q%?gﬁ\g?\/%sdé'qa ‘%I%y to give
bandwpglt h al | oTh¢ | abovearatichedg co-pehdiag SBFa¢l CRatit eapplédation No. 206433 ai n
enbodi ments of the present invention seek to Elifg\/i de a way to give

bandwi dt hilbistrelesen Briienbicerehien) -bandymulisher prlibias ashvork sese S kmebdodi nent s
of the pr S&ﬁ&hnfcm&ﬁ&é\f?&) %?%kbaEﬁqa‘ﬁ[iﬁg 496 a¥RYush e @iy Figs. 6a — 6b. The

RH may be added to the rRM block.
An N-tier hierarchical radio-link network, as depicted in Fig. 7, uses radio
25 interface for backhauling, giving higher uplink bandwidth capacity and better range
cover.

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

30 a. Finding the route to SM (mobile communication device) through several
hops. Due to the dynamics of the system, when a message is being routed from source

to destination, there is uncertainty in the position of the destination when the message



bandw dt h all ocati on according to the destination precedent. Certain
enbodi nents of the present invention seek to provide a way to find the
route to wbeof2d700#bi | e conmuni cati on2ldevi ce) using a ceatrnatoiappbiecat i on
server that resides in the core. 10Certain enbodi ments of the present

I nvention seek to provide a way to find the route to the SM (nobile
communi cati on device) using an autonom c distributed application that

resi des i arrivhg nitAegves) thyre. is uncertainGeint thie wosndtoeks of thesronfing aito besiesd

i nvention seek to provide a way t.o ingrease uplink bandw dth capacity by
usi ng handfFe no GLQ“tgéhfhroé‘FPJBéf?\l??ﬁg% Fﬂoﬁ’e‘ogr esent invention seek to

provide a way Borﬂaﬁfcr‘%éﬁl%n&%?d%éﬁ& M@&% bAnPHoMSIHE BaskHAUIREfould. A

backhaul i ng radi o |i nks. taln enbodi nents of the present invention
seek to ptytpmatieellallamaysttm don‘.cmcea‘s)wdﬁiMwedc%sekpedhehwhmylmpn@ Inequests to

enl arg duc th that,consid I.ff erent nts

a1 ong 5 he IFETicA SSRERt amefan%%uf?eﬂ F Ly liphe p e BRRRA i rer BEREEERK + o
provide abmh’nécﬁs hi;gl{t GekaiiPld) cOnaRRE (i Govol dikiArt GisérS Greinsy drD

enl arge\reduce ba dth that considers different users' precedents al ong

t he rout eRA (relay) thaCisrqoahertedrisoationtentRA dfelayh éhas meighinbe plmpshoyaloadekk to
provi de a4 0 S éhsqfan%% fs.. %d%guﬁ or}ﬂ?@é Stttlgﬂé:c\{(s Psylo%ﬂff%‘id (gf tfv??ad?ova' | abl e
WARRIESS f NG t he

bandwi dt h consi déerin er en Service requl enen

route. channélghh@.mmu@iﬁﬁgiiﬂgﬁj@éﬁe)@énéﬂ&e present |nvent|on seek to provide a
way to increase network reliability usi ng handagve Schenes for

enl ar & ng over &l Usmgtwymlaﬁaer@fc@q@y CFIH}IF By St rﬁ‘&d%é‘f‘i@ld@é@@e%é‘? Wk n
possi bl e B ﬁag@ eh%@bﬁogr@g ﬁq@ Qﬁﬂ Wbt SRk Epangeg ig, - 13-

Traditi ona DS t | nes, connect i ng the Wire
interf aceauewtd khet thmaadeseof dfeveystem, e AFfot (Helutilizatibn € she epstdm pHops di ng up

to 2 Mps 1n%?eg§é: clletlgly, a151c|1 Pg]((j quzﬂlt;[I gffgc%) the bagk}fagﬁnghégg“gg ha rates.

d. Service management through several hops. Different services have different
15 requirements; for example, services such as voice calls are not tolerated to latency, but
require little bandwidth; services like web browsing are tolerated to latency but are
high bandwidth consumers. In order to be able to support these kinds of services,
different service requirements and their mutual effect on each other are taken into
account. In some cases, interfaces might interfere with each other, for example when
20 they share the same limited resource, such as uplink bandwidth on a specific route. In

such cases, the more important service request is typically given advantage.

e. Scheduling of the different services. Different services have different
characteristics. Some use a constant bit rate and are not tolerated to delays, such as
voice calls, and others are tolerated to delays, but are very ‘greedy’ in their

25  bandwidth consumption, and work in bursts. Once the services have been established,
a special scheduler, which resides in the RA (relay), may schedule their requests
according to their service requirements. Moreover, different priorities may be
assigned to different service requests. In such cases, the more important request
should have advantage in the resource scheduler.

30 f. Handover management in case of a backhauling link failure, specifically:

Certain embodiments of the present invention seek to provide a way to
optimize the bottleneck problem through analysis of the topology graph, and to

balance it through handover.



Fig. 8 is a sinplified sem -pictorial diagramof enlarging overall network
capacity by initializing handover, according to certain enbodi nents of the
present iwoentZom4sFig. 9 is a sequenZ: di agram for theprapprzat/®omf Fig.
8, according to certain enbodinments. In the illustrated enbodi nent, BS10,
BSO01 and BSO08 reside at 10 approxi mately the sanme di stance from SML1.

Mor eover BS10, BSO1 and BS08 are approxi mately equal |y | oaded.

Tradi tional | y Ghftdinselbedinsentmef the présenbimsentiansienk) ts ipgrvade & vaydb@ver ati o as
a criteripn of bestness, available BSs and gonnect to it, for exanple BS08.
Due to bagf}q%@tgﬁgo?maé‘&%‘?@g 9818|58%1°§d°d?¢teﬁ8ﬁ- of another user may result
in an overl oadedRaCkiaHIn MG bf e pREni AlVeitidnl iR té PRovade 4 RyrtadiR:

channel s. For 15 exanple, SML1 connects to BS08, SML1 requirés 600kbs and
BS08 havebaniwidthaliktationwneddrdipp ¢o thehiser pregedemicr ease t he service del ay and
service queues_of .all users th are connected tp.this.BS (base station).
Handover can bgeﬁ%lgc?nﬁ’galén%%%@{hf%?%nwgﬁrghqnssfﬁegéo é’ﬁ‘ivé‘feg%(‘f oKt al |

net wor k CBamVilth allacatidaRtEH Edg tdthkidgstinaBoR pebc@denfor exanpl e, SML1 enpl oys
600 kbs 20 and BS08, BS01, BS10 have only 200kbs avai|able in their
backhaul i ne. Cenain eabpdigeatsmniitls presenp puyReian ssek toiprgvige agvayde dind the BSOS,

000 kbs. R et S Al B PRERARGE BA0D RERCRRa dpRBldudenkhfiel 205y

(robi | e ceRepictht come. device) in order to achieve this enlargenent as

depicted in Fig. 9. 25In sone protocols such as LTE, BSs are %gll eto
conned? to oneCsrgngmbodiggnts of dhieresaph uiyeRInesk by prowidg vy tediadithe or der to

i ntroduce i gl £,Qunds ' S I andwi dt h
requir erreﬂ(%ugé t‘%égél S?‘En@wtl:gﬁg Jﬁ%h?ﬁgﬁdélg\gewlﬁzgilsg}ggﬁg %g?ﬁg@‘?%%%‘%}ﬁ%‘g t he
servi ce (appiBW¥andanresiBeyindid By, (rad4y). ) requirenents and the avail abl e
resources provided by the other. BSs. The .30 HANDOVER deci si on net hod
returns the meCRBANoTMbRdPeRty At B PRESRIE yIVanLop peek | tp JRIOYISE & VAl e,

sendi ng t bR dad aplidk aHawideh SfpadBPb KR8 handoverThe first burst is dispatched
to BSO1 and put in a backhaul'ing queue. HANDOVER request, service

requi ienment s, &adainetrhipuliménts|i oft thebpresamh imesnsianesselarte prowide a ovaynéo next

BSs. These control, nessage re small co reg to the,.data hence typicall
o ot adthergenPRr TR SORERy By SR el R ek U By oy e VP e Y
acknow edges t bgrthia NGANGImMEREUSSthe prefndav@ttion oeRNY provRiend w4y tdhe next
BS (base station) and results in an handover conpl ete nessage sent to the
next BS (bgsass bandyribngxpsglandyebBsingosaestsciongnlaee saduen barefgw@@) thatrhe BS
base station) i [ h [ r ath switch, and again the BS
Ebase sta cl)rbsh‘%efs (Eé%fg&letrrlw?%%a}lﬁ?ﬂugﬁt?gl?g%ﬁ%fguntgl e, receives currgnt
measupgnent s oCessiheshleslliB&sts sfuthe presenbdndavien wekitsi povidethothyard deci des
to continue with the current nethod of distribution. At the sane _ tinme BS10

recei ves iEeapeRendyodthiexrseipagy. byrusiessaeestshie aNireerqdvenprivEgimtiat cat i on
devi ce) hE&?Zdegs‘éﬁﬁf?lteﬁih@%mlgr“&%@bﬂ&léh@gﬁmﬁ”e"t burst nmessage and from

t here bac I's round robin anismmay continue till the
sessi on t er m n@tganoembodiments hefr thei present havgpion nseekeot ppwidegy vofy tde

net work. . Topql o changes i.n the network tha requjre change in
t he round BN t?‘?g‘g?f STHPRE ‘fyo_rbyefﬁgfﬁ?rgmrgn&%&E?Iiaﬁ’?’gﬁ’éﬂg\g“ﬂﬂh ‘E"ﬁ‘ée sel ected
BSs apgl/ opofshRRde diffdlent 3etvite réjtilchRts@IdipGkOAMke, bandwi dth of the sel ected
BS (base station). A change in the bandwidth availability of the selected

BS (base st at i Enitainagmbaskments jof el presanhgneintiper ek teeprovidg BI¥ayoto in the
worst case, a smaller t.1.]l eneck i.n the backhauling queue. The handover
mechani sn%,%%?s%ﬁ%gf’ﬁ?eﬁﬁbéhé}yi‘ﬁ"}gi‘ufgng?vsetr'ri buti on nechani sm For exanpl e,
SML1 may no | onger see BSOl. This may be indicated by absenting



20 BSO1 fromthe nmeasurenments list which wll result in an update in the
nmet hod of distribution for sending bursts of 300 kb. Any suitable
met hod mayohkwe1ugedsf or | oad bal anci ng25uch as but not | ipGirtieZd11/0500%6e

foll owi ng and any suitabl e conbination thereof: a. Const ant
periodic time slot sharing e.g. as shown in Figs. 8 and 9 25b. Random
distribution over tine and destination. c. Proportional sharing
according to tﬁ@helnmdfoarmjllargmg @jezdli mytqulempmt}’(by 19p1ehangdland@‘eers| me on
the | ess k aded ere "

bancur ot noSRED PORIIe SPRlSe PR Rp D RokeetiBY Wl oS5 o Rfesud {Hace ©

station) arfuahwnanp)mwmcﬂhmadmm 1ﬁ1|emOﬁﬁvec&1hE thd \WaeRes rnaérfd@epfmhh@e li nk
quality. 30 Fi depicts a round robin mechanismto enl arge overall

net wor k c&Y&cH oriksmqg HaMd e bA'Y) lines eash| rrpwidingebindpk2 VIBPE BARAAN, as LTE.
LTE enabl ovision of an option for effecting fast
handov%r fl%/fgﬁ M%ﬁfhl g?u%?%tgg only notifying the core of a path switch
change. The deE1g3|80n; acsnﬁf:lﬁfesfdt sanigsadayle diagtm of icpiegiag dyrdlhaetBSr base
station) with a speci handgver met hod that enables it to handover in a
round robfIPAFREE h&rﬁné ng hopdnsBsacserdingstor Fotan sRbadynentcoluthe Metenkr e not

Limted tonkigod Okl oW 1Y QquRfive SHLAPLS HOMBHARRE AR HiBCE Chlordidy (SPI I LI N
Es, i

the data 1 nto contiguous e ts 2. Spl ng the“data i nto contiguous
propor t i opatairs babedibenist b ﬁneah»msnmawg entbodomeht AR 10, i BHO 1cand| B3O8 Bside at

of ¢ ha¥ apenaoRBG S S istando hamavl ) Modieker BRSO RSO ae sl b © "
suppor t edafitotifidiRbQiall§ $bdded arramleﬁgr:y%m 5498t 8ndStvhe A SispfRdidnkE-

Support nessages may be added in the application layer in ‘order to split
dat a accotaieige taplotase atiteniaon @ﬁjbqsmsmvm le Bds m@(epmleet tept.ifett éxanplhe dat a

00! TSRSt FRi gt HEPuR B R e B,

nessages h® dwrisaiRt barkBawEies liné taﬁl@UIow/\@itﬂﬂzitﬁ)nf of thekaavl eaasenFor The next
BS (base statio %\émay be i nforned b%/ the SM %ITDbI | e communi cati on devi ce)

of th&s al peamRie.rDdbl caegaskBas, SM 1 hesquisesrfiG0kks anddeS08dhave orky 300kbh t he
uplink si ?@aﬂa&ﬁe?ﬂl@g%qﬁﬁ I(er%stﬁ §ér@1tcla %QlZa?' TR spr@ ceglfu%%eoq a}Hy s Jgefthr vious BS

(base sta ROt T0 be retransm it en i itorm t he
20 SM ( nobédrected onhin BSi(basastdtisri)ce) of the transm ssion acknova edgenent .

Handover can be used as a round robin mechanism to enlarge the overall
network capacity, as depicted in Figs. 8 and 9. For examplé, SM11 employs 600 kbs

20 and BSO08, BS01, BS10 have only 200kbs available in their backhaul line. SM11
seﬁds a burst of 200kb every 1/3 of a second to BS08, BS01, BS10 in a round-robin
mechanism and succeeds in gaining the required 600 kbs. Typiéally, coordination is
provided between the BSs and the SM (mobile communication device) in order to
achieve this enlargement as depicted in Fig. 9.

25 In some protocols such as LTE, BSs are able to connect to one another. SM11
sends measurements of selected BSs in order to introduce the available BSs for the
round-robin mechanism and its bandwidth requirements. BSOl runs the HO
(handover) decision method including the service (minBW and maxBW, delay, etc.)
requirements and the available resources provided by the other BSs. The

30 HANDOVER decision method returns the method of distribution namely, in the
illustrated example, sending the data in bursts of 200 kbps.

The first burst is dispatched to BS01 and put in a backhauling queue.

HANDOVER request, service requirements, and method of distribution messages are



Fig. 10 is a sinplified flowhart illustration of a nmethod useful in
conjunction with the apparatus of Figs. 8 - 9. Specifically, Fig. 10 is a
sinplifiesof2brob@st illustration of 2 nmethod useful i npemiazogi/ospozver al |
network capacity by initializing handovers between possible serving cells,
in accordance with certain enbodi nents of 25 the invention. As shown, the
BS (base station) nmay retrieve SM (nobil e comuni cation device)' s selected
BSs. The B3t ({déwmenext HSsoheseygrinttal messagpd argsmablecompaed wpibe dagfhenpe
selected BSs fromth s _and retrieves sepyi ce.requir ts from{he SM
(nobi | e cB’rWﬁ?h?’cg?i ﬁ%ﬁvfﬂé‘& o an OV"%‘F?/%i &‘é}eflyfhet it B Bee i) i nds. of
appli cati gexmdResichd the! RAMLTSR TORESS, SalGhnddYesBorthnd @ sdnt 1 tiednd@ BRYY or all

of: Guaranteed UL bit rate Guaranteed DL bit rate Maxinmal UL bit rate
Maxi mal Dibas¢ statien)eandiyesudin lim pgy harfovet ¢nsaplete nagssagsserte thi pext By (basat e i f

possi bl e an t.h A rej . r S f Q. UL \DL
Bt rate RRfPBRsb bR (e S FlnilBo HERED: The b GRERu o EnITH TR

requi r emevéredetvidiak 0P atphad swifeh| &l patine BS (bhsecstatioaNtBED ihhhslustrgted on) or
any of the other selected BSs are able to provide all the required

bandwi dt hexanies 16eei BNl USRI MeatEmAR efbtelwirddéds. ews the bradrystdeisdon to t hat
BS (base %e@dd%h'de&%éé%@?“&%ﬁe@%ﬁ ﬁ%tg‘;dp&(}%}ﬂﬁgm}ﬁ{l zes the avail able

bandw dt h of severa they are a I the m ni mal
requi renents tAenthBSafmbaire BSa0 irarjves tiec ndxe 200Hkd wirsts Erond iBSORI thei Sy

mechani sm as depicted in Fg. 12. 10 BS e statio sends to the SM

(nobi 1@ c&‘ﬁﬁﬁ?}ﬂ? _‘b‘HCﬁ&Q\‘}idl_Eg‘feé‘aé}é? PYRI LR éﬁ?@sea ng &é@% DS “@h%%&%"eri stic
of the methpdoaf alrsbhlOW BRO1. HRNOLAS rbbih Shedi@hBmPHES coRfifle/ 88 th8S (base
station) starts the handover nechanism it sends a request for handover to

t he next seseotatiBiesydantl thewtis ocharigedh thtitopplogieofitbe hetsvodf. di st ri buti on

and the servi cq. rﬁgui rﬁaments.hThé miéhod of distributi on'ﬁ cha(aa teristics
may incl ude 15 IQBAEEYFhangss ifsthe petwork thatmay redyiry g cogngeip the round rolyny 1o pgg
and all thechfddn HRROfdr exihple ih@adk: b@hhdR iNehd@ibceld BSSindidthhees deci si on.

In case of a change in one of the variables' distributed mechanism e.g. as
shown1bn Hiegavailghle hacdkdanebrandwidih i€ thesselastpdi BS hasp glatiome freohpras 1fthe

di stribution, ageor di.ng.,+.0 n i Npyts t Cj t Fig. 12
el udos. VANBHE HEREIE, d5ofn BT oard, LRl RS M o Wit 1

deci si on Q@feés seR/iKEBSHOr,Pihake Gatlst dasd, esmillarbotlehedX irt the Wdektiaaling poi nts
shown, and the distribution nethod ma%{then be changed nutatis nutandis to
T

take i nt odueu€odhe hendovemeshanism maywsear acehsngs Bythe distributpgngmechanisg. 5
ace Lo | i . . R e
eeban oo S GUSEC AL 5t BF 00 Sy RSO PRSAL) ofHUgSALTIY Rpsyiht oo

mechani sm according to céertain e ‘et t hods
shown 2bier &S01 iy ithe imedeurements dist ahichodvilt hesult lih wat wekatedinsthe pagthediiof abl y
ordered e.g. .as shown. The net shown typically handl es guaranteed bit
rate requidPgiRMteR ‘EﬁSFF@P%EP‘lSSF‘{}ﬁgﬂiﬁaxi mal bit rate requirenents. If the

requirenent is A%gg;uﬁm@hﬁ%d_t}h&y p&hged g&%&ﬂi‘ﬁiﬁcingt REcHBRI R ot filnfisd t O

al l ocate the seléected BSs using a greedy approach sorting the BSs according
to the av& thelfbléowiegend emssuitabletchmbBatioethereofent is a maxi mal bit rate, it

TN E N
resoupges it ip RaRRE @s@ioution over time and destination.
c. Proportional sharing according to the load and link quality, meaning (a)
spending more time on the less loaded BSs, where “less loaded” may for example be
in terms of bandwidth and/or in terms of number of users served by that BS (base
station) and/or (b) spending more time on the inverse ratio of the link quality.
30 Fig. 9 depicts a round robin mechanism to enlarge overall network capacity
using handovers in a cellular network system such as LTE. LTE enables fast handover
due to provision of an option for effecting fast handover between two BSs including

only notifying the core of a path switch change. The decision to effect a handover is

(3



The SM (nobil e communi cati on device) receives a channel where the bit rate
indicates the bit rate of the summary of the selected BSs avail abl e

bandwi dt hwowhern7e04BS .(base station) ra&tei ves informati orCequzls030026 t S

al l ocated burst size it sends an handover request to the next BS (base
station) and handover command to the SM5 (nobile conmunication device).
Enl argi ng overall network capacity by initializing handovers is depicted in
Fig. 13 whigghreddypi tht BS(Hasestatioh)i wigh arspecinrhandovenimethod thahgmabdgsdt éper at i ve
in relayi infarmatio Both et.vveen one another and from base stations to
nobi | e co Vi@ dﬂu"&gRS’ s appreci ated that the enbodi ment

descri bed heyiethddt MisdBufied eh/NERIWde bt 8re no3 linsited! t5Qhs! $&foing BHER} | S

mut andi s, in non-hierarchical networks and in conjunction w t%

non- hi er aﬁl@mb@aqonquﬁméhﬂr@m n a hier ar chi cal network. In the

illustrated g 2 Leside at approximately the
sane d stanclenggldtﬁpﬁﬁ&éia%rde%)ve%& Pﬁﬁﬁt@ and RAO5 are approximtely

equal |y | oadedSplitfihgeheShkia &ite cahfi e grdportemahsiane badststdeespdingr tadosd onal |y
RAO9 will 15 pick _one of the available RAs and be actively linked to it; in

this case the @MEIMhAwhtRA0O9 picks, wi II be | oaded and eventually sone of

LS Sert oo i QRPE s RAE i S '?8”“% Bk 102 1 of

T time 20 4. | abdeet inethioghl BAD2. f or Ttlrre LI 27: : Ilnkthrough RA19 for T
time LI28: 25 3.link through RAOS far T timnme handovey, can be
used a8 a r oun52p¢yieh 'ﬁ??(lf‘ﬁ%}g‘?"%rﬁr? Prevified gad (yeperire: QVI ﬁﬁe‘fl@lﬁf Keldghcity, as

depi cted t(g:dogs SUER: as%@ﬁd '@M'T‘SnzhﬂdLTE %%%rtf Rlesshodd Ry Aa0addBgin RAL9 for T

ti me and to RAO5 for T tine. sthus somally bal anced
bet ween RAp;(lrceﬂmy)layeannl c&dcrhtoRspl(tr@tawcqrémgdad@d distripufier nzetlsdalfbr fracti on
of tinme, S)QE?rxrl]p g lsll)lﬂ'gng %he data 1nto 1nteﬁeav1ng blirgtlsl service.

LTE provides a feature whereby optlmlzatloh of radio is effected by selective

15  retransmission. This feature enables mességes to be sent in bursts without waiting for
acknowledgement. The next BS (base station) may be informed by the SM (mobile
communication device) of the already received packets on the downlink side.

- Similarly, on the uplink side, the next BS (base station) may be informed by the
previous BS (base station) of packets not to be retransmitted and may then inform the

20 SM (mobile communication device) of the transmission acknowledgement.

Fig. 10 is a simplified flowchart illustration of a method useful in conjunction
with the apparatus of Figs. 8 — 9. Specifically, Fig. 10 is a simplified flowchart
illustration of a method useful in enlarging overall network capacity by initializing
handovers between possible serving cells, in accordance with certain embodiments of

25 the invention. As shown, the BS (base station) may retrieve SM (mobile
communication device)'s selected BSs. The BS (base station) typically employs the
load report of the selected BSs from the BSs and retrieves service requirements from
the SM (mobile communication device).

Typically, there are several kinds of application-specific requirements, such as

30 but not limited to any or all of:

o Guaranteed UL bit rate
o Guaranteed DL bit rate

e Maximal UL bit rate



Several nethods for |oad bal ancing are introduced: 1. Constant periodic
time slot sharing as shown in Fig. 13. 2. Randomly distributed over tine
and destiweat2ommn70048. Proportional shatd ng accordi ng to trhe/rimadoznzs | i nk
quality, meaning spending nore tinme on the | ess | oaded (bandw dth, nunber
of users), RA (relay) or spending nore tinme on the inverse ratio of the
link quality. 4. Conbining the above or any ot her option. 50ne optional
process t hate enakingsd Dil bit t#el handover conprises: 1. A schedul er process

t hat enabl es sendi ng and recei vi ngpl natinme slot. cheglul ing.in this
0 ;

content i hBt geleingemethedrliogatehtheob ld?L St ratfeilh 2ptsie 28 offFRTVEAITYY by
general | NGl khe fegul Ul D e SCAULARE VLDIABR rafeakhMRlent. it Atocates
, t eaul er n

Alternativ € sch may enabl e sending a recelving in a
parti cul abULi0d ditaate upeo the.maxilngl requiranaint ngup foathe ewtlableamdover, a specific

schodut er IHEREPU DR S5 4mt P & Hec0er pekiigd BSSBRADI tn roy el e o
synchr oni zahira baRENHShES 1EOSVOAKR dddBntuliBRIcH Rlviceh e WERRA GvEf &y ent

€
servers or base-stations. 155. routing process that khows where to route to
in each tthat BS Gase statiah) édthenwiseethe BRolbeset statien)t summaepirse ¢hé @vaildbée t i me

o BhGAIR Sl B e VRRSES L BB RRE PR 5

t o di ff er BRl(baRHtioR B Ychtes the chosen distributed mechanism as depicted in Fig. 12.

10  BS (base station) sends to the SM (mobile communication device) a definition of at

least one characteristic of the method of distribution. When the first data burst

arrives, BS (base station) starts the handover mechanism; it sends a request for

handover to the next selected BS (base station) including the method of distribution

and the service requirements. The method of distribution’s characteristics may include

15 some or all of the size of each burst, the order of the BSs and all the load reports that

lead to the method of distribution decision. In case of a change in one of the variables’

distributed mechanism, e.g. as shown in Fig. 12, a command may be issued to change

the method of distribution according to the new inputs. It is appreciated that Fig. 12

includes various decision points and that in practice, any subset of the decision points

20 may be provided, rather than all of the decision points shown, and the distribution

method may then be changed mutatis mutandis to take into account the particular
subset employed.

Fig. 12 is a simplified flowchart illustration of a method for effecting a

distributed mechanism according to certain embodiments. The method and all

25 methods shown herein may include some or all of the illustrated steps, suitably

ordered e.g. as shown. The method as shown typically handles guaranteed bit rate

requirements differently than maximal bit rate requirements. If the requirement is a

guaranteed bit rate requirement, the method tries to allocate the selected BSs using a

greedy approach sorting the BSs according to the available resources. If the

30 requirement is a maximal bit rate, it allocates the selected BSs evenly trying keeping

the number of handover minimal; if there aren’t enough resources, it allocates

whatever maximum resources it is capable of.



20Anot her nethod to enable tine slot handover, is to initialize handover by
the client, RA09, on each tine slot. This nethod excels in ease of

i npl enentwDi2or/E@mE@S Ay be nost suitabl®e when tine slot PCwaL281/g50ezt er t han
handover tinme. This nmethod is |less suitable for applications in which
adding to the overhead of the handover nessages and handover tinme are
significant inpedinents. On the other hand, the first 25 process is
superior in i tFhedMplneotileycommdint@ood ideete)anceiwsch ghaonéldeerathel toctate

synchroni zer. .. Schenes for enl i 0 al | . rk reliability by
Tl Sl bR SobaswRmBBa Y slourd g ifle Wbt idh e | bea
The schenps (b s%ﬂ&g%déﬁ/e@%f&ﬁﬁ&i&ﬁ&ﬁﬁlst% idesitdchRa b et Weddd 4ef erence
to Figs. 8 - 13 may be enployed nutatis 30 nutandis in order to enlarge the
net wor k' shandbverbietpiasy to Beet mexit S5 (hsis¢ statien) amb harsloversewamand t¢ thesSMn each
tinme sg ot th’f ncr ease net\é/or.k reliability. In case of | oss of a connection
in one of (PeRile SOmMUMIcAHIRR AEYiE) "hacked up nessages can be used inst ead.

Dupl i cat ed dat BnlaByng 00ahll SRtWAIR ApailyCry eatigiddiae heribetrs S dipRiddcat ed data

header may, conprise the nessage identification, copy nunber and_the nunber
of copi esFigvdrwhietedericts pdicsaphieal netuerkdr which relays pisamEBH Y HUFClINg t he
destinati L [ e all o j a t nessage it hout
i mai cat| nitaAkby oP¥ins 3R Gnr chg ) bifhel PRRCHE Bioe] ARIIRE R0 fmalld 10

l'imted temhuniSaivh d@idebelt saappreciashges tixesabalimbhtdscriitede@edin avidi | abl e BS
(base station) 2. Using a suitable error cgrrecting code nmechani sm such as
Hadan® d rederence to Fip 13 annlse assfpl; mptatis mytandis, p pershcgrchical aehyasks #der al |

reliabi l B oh@ﬁkﬁ&?@itﬂﬂgﬁihﬁerﬁgﬂic 1Bl Sgerfté)in iglja?c%?ca Ratvofp! oy a
conventi onal sendi ng nechani sm characterize in that retrying is too
sl ow for them Inathelilhpphted atmbodisnent) Rik(12¢ R Ad&taad iRA (bedeside dt dppraxitnatelyar chi cal

cellular gsystem and there_ar ny alternative ro avail abl.e, e.g .as
Shown | n g gistince om RNg0, MRAVFR RML: Febeirdh RED &1 approninieiy b
const r uedeRiafiP@sadell, Bifce WMaBGMERD BRYcHISHd O thbRANTHIRRAlly RpABAKIING in the
prior art literature or 1 n accordance with 15the specification, or as

st i pulat epick one € thezdyhdable RAs an8diesietively dinkedhioait;ginrihys easer thk lone exthadr k

GeBart b Aoy B g LR B SRR S B PRy ah e £
handover sijjustrfedlenmbéRment, HedBl1éWiRg Prskdpas iah pakrsvdiinditbliebing iakdi er ar chi cal
cel | ul ar IS,YZS6t-em Fig. 16 is a

1.link through RAO02 for T time
20 4. link through RAO2 for T time

LI27:
2. link through RA19 for T time
- LI28:
25 3. link through RAOS5 for T time
The handover can be used as a round robin mechanism to enlarge the overall
network capacity, as depicted in Fig. 13. RA09 is linked to RA02 for T time and then
RA19 for T time and then to RAQS for T time. The load is thus socially balanced
between RA (relay), and each RA (relay) is loaded only for a small fraction of time,
30 enabling it to be in almost full service.
Several methods for load balancing are introduced:
1. Constant periodic time slot sharing as shown in Fig. 13.

2. Randomly distributed over time and destination.



20 sequence di agram of an exanple nethod of enlarging overall network
capacity for hierarchical network works. The nethod of Fig. 16 is simlar
to the emvargixgoowt hod for regular LIE cel | ul ar syst empsmanzoii/osobiey. 9,
however, the tunneling of the messages occurs between different RAs through
different relays. For exanple, the |oad request of RAO2 nmay be tunnel ed
through the core to get to RA19, as opposed to 25 a typical cellular LTE
wher e every 3BSP(dpag®nsl shiariog peavadinglta thetlbad awlnivdequality, eveanyngrseengitir i ng BS
(base station). Tunneling the control ssages 1 hrough seyer al may add
del ays that caffore ! 1F’§d%g‘1f E’ g@ﬁﬁ‘ﬁ W%E Lm0 fg'?sefﬁieﬁﬁ\aﬁﬁl(??ﬁ?’ request ,
service requi r%ﬁiﬂ%rﬁ&@tﬁtﬁ%ﬂ@é kRdrsefratitl Stthé Ruk h@ditgar [ i er than the
arrival tinme of the next data burst. Furthernore it 1s possible to use the
handover m&aﬁpmblm@g@lﬁlah?ﬁ@eorwylﬁ?@tev\epﬂkomapam ty on a SM (nobile

conmuni ca ev As for exanple an SMX%
handovger p?mgfjonakﬁ&eslﬁ%a‘%ﬁ%g eg%%dmbm% |g 17 is a sequence

di agram of an axadsrwdmeha}ﬁdmerthﬁeeﬁa%mssmnmgcbndr&yceﬁﬁﬁgdiasmﬂimé hetotCN (Cor e
network). A server e.qg. "know al | * server, reside in the core

net wor k and rra§°}lfé1uk’é&§ibﬁ§$ SP@emomclslé%d@?mamngdhe ogdas eafuthe hgndaversi ng and
ordering of ha r ver mechanismin
the core may a([}%?c\éﬂg bpﬁﬁéﬁ’?‘ﬁ{&e nélgtslgg@éﬁ%ga > @Eggfﬁ{gﬁrs%ﬁgﬁga handover
broker and theAfenddvely, the ckissduler gidy dnablenendingahd rerddig niSa?l'pamcallai y, the
BS (base stati retrieves SM.(nmo |Ie rmunl cation. devic S sel ected BSs

d®nmands tﬁg)aﬁgade getgyomca?lg% Hb et SR mﬁ‘eof%sgo@ﬁaorr etrieves
serV| ce requi rgg{gygélt{,fg%ﬁ,g@ SM ( nobi I e communi cation device). In general
there may be various requirenents such as one or nore of: Guaranteed UL
bit rate 10 Iajaptamaﬂe,da domtpined mh@@lerm&udrag thelfubétionnhties 1 aviebd atmive. DL bi t

ot hervi se 1 (4 ER6E e Pt aaghofi8 Bl ey als 5fhEyr B 0

requirenent, itergdrk@FBis8Staldnd)\ DL 15 bit rate up to the naxinal
requirement or up to what is avail able. If a current BS (base station)
or any5of the ortiae pseseescthackiRSs vtese iblogtetto I@p@ﬂhmealpt,ombemmnly ed
(base st ati on) S Wele REBIOT R Rl 9% SR ERuIATE0 Siffab it " =5
bandw dt h of seedages B838;optibndlheptear e abl e to provide the m ni rral
application-specific 20 reqw rements, BS (base_ station) executes the chosen
di stri but ed tredisatuisd redig resaurenmRRAgEH tPltgllldIleoBS};O(JB?&sIéafS?‘éiOF@ﬁg tQ ypical ly
sends to the S ni cati on device) the nethod of distribution;
when the first M%@E%qﬁst&g}rﬁrgl ves BS (base station) initiates the handover
nmechand sm | Anctlerdsiethod e asble ftine Klindandovet,oistthaniiekize dandovtedy Bhe (base

station) cIu t he et hod, of _di strjbution and the.service requjrenents.
25 The metHoH gﬁ i o FaBume slofy Hiie arqthod aeee dB<capnal umplemspiaier Andur o

the order ,pf btei}ﬁos@%ta%'ﬂedwﬁéﬁ tifl %lolt anfd 15 %&%{e} %hah%hd&@e@@'in{eo Thﬁeméfﬁ&lmd of
di stributioh decision. In case of a change in one of the variables, the
di st ri but &dlese ctuigabiles tﬁorcamxlnaatdmstlhaWhltllneiddmghodthofovdﬂsad ioff Lthé dandyeyer hanged

accordi ngr&egsatggse an'?iehvgnldonger time are significant impediments. On the other hand, the first

25 process is superior in its complexity and coordination, and provides a clock
synchronizer.

Schemes for enlarging overall network reliability by initializing handovers
between possible serving cells are now described. The schemes for enlarging network
capacity described herein with reference to Figs. 8 - 13 may be employed mutatis

30 mutandis in order to enlarge the network’s reliability. Data is duplicated and sent
several times in each time slot to increase network reliability. In case of loss of a

connection in one of the routes, the other backed up messages can be us,ed instead.



The Distributed mechanismand nethod illustrated in Fig. 12 handl es 30
guaranteed bit rate requirenents different than maxinmal bit rate

requi r emewow12dd70648e requirenent is aZ%uaranteed bit ratreTnemai/o@omnt, the
schenme of Fig. 12 tries to allocate the selected BSs using a greedy
approach sorting the BSs according to the available resources. If the

requirement is a maximal bit rate, it allocates the selected BSs evenly,
tryi ng keepi ngDuplécatadndrta nafy doapdiee ¢re diplicated ;dataf heaten & dwplicatstl dateough

resources, it, allocates.t maxi mum, [ urces of whi.ch it is _capableg.

The S ( nBBRFEmESARTRFiSS o Teatiot RSP Ry coP NUALRR ahd RS PERBRESE: ¢ ¢ ace
i ndi cat escdpigs. When' &eCofothe cbies voroRdsythe deithintis e laaglad tRSsestinmainl @i e

bandw dt h. "When 5 a BS (base station) recejves information equal to its

al | ocat edmsyiignoreall ether instgeges of theppgssragevithajurdicating apgEopext BS (base
station) and achandover. o) [ ni cation device).
It is gppr eci a§lélga%?%alf%htc %gorysggﬁ%nn%sslnélﬂg%mw%ovg lizingéeﬁﬁgg?ul i n enabling
redundant i rnf, ofémlingOthe pArHy mdesdgésvereraltimes ineacts vhilable BB @ise statomyuni cat i on
quality 10 paraneters  such as but not |imted to accuracy and packet | oss.
Fi gs. 18A - 21Usnggsuitzhlecrayopeatinggods sashansip sednisriiadapgedkepdsn schemes
above, whic r LY e r I Emting.
Fo. 18A | o A BpIELEY Ay S b e oo I I iRt A

and/ or st astdanted-obserdceduhananploy Rejpeaaintidegjuseading Hidehnism chadeterizal send UL

data, 15 typically wth additional redundant information.using efficient
codi ni e. bt Basreimbugnts tpn SoRoor e, 40, BRIGRHSBAIRRIRCD (AP i aelpTkda o
transm sspap Qficddachabr e and thdVl 830 Many taterrRBeK Blutd®ivaheblkr &psd tt ed

with sufficient information for the receiver to decode the original
i nf or mat i sovi nd'ipfllt he packet of the CRC e.g. using a small anount of

redundancy. Under K good ¢ch el .condjtiqns this nmethod.i,s typically highly
Lt enaney 20" KE¥ AR g FHeaMIgRL BN LA naP tebhe edEirtet sty b RBRlande,pt el
t he packetyidiayy Riefisitioh th@éd’fwfp@é&idgi iAnR¢ predan desitutendrah ieédr@imca et ess

efficient nodul ation. The efficiency of channel usage per cell may be
i ncr edsedthsypepsiieniion, anasisdpulatpd pethe dahle handover schene where the packet is

fetransmitled SIS Re erfifkhe SRIB0ARRAIGENS! ihELIARS TRgiAR enabl es
ecodi ng the original message®correctly using a frcren coding. In
t he exanpbawdeppessidit debviftg cellsk8Pfnowilskribedids packet #1[ ML801] and packet

#2[ MLB02] to BSO1, BSO01 sends nack nessage [ ML803] and handovers [ ML8051 to
BS10. BS01 senHig- thds pes@i-Pitrrishdiagram PHRgYEEMOYRRE nstovern{ieprdsel t 0 BS10

docodes. pliEs b biaRaa BRdRRRH Htls bRt AU BE i e YO 002] and
30 [ MBO7}equiitendiBFaf sfeadsxaeie netipat b tisansingaowbrdlP netacrb aagtoitg fer [ ML810]

SML1 back, t 0]. o )
ac hie?arc%f?ca} network works. The method of Fig. 16 is similar to the enlarging method

for regular LTE cellular system shown in Fig. 9, however, the tunneling of the

messages occurs between different RAs through different relays. For example, the

load request of RA0O2 may be tunneled through the core to get to RA19, as opposed to

25 a typical cellular LTE where every BS (base station) can directly connect to every

neighboring BS (base station). Tunneling the control messages through several RAs

may add delays that can be reduced by sending at least one of the handover request,

service requirements and the method of distribution earlier than the arrival time of the

next data burst. Furthermore it is possible to use the handover mechanism to enlarge

30 network capacity on a SM (mobile communication device) between different RAs,
such as for example an SM06 handover between RA(02 and RA19 and back.

Fig. 17 is a sequence diagram of an example handover mechanism which may

resides in the CN (Core network). A server e.g. a "know all" server, may reside in the



Fig. 18B is an exanple of |oad cell spreading using periodic handover
and/or a standard Hybrid Automati c Repeat Request (HARQ in order to send
DL data wwolro12zndoi4gi onal redundant i nfbrmati on using ef Pctitemi/emdiong. On
the first transm ssion [ ML812] of a packet, the packet is transmtted with
sufficient information for the receiver to decode the original information
bits of the packet of the CRC using small anmount of redundancy. In the
event t hacorametwdk madsmge be sespopsibleetdr some draglek of schedubng.BHONg sehds t he

next packet. .t herw se, a nack nmessagel ML814] .15 received, ft.he.base

st at i on[ BEOFTIS, gﬁhiﬂfg’y & Ifrﬁﬁ%ﬁ‘éﬁs' t E%W%Xr{d gepe Sﬁbﬁﬁang%veér%etchaer}lsrﬁé? glhebor i ng
base statt@BhBldd Wiehh; eGRdsyRes ndy Rakkethiddbd kbhandyesr brkearndd gl ransm t s
it to the handset[ML817]. The handset whi ch now has enough information to
decode t hbandaver brelesanghirbegeme pbaklgpeek] ML819] . When the serving base

stati recei ves, . age,: | e [ ] e handset
to thceg]ori gi naﬁ%l%%lg" ﬁgt #gn@a%g &gtlkérg. p%g%\é §§4 e@%ﬁ%@eco 'Itﬁlrﬁtg%tg%grt
channel pdegdesysissgctell BIs ;siprdsathndy the l1babepsit af thensleued BPsdfore taniP$e code
correction nmethod. The payl.oad data [I\/IlQOléprraf/ be coded. a%i nt erl eaved
e.g. usi ndPhredeyss seroice geireaIcpisATom the sl BreRiiesommmertionpgsyice)-t He coded
payl oad Lo 8dnbl 3a& oSingf JeML908, ML907, 15
MLOO06, m”g%gfa?ttﬁeﬁgl%g?“ggﬁghgpﬁreﬁg?%r éeﬁﬂto sergrlsng base stations BS10,
BS01, whi ch ¢ nGuatantes® bl Hitetenai ti ng segnent ed bl ock [ ML912, ML1911, ML910,
MLO909] . When each base _station has finished sending the waiting segnented
bl ock1®t hardoGupeniepd Dbdjit ialge handset [ SML1] to the next nei ghboring
serving base s a%n%%ﬂ‘?ittga%bl ock header [ML902]. Wen the handset [SML1]
receives all the“ségmen 0 bl ocks the handset decodes the original
transport bleockianfalgaNBi$rAEi gi nal transport block to a higher transport
| ayer. Fig. 20 is an exanple of transport channel processing of DL
spread over Hesalasgingimethod alosgenihe AR kit wrid possiblecetheriviseet FRIREES The

payl oad dgat 0G1]..i.s.#epli- net i . r serving
Pase ot at Sqotirhg seo s ReiER SRBE WR syl el o IRERF LD

pay! oasi[ VBR@die upBOBE maARAL fequvRaB] or @ thovhamistedildtde.nei ghbori ng servi ng
base stations (BS10 and BSOl.in the ill ust[jat eij eeéglgbpl e). The nei_gﬁ{lbori ng
serving basdf acuirpi S (hase slation)ey any 198 theptherglast % ablsdo Previds r at ed

enbodi ment ; bRy MABRRBAL col iR GAGK 0836 1hal dpid | ni shes
sendi ng t ltlaﬂ%/?/ai |£1e§bsegrrent g%@(g‘%g% a?kggse s%at?on handovers [ P2006] the
30 handsethaSBE (bast atatibe). M@thtrwied thia B (base Saion) sgmbabeawtlabledandwidtthe bl ock

header [ M2002] . ) t.he_handset, [ SML1] recejves.all the.replicated bl ocks
the hands6l HUBASH HE BFY GIRaolt i Shuide BhocRgerhgPRAIPBEPE Rt | ng
met hody angb 3gBdsntt hBS QbiRi fattond 'ROSRQT the B didtrBultighethahisANSRORS | ayer
Fig. 21 is an exanpl e of transport channel processing of UL spread over

base st at slover indiigg 1 2B Seghasgpitatian tipicadly seadsi to theng{owbilg hempapicataeh dat a

[ M101] .be code nd interleaved e. using a st.and caode. correction
ool ut | iSOG oS B REe Bt Bl R A g B BB Treu
bl ock si z@tidtdPhe BanddéPrhecHdRiA it ndPd Bilest THEhIO6d S0 RicendxOEMEdietEd to the
serving base stations according to sliced coding paranmeters [ M102]

whi ch det BSrtbase swamhmglygimgéhwe@pé of disbutien and HesgirCHaGEresieats on. Wien
t he handset ' . | h t
bat choot bl ockdt KBIeE OB HonERhy, MeRtd e B Er bulli et 07 e

net wor k r efeie\BSs dn@21108¢ 1@kdirepdiss thatdemhtoatle Metitidsoftdiribwtion deetsivar kn decodes

10 the original transport block and sends_ the original transport block to a
hi gher t r #8962t changgein one ij the TRE2 ?Sesté‘ﬁtdlﬁtﬂ%ﬁ[ sRhangsm Geraptaads that i ncl ude

a base St alel el {ERliBeicH e BAhEORCAIRM tRf ndfRphynct i onal i ties shown
and descri bed herein. _
The Distributed mechanism and method illustrated in Fig. 12 handles
30 guaranteed bit rate requirements different than maximal bit rate requirements. If the
requirement is a guaranteed bit rate requirement, the scheme of Fig. 12 tries to
allocate the selected BSs using a greedy approach sorting the BSs according to the

available resources. If the requirement is a maximal bit rate, it allocates the selected



The present invention is also intended to include a handset effecting any
15 portion of any of the functionalities shown and described herein.

It is appvecomtgd4shat vari ous enbodi dents of the inventronL®igosoaz shown
and described herein are useful in conjunction with a nobile comrunication
networ k system operative in conjunction with a core network including a
core device and at | east one static base station, the systemconprising a
pl uralityBSs eady totimg kexpsig the duab@0ofjupddar noninell; nfthbérears bettdnongh

conmuni cat i ng Vi.a 1(fmtenglae wi.th the base stati t.he base stations

ons;
i ncl udi ng™aPUrEL pliosAtes ?fﬁmb‘gb‘@s%“tr%‘?sioéﬁ"l\}\ﬂ‘h‘gﬁs@B ni cates via antennae

W th the nobil ¢hsk8t {)xﬁ&ﬁle%%ﬂﬁédﬁ@ﬁ%e%@)ereééi%§ PEhdnHAKAQE M BiYratd first
radi o manager and nobile station functionality all co-located with the base

station f indicatesild bit yate ohtbe sammary of the selecied BSonavaitapleranilwidtla Whesi cal

back-connegid gn to t.he 25 first radi o nmanager, .th Lrst radio nager

navi ngs o pigsneat SeliaEre MohRg ABATPabuloriah bhh sl ol SRR he
nobi | e st pirddoRer 14G6dst @Nleire)t BONBAKRI stAiohN End/ h ahadbeinRdehndridtoahe BRASt one
sel ectabl e static base station, wherein the first radi o nanager conprises a

radi o restoelile wamaieationdgvicelnct i onal ity for receiving information from
and sending | nitofsn%r#égﬁatgﬁ)’thﬁt R shafle? HBRAIRS. a[r?stﬁgﬁxlil' v Shabfag 30
hér “rfovi and for e Met i on to

| ocated with o ng base stations, usi ng I nfor

det er m neratheddne infondtioh @edviddd theraby to be usadlo leghgicatommuaretiomgudlioy be
served by an individual base station associated with the_individual
co- | 086Gt cRARHGICE FfHarebut Nofimitetolog AsOWaEY padr/ PAckeh sy Siieet8A — 21 ¢ js

appr eci at t J gﬂ'am& i j . and
descri bedﬁ es{rr%tigne ar gl ésguucfftsgg?e or rfcélt’?:{a-s%d;(%l %%gﬁgigﬂ%gﬁgﬂfcﬁﬁﬁgﬁﬁt | east
one r el ayillustrateryvad doy netnotehdad todk dynitiag.her t han bei ng served directly by a
base station. [t is,appreciated_.that varioys enbodi nents of the invention
e . as shown it BAGEER Frasale g et pell arSiedning meppis JBIest FEHOt o a wi de

variety 0§taﬂ&h9&|ﬁ%_&f&%mrﬁﬁfci R@péa?@é&l%éigq)}ﬁ@{df% SUYER 8end UL dafdGPP Long
Term Evol ution (LTE), is a standard i'n nobile network technology which
provi d®s typecatly|witwadditidnahraduedant irfemhatpmwusingaefficianteepdifg @26asashiwint / s f or

4x4 ant enpag, .an 2. it/s for .10, 2x2 antenpae, (util.i zi of

pect rum 1 i aid enpobhtns B BF AN RBhE PEPRK hies ' 38Rl Tb

spect rum ugl pigkeé iy Gamsmiesd vithl SBficient thfvemakidd R eRY rdc6ivel foadecbli@sses

have been defined froma voice centric class&lép to a high end termnal that
¢.

supports theeorisinat infarmatian it ofathe paelatiohdhesC ghesinghp smal anupt eEess 20
e oo i 1 S L RIS e BB AR i
packeks Normally i.e. when channel conditions are less than optimal, the packet may be sent
using additional redundant information and less efficient modulation. The efficiency
of channel usage per cell may be increased by using a typically periodic handover
scheme where the packet is retransmitted to another cell. Using the additional
retransmission enables decoding the original message correctly using an efficient
25 coding. In the example depicted in Fig. 18A, SM11 sends packet #1[M1801] and
packet #2[M1802] to BS01, BSO1 sends nack message [M1803] and handovers
[M1805] to BS10. BSO1 sends the received packets [M1804] over an X2 interface to
BS10 which receives retransmitted packet#1 [M1806] and packet #2[M1807]. BS10
decodes packet #1 using [M1801] and [M1806] and packet #2 using [M1802] and
30 [M1807]. Then BS10 sends ack to packets #1 and #2 and handovers [M1810] SM11
back to BSO1.
Fig. 18B is an example of load cell spreading using periodic handover and/or a

standard Hybrid Automatic Repeat Request (HARQ) in order to send DL data with



I ncreased spectrumflexibility, with supported spectrumslices as small as
1.4 20 MHz and as |large as 20 vHz (WCDMA requires 5 MHz slices, leading to
sone probWwermind7odsr ol | -outs of the t¥Echnol ogy i n count PCedLWhen®0ts MHz i s
a commonly allocated anmount of spectrum and is frequently already in use
wi th | egacy standards such as 20 GSM and cdmaOne.) Limting sizes to 5 MHz
also limted the anount of bandw dth per handset. 25 In the 900 VHz

f r equencyadshitiehat cedvadars edfarmation akingreffisients oghuog.t Onghadfirstptransadissoel | si ze
of 5 km sizes wi th, reasonabl e performance,. and. to 10 m cel |

o zes supBar R Reckel dnf BRNET S rRRPHERS N BFED. rtAea o5 Bhe.

hi gher frRrgeeacy Renisthé SHehaPfnfatichibits Bf He)padkd I HIRACRC wiipP@dl hi gh
speed nobi |l e broadband. Inthis case, cell sizes may be 1 km or even | ess.

30 Suppor@méwyt efptidundapcy Hinglthg ev¢ndrihahee aekbinessagtis reepiyeds shdbaseat speeds

f 0 to 500 kmh, | f band
iced. 19 Snast B0 ShacEPel bl hef oo HERGHCHEURR kG, "

start a cakelbagy stitionBS@EI hdadcvetsTMIB18] the Hafdseg SMI 11 iccarmiisaaiglboripd, shoul d
coverage be unavail able, continue the oRer ation w thout any action on

t hei r par basgstatigniBSNOGehehaecenrvbe padet 8] e f@randapivanspats\ibiks such
as cdmaOn I | hgl e

Fr equency&ﬁg{%@w&gm sTkéLe}g'l? ggr‘% V{:hgénh %@?Fl\%lse%%u vlﬁgoz;élag%rgﬁgg%%kf)@we TV
ESi ng t heddtd Esén}dfs hAAtk metss:cage[Ma&DD]i w}ﬁnﬁhe:mﬁﬁg Ibta?rsteitmnfl‘abélivdsl-tbasdd TV ’
roadcast. The atures of E-UTRAN, t air inter e of LTE, are: Pea
downl Yhd P5E88° 1iHap VQ@’L[WQP}"%“&R{?F }Eﬂ?ﬁﬁf’é&o Yhﬁt"é’gnﬁ‘gg‘l‘% SP°/pi t /s dependi ng
on the user eqF‘iing'&tarP %géé{ftrarisﬁé% @@é@sf prBskfE df%l?%’eé‘cﬁox(e?%ggémﬁ

| atency for smal’l 1P packets in optina conditions), lower l|atencies for
handover statbrseoningehicsampletcage ¢cormetiom engthaidt Fhp peyloadidata §dil 60 Honasts

t echnol ogi es. u rt for term nal ving at.up to 350 knm h. or 500 km h
dependi ngc%f‘?dlaﬂilrﬁ&ge@ﬁ%%%ﬁ ‘EMWM CBHF“B’&%“}EBBI%@[&PBE‘JOIH?}% exes as
wel | as hﬁiefco@wdplpe%loEmaw b sddnfented ©UBrddefh& BIoER Sizet [RETYOS! BOM007SUPpOT t
for all fre uenlc\:/f/ ands currently used by I Ml systens by I TU R
15  M1906, M1905]. The blocks are forwarded to serving base stations BS10, BSO1,
which in turn send the waiting segmented block [M1912, M1911, M1910, M1909].

When each base station has finished sending the waiting segmented block it

handovers [P1906] the handset[SM11] to the next neighboring serving base station in
the block header [M1902]. When the handset [SM11] receives all the segmented

20 blocks the handset decodes the original transport block and sends original transport
block to a higher transport layer.

Fig. 20 is an example of transport channel processing of DL spread over base
stations using an example code correction method. The payload data [M2001] is
replicated as a function of the number of serving base station using a repetition

25 method. Next, the replicated payload[M2005, M2006, M2007, M2008] is forwarded
to neighboring serving base stations (BS10 and BS01 in the illustrated example). The
neighboring serving base stations in turn send the waiting block [in the illustrated
embodiment -- M2012, M2011, M2010, M2009]. When each base station finishes
sending the waiting segmented block that base station handovers [P2006] the

30 handset[SM11] to the next neighboring serving base station in the block header
[M2002]. When the handset [SM11] receives all the replicated blocks the handset
decodes the original transport block using a majority voting method and sends the |

original transport block to a higher transport layer



Fl exi bl e bandwi dth: 1.4 WMHz, 3 MHz, 5 Mz 15 MHz and 20 MHz are

standardi zed. Support for cell sizes fromtens of netres radius (fento and
pi cocel | swoup12wo®8100 km radi us macrdtells. Sinplifie#cancivii/esmore e: The
network side of EUTRAN is conposed only of the enodeBs. Support for

i nter-operation with other systens (e.g. GSM EDGE, UMIS, CDMA2000, W MAX)
25Packet switched radio interface. It is appreciated that various
enbodi ment s of Fighél inateerampie ef ganspert shawael prodesgageofi Ble dpiicad ever tase

suitable for application to LTE and/or t echnol |l as to
echnol ogrBoRnBirsR exdhelsteaf SoRRdioR el T pESRRT 4 BT p ey B2
Advanced i&ded afill nt@@ROERE L Olkitd 2R8RTEd (tie)dodbct@n doadblatibealRiIONERS 30
designed to increase the capacity and speed of nobile tel ephone networks.

Its featuthesoded pavieadigsegoenicdio aipredefined theqkasizandtied 08,Ud2 Hiva M2iR6ant enna
L T L
i nt er f acecodiegrpatateterd @21 02\idichndiiterhiite rsvel nidkibldcky afeotb el seitsto eatlexi bl e
Spectrum ggs%gsetatiSo%? Y éx{ \t/hee {1219({5& receives a handover event [M2113] the handset
uploads the next batch of blocks [M2110, M2109]. When the designated address in
the core network receives [P2108] all the segmented blocks the core network decodes
10  the original transport block and sends the original transport block to a higher
transport layer.
The present invention is intended to include a base station effecting any
portion of any of the functionalities shown and described herein.
The present invention is also intended to include a handset effecting any
15  portion of any of the functionalities shown and described herein.
It is appreciated that various embodiments of the invention e.g. as shown and
described herein are useful in conj.unction with 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
20 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
25  first radio manager, the first radio manager having a physical connection with the
mobile station functionality, the mobile station functionality communicating via
antennae with at least one selectable static base station, wherein the first radio
manager comprises a radio resource manager; and functionality for receiving
information from, and sending information to, other radio managers, respectively co-
30 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.



Aut omati ¢ and aut ononous network configuration and operation Enhanced
precodi ng and forward error correction Interference managenent and

suppr essiwo 202s700¥8t ri ¢ bandwi dt h ass3gnnent for FDD 10PpHyhr.iody/GemdA and
SC-FDVA in uplink UL/DL inter eNB coordi nated M MO It is appreciated
t hat various enbodi nents of the invention e.g. as shown and descri bed
herein are suitable for application to LTE-Advanced technol ogy as well as
to technol ogi el ipepwedsic that yanous ambndiments obthetineensibn e fe shawreand 15W MAX

o) oot O ke RSB L B SRS R L2 o

i nclude: servAlish 4idtifed PRSY fatted thaaeingi seived datétlyothida baedtdisndover bet ween
base stations). This is seen as one of the npst inportant aspects of

802. 16e- 2005, Hriglappyeeiped (hat yanonsyarbodimentspb thednygnex e-g- gt shaviyamst t he
Fast Four hggcri{)écﬁr}?efra{xg%{elzlzsataﬁlg Igﬂﬁfﬁgélgc%pgﬁ %%arhd}'\&xgkh mﬁgagﬁz?ﬁgﬁeep the

carrier spacing cons across. channe andw S ypical ly
1.25 MHz, cdmildicatidh théimologied0OFddexpmpleonst ant carrier spacing results in a

hi gher spectrumefficiency in wde channels, and ost reduction in narrow

channel s. Al so39bPkhens EmsEyolyion OB issaresppgard anhgrobPs nBewWisek

mul tipl es;Qf ok %SW L& adehk rebwile Fagrsd andard, but because the all owed
FFT subcarrfnér0 un%ﬂeaﬁsﬁare onFy 12WE31,g512,r 1024 and 2048, other frequency

bands wi | b not Péavdovedext tayestdfe3 26 ainMbitéar for dx4 spwanary andtii72 8 Mbightfonot be
optimal for_ inplenmentations, Adv d antenna diversity schenes, and
hybri & au?@vﬁ‘%?@afe aing °f§86%ﬁqﬂ§%§]e Adaptive Antenna Systens
(AAS) and. M MOpE&CIHIRIdAGEs 0PBEANILRY BorchRANE) MARE bQfecthi LSRY al sEUIOVI NG
I ndoor penetration Introducing Turbo Codi'ng and Lf(;d\;\bl- Densi tygpaggtly Check
(LDPC) antenna.[8] ,

. Five different terminal classes have been defined from a voice centric class up

to a high end terminal that supports the peak data rates. All terminals will be able to

15  process 20 MHz bandwidth.

. At least 200 active users in every 5 MHz cell. (Specifically, 200 active data
clients)

. Sub-5 ms latency for small IP packets

. Increased spectrum flexibility, with supported spectrum slices as small as 1.4

20 MHz and as large as 20 MHz (W-CDMA requires 5 MHz slices, leading to some
problems with roll-outs of the technology in countries where 5 MHz is a commonly
allocated amount of spectrum, and is frequently already in use with legacy standards
such as 2G GSM and cdmaOne.) Limiting sizes to 5 MHz also limited the amount of
bandwidth per handset.

25 . In the 900 MHz frequency band to be used in rural areas, supporting an V
optimal cell size of 5 km, 30 km sizes with reasonable performance, and up to 100 km
cell sizes supported with acceptable performance. In city and urban areas, higher
frequency bands (such as 2.6 GHz in EU) are used to support high speed mobile
broadband. In this case, cell sizes may be 1 km or even less.

30 - Support for mobility. High performance mobile data is possible at speeds of up
to 350 km/h, or even up to 500 km/h, depending on the frequency band used.[9]

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

transfer data in an area using an LTE standard, and, should coverage be unavailable,



I nt roduci ng downl i nk sub-channelization, allow ng admnistrators to trade
coverage for capacity or vice versa Adding an extra QoS class for Vol P
appl i cat iwo=012/070048 |t is appreciated that various enbedrmemisowmha he
invention e.g. as shown and 5 described herein are suitable for application
to WMax technol ogy as well as to technol ogi es possessing sonme but not all
of the above features. The met hods and systens shown and

descr i bedcémsinge thaoperation véthobi esplactien gn their pertt wsing ISMEPRS onrVé- al so

appl i cabl r ot whi ch not identjcal,tg.th i i cati
¥ bt ocor s CERRARERETRYS AvES 8P o Heh 5tan G AT T os T "
comon t her ew Shpport for MBSBWC(Mullticdst Besddcadt | Sisle FRaRRAENNehRITR). MTH ©

i ntended to describe steps of an exanple nethod where, alternatively, a

met hod nmfeaBie surhdeliversasvicesnsuch ab MohiledV sping theokyBE dnfrasiractsreepad isid ust r at ed
and/or.a neth i ' n ﬁ,qﬁ differently ordered. 151t is

apprec? at 8&“?%2 rf?’fapﬁ}’iB%ng%agS%suc 3%%5§mandatory", "requi red", "need" and

"“nmust” refer tOht¢ fMaheeITRUTRAN,DE sie interfate ofLTR] aret he context of a
particul ar inplenentation or application described herewithin for clarity

and are nbdt i nPerkddevrlgadaates ppt fondd% MRIKS jand Aiplead: Eitgratp Ve 1lnplbits at i on,
t he same ﬁé%%ﬁ?%n%%ap‘%‘?’%mﬁg?&% not mandatory and not required or
ate 0 er.

m ght even be eFinmn get 201t is appreciated that software
conponent s of Lbwe datesaemferilateacits (abidSncs lattnoy for smgpllaiPspavketsdatoptimal, i f

desired, be jnplenented in . (read only nenor formincl udi ng .CD- ROVs,
EPROVEO anBOIBHIEE IOV5F qﬁf&pmg%o}deﬁ e Ay CBREHons SFtERpime than i

conput er - pRAIJARLAIPRILWRaIHohefs. but not limted to disks of various kinds,
cards of various kinds and RAVMs. Conponents descri bed herein as software

may, 25 abter nStppost fpr tepmirialgrhevieg tewp wHis0lkyn/bor HAO kingh fepehdingwartks i f
desired, %lSi ngﬁggnv ntional techniques. Conversely, conponents descri bed
herei n as&WEPE%Nay, alternatively, be inplemented wholly or partly in

software, «i f dsgpgordior Y§thFKDIS Ry FID @iiAéxek 8§ il ay aslf-duplek Fibay with thdie scope
of the present invention, inter alia, are electromagnetic 30 signals

carryithg swmpudieraceesadesbhelognst ructions for performing any or all of the
o1 O a0 obufhe APLIRIR, RPN AN ASRFIATSI A Sl ot a0
steps of any oflekitge BRAdWIdS: 1.4 MHz, 3 MHz, 5 MHz 15 MHz and 20 MHz are
standardized.
. Support for cell sizes from tens of metres radius (femto and picocells) up to
20 100 km radius macrocells. }
. Simplified architecture: The network side of EUTRAN is composed only of
the enodeBs.
. Support for inter-operation with other systems (e.g. GSM/EDGE, UMTS,
CDMA2000, WiMAX)
25 . Packet switched radio interface.
It is appreciated that various embodiments of the invention e.g. as shown and
described herein are suitable for application to LTE and/or EUTRAN technology as
well as to technologies possessing some but not all of the above features.
LTE Advanced is a 4th generation standard (4G)[2] of radio technologies
30 designed to increase the capacity and speed of mobile telephone networks. Its features
may include some or all of:
. Relay Nodes
R UE Dual TX antenna solutions for SU-MIMO and diversity MIMO



shown and described herein, in any suitable order; program storage devices
readabl e by machi ne, tangi bly enbodying a program of instructions
execut ablwohyizdieossachi ne to perform3my or all of the eceps0i/ozny of the
met hods shown and descri bed herein, in any suitable order; a conputer
program product conprising a conputer useable medi um havi ng conputer
readabl e program code, such as executabl e code, having 5 enbodi ed therein,
and/ or i nel udi Scplabderpystean banelaadthleacqedogr2dnvitiadeoténallpapftod 69 Mfjz any or al |
of the steps o£ any of the nmet h?dsgﬁ%?m and described herein, in any
suitabl e or der,oﬁlﬁ%’eﬁé’eﬂﬁ‘?@ﬂfm«g et %P ought about by any or all of the
steps of any ofogicTRIRASes ROWaraRsd 568G Radidisr ei n, when performed in
any suitable order; any suitable apparatus ‘or device or conbination of
such, progr ammElkgxible Prectramriysagé one or 10 in conbination, any or all of the
st eps gf any o& thﬁ met.hods shown and descri bed herein, in any suitable
order;> el ect ronfe™ %‘?ﬁagg)s each including a processor and a cooperating
i nput device apdiodatiouhddlitoflEMbenetRErkQPESi Bliratiéh 4l GREHGRM i N sof tware any
steps shown and described herein; information storage devices or physical
records, such Hahaicedpregpdingand lQFWatd $ITOE 6QIEGCHENa conput er or ot her devi ce
to be 15 ¢onfi r ny or all of the steps of any of
t he net hogs sh%&‘n%?eg%%%@gé%égaﬁ%?‘%lf%?sglpﬁ any suitable order; a program
pre-stored e.gAsymmeeitbadwidtloassiment for FBD on networ k such as the
Internet, before or after bei ggﬂgl)%olgﬁgﬂ, whi ch enbodi es any or all of
de

the st@ps®of aRybad OFRMARRAS scribed herein, in any suitable
order, angd theyigbhode.CinmRbfagird Mivéownl oadi ng such, and a system 20

i ncluding server/s and/ or c{)(ls}gnt sl\?{)r usi ng such; and hardware which
perforns any olt ishpprefiateth¢has tvepeuscfmbadymerits bhthensvdntids esghewshandamiescr i bed

herein, in an itable aorder, either al or.in gonjuncgtion w.th
sof t war e. H%‘iﬁ}‘g%‘f#eﬁﬂf‘é’f‘? ?‘Btéggbflo‘éa l%%ﬁom'é%%ﬁeg #@E‘?Og(’%'eisc‘?’?li)% herein
I s i nt endgfhetitholdpidsd8seBafg drRE1ButRF X1 6PIHBUbSVe feurddBChi ne-readabl e nedi a.

25Any conputations or other forns of analysis described herein may be
perfoifred by aVWslMAXDbI(abiwide eliterogerabiliiod forAnyligowpvadedeedsbledishe¥ ei n may

be conputer-inpl emented. The,inventi.gn sho desqr. herei n _may

"ol udb. ( Bee LS palety JBY AR iet Pad Y ok e Bsiny of

t he probl egRus idcfudeany of the objectives described herein, the solution
optionally includes at |east one of a 30 decision, an action, a product, a

service of anyAdfingrsuppdrbferanpilitydeet rang dgrdhbansiopert bpapeqnnpagse sstations). a
positive (- b j i ! 5 in. (

Butput {1 ngtens sl af Do e thod Gl Bp 06t ROPEIRIS Bng B0 MR 1 1
are descr bimdofl MobileWsRIN e xt of separate enbodi nents nay al so be provided
in conbination _in a single enbodi ment. Conversely, features of the

i nvention® i ncPeAling@t tes Fast Ferass drangfprm fFRFtodbs ehangeldbandwidth iy oxder j ¢ he
context o i Icgn%;g? L; i i r : Lded 5
separ at el §/0 gér}e%: {r?fgany su tgggggt)rslu éode %ﬁgﬁf%ﬁhtgg%ﬂaabag‘?ﬁcgﬁse \gél er.
"e.g." isli2sedHhes diiz,il0 Mbke @&isdHa). Conspecedriier pranpresuithirch highenot

intended to be i .thr%/g.. Dlledvi es,.a (gratus r sxstems shown o%ql ed in any
of the dr SRACHHY FAHCRG Pace s m?r}?{seg’g p&AS TS ‘g‘ft‘é? ST RETaY ARt th certain
embodbrenkgowh ad8dhldbie OPHMAISOFAMAY, GRRETKARES ﬁ&tqm\(‘l'tigféﬁl 01 2% VBl Q&S
coupling such as but not |imted to optical fiber, 10 Ethernet, Wreless

LAN, HomeR¢fmedpotherstandar, betrheoatise ghe ablowed &IFIT syhenrder rempbersBirg oRlyd28y GPRS,
Satellitecincludin , Qr other bile livery. Jt. is appreciated that
in the degg’i 1pOltil o%gaﬁg%wiﬁ ﬁrﬁgueélﬁg%ﬁn%sngﬂgél%ﬁ?‘ﬁeeﬁ(aﬁa Zlilen,a??eu Et'Fonal i ti es

descri bedsgicing] WhithmaigRichod be Sptithen®r Afsledeiatistist s t hereof can al so be
provi ded as net hods and steps therewithin, and functionalities described or

i | lustrated asAduaised antenna ivesispschemeseand Aivhrid avtamalis peepreqieged as
syst e_g"(? a@?ﬁﬁ- units thereof. The scale used to illustrate various
el enents In drawings is nerely exenplary and/ or

. Adaptive Antenna Systems (AAS) and MIMO technology

. Denser sub-channelization, thereby improving indoor penetration

. Introducing Turbo Coding and Low-Density Parity Check (LDPC)



appropriate for clarity of presentation and is not intended to be limting.
CLAIM5S 1. A nobil e comruni cati on system operative in conjunction with a
pl ural i t ywof2oormae4si cati on net work nodles, including at IPeadt20onesobzse

station; the 5 system conpri sing: At | east one individual nobile
comuni cator in a popul ation of nobile comruni cators served by the
plurality of nodes; wherein said at |east one individual nobile

conmuni cat or i bittopesing idosvnliok sub-chewrsdizativme allovwng adinmrgstraterel o wadeh a
servi ng node fr?m anon sald\%l urality of nodes 10 using a processor-based

servi ng nBUERSEIFLPEAVIUNLEIY6FEl i ty operative for selecting said serving

node so as to AR&nEaRextrs©o9klady fir Valib aphlradmsdt h to and from at | east one
node whi ch provides the individual conmmuni cator with an acceptabl e si gnal

to noi se rati olt is gppreciatyd thatvari@isregbiogiments plibginvantien gign as shiapvt #l vi dual
nmobi | e coqmuni cat or. 15i soperative t | east eudo-random y,,sel ect said
es %%i;gn#?dg h?rgms ate st taélgnf r dig%)ﬁca%on S %NB tlégrglgic%xe% V\@ép & &

: 0,
serving n e serving nodes hi'n"t he

pl ural i t yteehnol@d@spossedsind\s6iiié bethoaalt of thergovofeatuadsm 1 wherein sai d
i ndi vidual nobile conmunicator is operative to select, at intervals, a

serving node from alkeimeshodsape dastems ethpnig apd dlescréRedi herginnas Hieigs ai d
plurality licgﬁgee;%. J8Pcr?gff{5l°gr§gc1‘c5%gébr9 £&3 %ﬁa&cgﬂe%ﬁprﬁ%%ﬁ %ﬁ%&?%éﬂ hpg to

claim1l reln s [ e c nicator I's operative to use a
| oad- depeiidatidal s¢ hiemmobile cem@ainicadon ps@bolH gparifikallyrmentionsétherin bandi dat e
serving nodes defined within saitg IpI urality of nodes. 5. A system
accor #f nghd's relgyan featyrss ipgcommen JereWifiner ei n sai d set of candi date

Flowchart iltustrations appearing herein are intended to describe steps of an
example method where, alternatively, a method may be substituted which includes
only some of the steps illustrated and/or a method in which the steps are differently
ordered.

15 It is appreciated that terminology such as "mandatory", "required", "need" and
"must" refer to implementation choices made within the context of a particular
implementation or application described herewithin for clarity and are not intended to
be limiting since in an alternative implantétion, the same elements might be defined as
not mandatory and not required or might even be eliminated altogether.

20 It is appreciated that software components of the present invention including
programs and data may, if desired, be implemented in ROM (read only memory) form
including CD-ROMs, EPROMs and EEPROMs, or may be stored in any other
suitable computer-readable medium such as but not limited to disks of various kinds,
cards of various kinds and RAMs. Components described herein as software may,

25 alternatively, be implemented wholly or partly in hardware, if desired, using
conventional techniques. Conversely, components described herein as hardware may,
alternatively, be implemented wholly or partly in software, if desired, using
conventional techniques.

Included in the scope of the present invention, inter alia, are electromagnetic

30 signals carrying computer-readable instructions for performing any or all of the steps
of any of the methods shown and described herein, in any suitable order; machine-
readable instructions for performing any or all of the steps of any of the methods

shown and described herein, in any suitable order; program storage devices readable



serving nodes includes all nodes sufficiently close to said individual

nobi |l e 25 conmuni cator as to adequately receive transm ssions therefrom

6. A systwonarxoo@Bng to claim 1 and 3 so including a fiPcstLIadesohzeom anong
the plurality of nodes which is serving said serving node and which is
operative to transfer itself to a second node fromanong the plurality of
nodes i ncl udi ng sel ecting said second node so as-to inprove distribution of
t he popul by machioé, taugibly endodyingmprogramaf snsimetionsrexepitahla by the machindes. 7.
A system according to ¢l aim6 wherein | d transfer copprises handover
process. i3‘1)81.’e étha coié%ftﬁ%‘g ?efroané’ I oﬁﬁff 8‘%95’3? éﬁ‘%w%%[?dgg?sfgﬁesdf lgelrelélbrrpri ses
a cell rem &8l attabRMNorREDCLSEMpEBr Propyfih PRORRE 66iHpikdnd @ colnputer Gisedbey €i n t he
plurality of nodes includes at | east one relay. 10. A s%/stem according to

cl ai m 1 whediaim haying semputgr feadable pregramagades sipahi asgexeswable qodes haying

functional] ] t i ' ' Lal kndi.vd I
conmur caf BRI Gl InduBRT Cofkl RAGRTL HRBbd Kbl |
portion oimgar dil srtké RBgpsH ol ang eif ahé ntwthdds vhbwanmldi degerited| leeeiheth agntral |y
in a core servi ng@t he base stafion serving said indjvidual conmunicator.

12. A sysbWifblecuderaieny tachnicplatiects tipnaheabpUi by | ay<r af of e stens o6Ankaf d
Serving ”%%éﬁ&&%b% aBHEl%%fBQ@héﬂeMl, I\Rﬁleé?)i%ﬁ'&d?l\%dgg aaiiiy sGitdble Sflel.CnyPY at

| east one base station an servi ng sai conmuni cat’or. 13. A
nobi | e cosaitablecpparatus oy dedne opematinateniaf sedn prograrmed W pdrfeamphlonabs t y  of
communij cati on networ k node including at l.east gne base station, and a
Dopul 43 offt GHMHBHIMNe ABRRAN s Seps A vBy ofhs rethgrissarrt snbAestBbet ¢ he

system COREinSifGny suitable order; electronic devices each including a processor and a
cooperating input device and/or output device and operative to perform in software
any steps shown and described herein; information storage devices or physical
records, such as disks or hard drives, causing a computer or other device to be

15  configured so as to carry out any or all of the steps of any of the methods shown and
described herein, in any suitable order; a program pre-stored €.g. in memory or on an
information network such as the Internet, before or after being downloaded, which
embodies any or all of the steps of any of the methods shown and described herein, in
any suitable order, and the method of uploading or downloading such, and a system

20 including server/s and/or client/s for using such; and hardware which performs any
or all of the steps of any of the methods shown and described herein, in any suitable
order, either alone or in conjunction with software. Any computer-readable or
machine-readable media described herein is intended to include non-transitory
computer- or machine-readable media.

25 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 includes at least one of a

30 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.



processor-based serving node selection functionality |ocated in a base
station 20 serving an individual communicator from anong the popul ati on of
nmobi | e cowouni2zab@ss, said serving notke sel ection functipomalionyoiveiong
operative for selecting a serving node, fromanong Said plurality of nodes,
with which at |east one individual nobile conmunicator at |east once
associates itself, so as to increase use of available bandw dth to and from
at | east one nbehturghiof Hthe rigededie snventon rnuhioh dualdeg@ihed mmu Hiec serdextwpt h an
acceptable signal.tpo noise ratio. _14. A nobjle.comunicatign system

oper at | ve PR ERPIn Ao Pigy dep ot CORPIBITL N £ SR HBIBT nodes,

i ncl udi NgCafhiverRAS eddites HARE irfledtion inchiin@miethod |sadpk Oithioh afdiekdribed for

communi cators served by the plurality of nodes, the system conpri sing:

pr ocessor bigEke i Berophieyt pbesinglel eehadyment i dn jacisapin grdpiomay &g pE@idedal [y in a
core Ser Véeﬁgraietﬁ‘f oP"i‘lﬁ %@tsﬁ‘ﬁéb%‘ subtBiSlafoh g iﬁraogﬁt%?e% 0 @e???“e.%.erié’ 39&1 node

sel ectl on™funct1 onari I's opérative tor selecting a serving node so as to
i ncrease hgeinoin theéasdnadlof D gpedificd txarisle awlsich rio moatinleadslt tobe lidiagwhi ch
provi des at |east one individual 5 nobjle commynicator, fromthe popul ation
of nobi | eDevkshAPRAERBY 8F sYgRmsshownscoupled yny pé theadiawiiesmaynin faFt e an

accept abl i alel; i [Nale TRV nobi | e
commun; cal i R8T lnd 2 SRS BlaiBlrh n ofRER chitBaPert P RaPBE HACLVEL R o

conmmuni c adppoopriayes tvdaradope matelese donplimgn jsuehe bis drmit wiot Hinaitqal ¢ @iptical filfer,

comruni cag.i.on netwoyk i din t | east one.base_stati nd a
popul ®io thfﬁ‘e.&f FFB%?SI Egg‘gﬁi%&%o?%‘gﬁl%&owuwﬁ@% GFlélpﬁ‘f’T’g{‘bgodes, t he
system COBRIckrRO9GPRS, Satele&ﬁlélﬁéi‘ﬂgmﬂég)g oftRF WoBfle QO v 8t RCippRRiated

functionality located in a relay served by the at |east one base station
and servi thgt am therdescrigtion amd bdrhwings neowincartdodederibed dwreiy funetigpeptiesat i on of

nobil e co nj cat or rein the processor-hased seryi ng node,sel ection
functi ona@%?ﬁqdzOBH@g%Qe/eaﬁ SYSURY g’&‘?iSH yuRit g}eﬁo gcaﬂo%seo, 9? PENI9S %ong t he
pl ur al i t ymethod®gaBstepd thérewhthiahaddRinttishaltiieldscrespdradnilgabed & metagd once
associates itself, so as to increase use of avail able bandwidth to and from

at | edst @mkstensdberaitkin cpr alsp be pravided; asgysieweand subnnitsiteereess The saalean

accept abl sed! gnﬁlus{rgte n\%tn‘%%s reéf%rh&‘t %& tijié6 d%‘a\gfﬂgp l{% Ghieffe ﬁlL.rg cQPEuNI cation
system serving a poptl ation of nhobiTe ¢onmunicat ors using ‘a coniruni cati on
net wor k capopridtd1fhr dlapikyud fpredeytatibn ambisinet tosnided tchd limiftinget wor k nodes whi ch
i ncludes at | east one base station serving the popul ation of nobile

comuni cators, the system conprising: at |east one individual nobile
comuni cat or from anong sai d popul ati on of 25 nobile comuni cators
operative to enhance quality of information flow ng over at |east one of
its downlink and uplink channels by at | east once sendi ng
processor-identified mutually redundant information over a set of at |east
first and second serving nodes fromanong said plurality of nodes. 18. A
system according to claim 16 wherein identical data is sent to said first
and second nodes.



19. A systemaccording to claim18 wherein first data is sent to said first
node and only a subset of said first data is sent to said second node. 5
20. A syswemeawendi ng to claim 19 whein said first dacaicoapoisss a
sequence of packets sent to said first node and said subset conprises a
subsequence within said sequence which is sent to said second node. 21. A
system according to claim 16 wherein said quality of information is
enhanced in t hel.Ap¥MSbability of packet delay is reduced. 10 22. A system
according to claim 16 wherein said quality of information is enhanced in
that probability of packet loss is reduced. 23. A systemaccording to

claim 16 wherein sapdnBaé i donmiini¢dtbAr §BickD Bpt&tied HAaNER{urictioh haith accur acy

of packets received is increased. 24. A systemaccording to claim 16

wher ei n spiuenlioaf icopnamidatien na@tdrs mofes, imdvding @b deasihornhasepitaiabithd ty t hat

packet 1)l be rej.ected is decreased. 25. A systemaccording to claim1

and aliom%yﬁ%:elnh P?\lgh?lﬁ " popul ation of nobile communicators. 26. A system

according to claim1 and also including the plurality of nodes. 27. A

syst em accor di At l¢ast ohaiimdigiduwdlemebite semthunivdioviidual pemidtion eformabilecat or

20i s opergtive to ﬁ@fiog%cgg;m %gkec %he serving node fromthe set of

candi dat e Wlﬁﬁto oges’ Y 2E PA VS?er}% Secor di ng to any of clains 2, 3 or 4

wherein said set of candidate serving nodes includes the plurality of

nodes. 29. A whetkesnsaatatdeakt wge fmmlivdyal gholgleaiomen@yicBooiis dpeshtevecfionatsai d set

of candidﬁte C e . . . .
east once associating itself with a serving node from among said plurality of nodes

10  using a processor-based serving node selection functionality operative for selecting

said serving node so as to increase use of available bandwidth to and from at least one
node which provides the individual communicator with an acceptable signal to noise

ratio.

2. A system according to claim 1 wherein said individual mobile communicator
15 is operative to at least pseudo-randomly select said serving node from a set of

candidate serving nodes defined within the plurality of nodes.

3. A system according to claim 1 wherein said individual mobile communicator
is operative to select, at intervals, a serving node from a set of candidate serving nodes

defined within said plurality of nodes, on a round-robin basis.

20 4. A system according to claim 1 wherein said individual mobile communicator
is operative to use a load-dependent scheme to select said serving node from a set of

' candidate serving nodes defined within said plurality of nodes.

S. A system according to any of claims 2, 3 or 4 wherein said set of candidate
serving nodes includes all nodes sufficiently close to said individual mobile

25 communicator as to adequately receive transmissions therefrom.

6. A system according to claim 1 and also including a first node from among the
plurality of nodes which is serving said serving node and which is operative to
transfer itself to a second node from among the plurality of nodes including selecting
said second node so as to improve distribution of the population of mobile

30 communicators over the plurality of nodes.



25 serving nodes includes all nodes in said network sufficiently close,
geographically, to said individual nobile conmmunicator as to adequately
recei ve twansmesidns t herefrom 30.4IA system accor di ngcraLzanyohec| ai ms
2, 3 or 4 wherein said set of candidate serving nodes includes all nodes in
said network sufficiently close, topologically, to said individual nobile
comuni cator as to adequately receive transm ssions therefrom 5 31.A

syst em ac@or di Agsystenc hedondifig Wi elagnrd sertirs saiditrapsfeo dempsbasca hamlover
functionality is operative: to identify a set of nore than one node
whi ch eacﬂ“ﬁ&ﬁvides t he individual conmmunicator with an acceptabl e signal
to noise ratio, at |east one of which cannot provide the individual

conmmuni cagor ' sAbstm dtdordiagub raaent, wherdinndaid etansfeheorhPrisesaa lcalblre-
bandw dt hs bet ween said nodes and sai d individual comrunicator together at
| east equsileQN@THH vi dual cormmuni cator's bandwi dth requirement; and

to select said nodes in said set for said individual comunicator such that
sai d indi gi duals geEmdtceding toakimcs ahesin the phiralitg @ @oddsahtludesi dt leagch of
said nodes in said set thereby to satisfy its bandw dth requirenent. 1532. A
system ace®F§a¥g to claim 16 wherein at 1east a portion of contro
functionality enployed to enhance quality of information by controlling

sai d mutuahl X gyedmnsRbiding {PEIERE iI10RhérSinl 0L A pditien BASEdSeAlin®Ro&er Vi NG
sai d individual communicator. 33. A systemaccording to claim1l6 wherein
at | east selesioni denceipnalint isolloctedf URcei dad i ttatioanpseoyed el dagiikial qual ity
of infor i ontrolling said nutually redundant information is

| ocat ed gg%b&@?¥§m?n a core serving the base station serving said

i ndi vi dual comuni cator. 34. A systemaccording to claim 16 wherein at

| east 1& pditAmystem acsarding tof claimn ilowb¢reinyatdagst @ypattion of shidrietviegiabde y of

informatio ) ntrolling,;sajd nutual l.y 25 redundant. infornmation is

| ocat ed 1 ectbpfoBp PGl PHBARY o o Pud SPVPERR A EHER 6 S

i ndi vi duakaig agdong @b@municdfr. A conput eri zed nobi |l e comruni cati on system
serving a popul ation of nobile comunicators using a comuni cati on network

conprising,a,pluralit f ile.co nication nef.work nqdes .which includes
ot Teast oheAbadeRiditidre Boroisd SERAR:Y 50 BEON obFAHs ik node
communi cakQéctiont IBctiMaki§s A6¢HEd &l AGelay served by at least one base station and

15  serving said individual communicator.

13. A mobile communication system operative in conjunction with a plurality of
communication network nodes, including at least one base station and a population of

mobile communicators served by the plﬁrality of nodes, the system comprising:

processor-based serving node selection functionality located in a base station

20 serving an individual communicator from among the population of mobile
communicators, said serving node selection functionality being operative for selecting

a serving node, from among said plurality of nodes, with which at least one
individual mobile communicator at least once associates itself, so as to increase use

of available bandwidth to and from at least one node which provides the individual

25 communicator with an acceptable signal to noise ratio.

14. A mobile communication system operative in conjunction with a plurality of
communication network nodes, including at least one base station and a population

of mobile communicators served by the plurality of nodes, the system comprising:



processor-based control functionality, enployed to enhance quality of
information by controlling mutually redundant information, and | ocated in a
base st atwonoparvi4ag at | east one i nddi dual nobil e comramiiczonsohzeom anong
sai d popul ati on of nobile comruni cators, 5thereby to enabl e the individual
nobi | e conmmuni cator to enhance quality of information flow ng over at | east
one of its downlink and uplink channels by at |east once sending said

mut ual | y r edunprandssorrifasedradriving roderselkcgat fofctianaliteakicated r s¢ntmilyg isecond
serving nodes from anpn aid plurality of nodes. . 36.. A cqnmputerized

nobi | e coffiftifFo4ns HWNEVgtSE?H"?e eHE™ éh%B’ﬁﬂfF%f’f'g?Fegfse%’ﬁg I@gié%ﬁmni cators
using a CRINBEGHaGAL i @Perdfl Rk Kel6QHRM s‘éhﬁ% Roddl séradkd Inércdbe WRRIflaGailable

communi cati on net'work nodes whichincludes at | east one base station

servi ng skandwidth ub sandoftomf atnheist |ome cwdaumhict tpoeddest #eleast sanem indivistuaki ng:
processor-bhased control functjonality.. enpl oyed to enhance qual.i,ty of

i o it 1 BROR, ceBRbPisior SR A oy el Barot i SRRSOt ed
central | ysdriedly the BaseEste@iny with dnhRc&asste Sigadli tomoise ratio, viHear ¢yt l@senabl e at
| east one individual nobile communicator , from anong said popul ati on of

nobi | e coerfinflividugl mobilh¢ammpmricajer asseriggs itself wisks dhasteatingnode o enhance
quality of information flowi ng over at |east one of its downlink and uplink

channel s by At mb&igS boRR®RicEES kiigers Apdrativt Ua! dojuneGo St a i phraLifyBsf on over
a set of at 20 least first and second serving nodes from anong said

pl ur al i t ycaphmpoidetion negworkmaslesipngleding atileasiisine dbaswstaiien and iaopopylatiam ser vi ng
a popuyl ation of nobile. communi gat Qrs_usin C njication _network

conpr 151 ngt BoBile PRI Gie PR ey T R RS ETh SEBERECh i nci udes
at | east one base station serving said popul ation of nobile conmmunicators,

t he system conpuocessorgbased prrving swde stlestma fuoetianelityflocated onaldlay sereedl oyed to
enhance qual,ity . of informati.on by control.lin tually redundan

0t o nat 1 Batte 4Ltk G PRt ARy 55V 0e Beauigydt mPRle forBREREABE o on and
serving ammbilitd pophlaGHNGENIKGHIRN cdh@thiRaBRY Saictein ORe | RbiRsordasdmbi | e
communi cators, once sending said nmutual |y redundant information over a set
of at | easarvihg mede spldctiamcimationatity isgoneerivs 1or seleeiingny seraing Rdgr fom y of

| ¥ _ Biial igpmeues Pr eriecinang ssaing pidr o y of
Commuh catines SeBiEER GIRREE, P s BeThdRICRRLSELS MR LRE., TOne ©

sai d ser vagigeinaslaistIfosm a3 tb sek@ke agnsli availsbls bandwigthnodas frdef atnedt vad hi n t he
lurality of nodes.
P ynode which provides the individual communicator with an acceptable signal to noise

ratio.

20 16. A computerized mobile communication system serving a population of
mobile communicators using a communication network comprising a plurality of
mobile communication network nodes which includes at least one base station

serving the population of mobile communicators, the system comprising:

at least one individual mobile communicator from among said population of

25 mobile communicators operative to enhance quality of information flowing over at
least one of its downlink and uplink channels by at least once sending processor-
identified mutually redundant information over a set of at least first and second

serving nodes from among said plurality of nodes.

17. A system according to claim 16 wherein data is sent to said first node and

30 redundancy information derived from said data is sent to said second node.



39. A systemaccording to claim 16 wherein said individual nobile

communi cator is operative to select, at intervals, at |east one said

servi ng nedeofroom4a set of candi date 4®rvi ng nodes defi ret/meoaibivozai d
plurality of nodes, on a round-robin basis. 10 40. A system according to
claim 16 wherein said individual nobile communicator is operative to use a
| oad- dependent schene to select at |east one said serving node froma set
of candi d&8.eA sgstommagcoditestodaddinéd whethinnidsatic] dhtarialsérntyto chidnfdeand 41. A
system according,to claim1 or claim16 wherein said nobile comuni cat or
conpri sesseéo?éef’ dfone. 15 42. A system according to claim1 or claim 16
wherein said nobile comruni cator conprises a cellular telephone. 43. A
syst em act@r di Agystomcdcadrdink torcladmdiSrwhseintesteiata is acrd tonedidubirdk nopeast es usi ng
an LTE standard ,46. A system according to claiml or claim16 wherein
sai d net wBRIR asPRehPERIDHISE data {5 sentipriRd st 8 45. A nobile

communi cati on system operative in conjunction with a plurality of

comuns caR.ol spsemaickordinges, claimcl Udihagimsaid dastdatn@niaies atsaqueace ahd a

popul ati on of nobile conmuni cators served by the plurality of nodes; the
syst em coRFKESisat tor 33ed Byst peds and spid subsshcagPases;a stbserygrce Ehinastshg t he
pluralityof.nades puEh b Saidlehlihbdy @ serving node from among said
plurality of nodes an(f whi c?"l is operative to transfer itself to a second
node from anong the plurality_ of nodes including selecting said second node
so as to Phphsvdeniaseariingite slpimflor macisgpsaidandry of inHpmpationds sahaaredat or s
over the ROV . ereby to enable at | east one

i ndi vi duaﬁl%@rf’fé&ﬁé@%‘%ﬁ%ﬁ%%ﬁla% i r?%eCE%opul ation of nobile comunicators to
at |east once associate itself with the serving node using a =
proced@or 2based systam rigeording terlagni n et omdl qualito pé riaformatidn is

sel ecting i eryvi.n t,o_i.ncr.ease use of avail able bandwi dth to
and from 5‘?1%%97@3&%{&ggoeb%ﬁg@yegff)%a%%ﬁ lgsrségfe 1el(ge "he individual comruni cator

wi th an acceptable signal to noise ratio. 46. A conputerized nobile

comuni ca3.on Aesystan seewiding o plopul kt | whersin said quality of information is

enhanced in that accuracy of packets received is increased.

24. A system according to claim 16 wherein said quality of information is

15  enhanced in that probability that packets will be rejected is decreased.

25. A system according to claim 1 and also including the population of mobile

communicators.
26. A system according to claim 1 and also including the plurality of nodes.
27. A system according to claim 3 wherein said individual mobile communicator

20 is operative to periodically select the serving node from the set of candidate serving

nodes.

28. A system according to any of claims 2, 3 or 4 wherein said set of candidate

serving nodes includes the plurality of nodes.

29. A system according to any of claims 2, 3 or 4 wherein said set of candidate
25  serving nodes includes all nodes in said network sufficiently close, geographically, to
said individual mobile communicator as to adequately receive transmissions

therefrom.



nobi | e communi cators using a conmuni cation network conprising a plurality
of nobil e communi cation network nodes which includes at | east one base

st ati on Mozermi7agssai d popul ati on of 4hobi | e comuni cat ecs/ILiheoseeichod
conpri si ng: using at | east one individual nobile communicator from
anong sai d popul ati on of nobile comunicators to enhance quality of
information flow ng over at |east one of its downlink and uplink channels
by at | eas0. ondesystendagegrdmgtoeanyoet ¢laiorst 2,f3 ed4 mitencih [sgidrssti ah dandidate
information over .a setf ,of at |east first and_second 15 seryin odes from
anong sai SFTPPEARAFY iR e%ﬁlgélgqeszf?.sﬂldnrb%m’r sé‘(gﬁr‘ﬁﬁ?ﬁt yc%tlf’?eoﬁo ?gi%’&f}ogoer ative
I N conj unedill OdWIdIAl Snebild dbmininRfatdz O MY NoC addgRRteRLtrv@ite RRAESHIssions! udi ng

at | east one base station; the method conpri sing: provi di ng at
| east onetherpdiom.dual nobil e comunicator in a popul ati on of 20 nobile
comuni cators served by the plurality of nodes; and usi ng said at

| east onesjndi ¥i dyabmmMabidr@ing OMEMiSAI0TwHcEin akaill €qVinQNASIASSREAG | NY
itself with a serving node fromanong said plurality of nodes using a

pr ocessor firatienhliteiswpagtinede sel ection functionality operative for
selecting said serving node so as to increase use of available bandwidth to

and fromat | °35 deHfy é%Fmidﬁloi@{h%H o%%héigﬁéAlhﬁacih OBViidE’sUﬁle i‘ﬁgmml'ai cat or

wi th an acceptable signal to noise ratio. andover nethod conpri sing:
per f or m ngomatuheatet wothean aiceptalle dignsly tochwismiatiodat sedtenalofdvihendomet of at
| east one nobjle station.in a cellular netwark. . 49.. A, net hod

accor di ngPt'€l glfm‘ Vl&ﬁérwgﬁ?aﬂoﬁ %ibﬂli‘f"g& TEIHiREMEBhi Wy WhEEth dRK)| ed
handoy@r bsailaBlettiafi®ARYbedws R M&T ndRS ahe daidIndiviREEchmbmgateLldgethef

net wor k. 50. A handover nethod according to claim48 wherein said

handover fisleast pguad bayd irslividual communicgtor’s dandwidgureguicemetitngnd o cl ai m 48
wherein said handover is initiated

to select said nodes in said set for said individual communicator such that said
individual communicator associates itself sequentially with each of said nodes in said

set thereby to satisfy its bandwidth requirement.

15 32. A system according to claim 16 wherein at least a portion of control
functionality employed to enhance quality of information by controlling said mutually
redundant information is located in a base station serving said individual

communicator.

33. A system according to claim 16 wherein at least a portion of control
20 functionality employed to enhance quality of information by controlling said mutually
redundant information is located centrally in a core serving the base station serving

said individual communicator.

34. A system according to claim 16 wherein at least a portion of control
functionality employed to enhance quality of information by controlling said mutually
25 redundant information is located in a relay served by at least one base station and

serving said individual communicator.

35. A computerized mobile communication system serving a population of mobile
communicators using a communication network comprising a plurality of mobile
communication network nodes which includes at least one base station serving said

30 population of mobile communicators, the system comprising:



by an initiation process which is seaml ess to the nobile station such that
the nobile 10 station does not know the handover process has been

acti vat edwo 2012/070@8. A net hod accordifg to cl ai m 48 whereirnLmai/osohzndover
is initiated by an initiation process and wherein the nobile station knows
of and takes part in the initiation process. 53. A nethod according
to claima48 wherein said initiated, synchronized, 15scheduled, tine slotted
handover is i npmocessersbasyd sedntrahr Rintoenatind emplayediste snbanconquality hef cel | ul ar
net wor k. t cordin cl al m 48 whe aid initiated,
Cynonr oni PAemaER el e AU G0 eyt RbonnAt] Redirdnp s W vor

| ocat ed i gatfort QERingf at MRASCBh¢ UhdVidAST Ydble cdRihuficiendeavar af@hfioRdid niti ated
by a server located in a core of a cellular network. 56. A net hod
accor di ngperslationiom rsebilgronenyniesens, i niti at ed handover is schedul ed.

57. A nethod according to claim56 wherein said initiated and schedul ed
25handgver is irkfdysh Bhiitd the MAVAAP B0 EARRERAIo 2014HARA0F MY of | 59 A

nmet hod according to claimb55 wherein said cellular network is an LTE
cel | ul ar mwéerwatikn flowing over at least one of its downlink and uplink channels by at least

once sending said mutually redundant information over a set of at least first and

second serving nodes from among said plurality of nodes.

36. A computerized mobile communication system serving a population of mobile
10 communicators using a communication network comprising a plurality of mobile
communication network nodes which includes at least one base station serving said

population of mobile communicators, the system comprising:

processor-based control functionality, employed to enhance quality of
information by controlling mutually redundant information, and located centrally in

15  acore serving the base station,

thereby to enable at least one individual mobile communicator , from among
said population of mobile communicators, which is served by the base station, to
enhance quality of information flowing over at least one of its downlink and uplink
channels by at least once sending said mutually redundant information over a set of at

20  least first and second serving nodes from among said plurality of nodes.

37. A computerized mobile communication system serving a population of mobile
communicators using a communication network comprising a plurality of mobile
communication network nodes which includes at least one base station serving said

population of mobile communicators, the system comprising:

25 processor-based control functionality, employed to enhance quality of
information by controlling mutually redundant information, and located in a relay
served by at least one base station and serving an individual communicator from

among said - population of mobile communicators,

thereby to enable the individual mobile communicator to enhance quality of

30 information flowing over at least one of its downlink and uplink channels by at least



60. A nethod according to claimb55 wherein said cellular network is a

hi erarchi cal cellular network. 561. A nethod according to claim57 - 58
wher ei n swodoimi7ve4at ed and schedul ed 4andover i s synchr eQiraezdi1/050026 62. A
met hod according to claim50 wherein said cellular network is hirerachi cal
cel lul ar networKk. 63. A nethod according to claim50 wherein
said cellular network is LTE 10cel | ul ar network. . 64. A net hod

accor di ngotice sehding a8l whnewadly redandidni nifomadtieod ared assteddtddashdistoarsl | s dat a

size determ ned . 65. A net.ho ccordi to any of clainms 48 - 64
and al so 8ﬁﬂﬁ$$§WH§nB@?ﬁE“%é?ﬂ“%ﬁﬂ@Bﬁ%@“Y8£@ﬁﬁgnce expl oi tation of at |east
one radi o resource of at |east 15one cell in the cellular network.

66. A netbdtd ascystdnrgcérdingltaict#ih 16helice¢in ssidiindiv@dalanokifotomoeuticatiyr | Ses

tinme. . 67.. A method according to ¢l ai n65 wherei.n said radio resource
conpri sesiSfARSERL¥R Y at @eﬁa%sw%@ﬂ%nlaé@f?ﬁmwga%t O 865 WP OB d radi o

resourge %WEiﬁﬁﬁteos%}Aﬁ%%ng&sée R ACHO PRIy bPnafi, Of clalms 48 - 64

and al so conpri sing usi sai dover to enhance at |east.one
characteristic of nobile station transm ssion/ reception perfornmnce.
A system according to claim 16 wherein said individual mobile communicator
is operative to select, at intervals, at least one said serving node from a set of
candidate serving nodes defined within said plurality of nodes, on a round-robin

basis.

10 40. A system according to claim 16 wherein said individual mobile communicator
is operative to use a load-dependent scheme to select at least one said serving node

from a set of candidate serving nodes defined within said plurality of nodes.

41. A system according to claim 1 or claim 16 wherein said mobile communicator

comprises a telephone.

15 42, A system according to claim 1 or claim 16 wherein said mobile

communicator comprises a cellular telephone.

43. A system according to claim 1 or claim 16 wherein said network operates
using an LTE standard.
44. A system according to claim 1 or claim 16 wherein said network operates

20  usinga WIMAX standard.

45. A mobile communication system operative in conjunction with a plurality of
communication network nodes, including at least one base station and a population

of mobile communicators served by the plurality of nodes; the system comprising:

the system also including a first node from among the plurality of nodes which is

25  serving a serving node from among said plurality of nodes and which is operative to
transfer itself to a second node from among the plurality of nodes including selecting

said second node so as to improve distribution of the population of mobile

communicators over the plurality of nodes,



WO 2012/ 07004850PCT/ 1L2011/ 050026 71. A nethod according to clainb9
wherein said characteristic conprises diversity. 72. A met hod

accor di ngvoaodEgpe9 wherein said chadacteri stic conpri SEI/ILBHAUNDATICY .
573. A net hod according to clainb9 wherein said characteristic conprises

| at ency. 74. A nmethod according to cl ai n69 wherein said
characteristic conprises power consunption. 75. A net hod
according to cthafevhsﬁQto/vIz:ﬁatﬂé nats beiast ohariadivetuak trhabilk0 comrrmtﬁ(s'@s MO \ileger

spectral den . A.nethod according ta a | ai s 48 - 64 and
56, CompPIRIHgHAS; HEbiL: P HAHGOVS 0 LIeEm M SRR dRr P B B5reatng cast one

backhaul I pgger @SRYT £ Hr&fesdol®asell LeMidh ﬁlﬁfev‘ﬁé’l&tlon functionality opérati®d fed

according to claim 76 wherein said cellular network 15 conprises an LTE
net wor k aseleoting isaid rselszm@hdda@k atd inprgasearso of swileblehandekitisio andifeant ate

capacity. 78. A. et ha cordi.ng.to cla 6 wherein said.cellular
et vork clpsabdenhicFRRatenbE hain cParRL R PR rEEL ce
conpri sestodideths.f ace capacity. 2079. A nethod according to clains 48 - 64
wherein said initiated, synchronized, schedul ed handover is enabled using
high pri Oérlé.t y Xt %Qrggtrltgnzh %ndo\()ele go%lrm&mcatlon method serving a population of

mobile communicators using a communication network comprising a plurality of

mobile communication network nodes which includes at least one base station

10  serving said population of mobile communicators, the method comprising:

using at least one individual mobile communicator from among said
population of mobile communicators to enhance quality of information flowing over
at least one of its downlink and uplink channels by at least once sending processor-
identified mutually redundant information over a set of at least first and second

15  serving nodes from among said plurality of nodes.

47. A mobile communication method operative in conjunction with a
plurality of communication network nodes, including at least one base station; the

method comprising:

providing at least one individual mobile communicator in a population of

20 mobile communicators served by the plurality of nodes; and

using said at least one individual mobile communicator for at least once

associating itself with a serving node from among said plurality of nodes using a
processor-based serving node selection functionality operative for selecting said
serving node so as to increase use of available bandwidth to and from at least one

25 node which provides the individual communicator with an acceptable signal to noise

ratio.

48. A handover method comprising:



80. A nethod according to claim79 and al so conprising using said handover
to enhance exploitation, in parallel, of nore than one base station

25backhauwvorgii7msr esour ce. 8148 A net hod accor di rgTtiD20a0950016 Cl ai ns
48 -64 and wherein backhauling information is used to nake a decision to
initiate said initiated, synchronized, schedul ed handover. 82. A

met hod according to any of clains 48 - 64 and wherei n backhaul i ng
i nf ormati on i sparfoeingmt dedstore el synchroniredf svhedwed baridoier oftag tkast
synchroni ze 83. A nethod according to any of

cl ai ms 48°% ’Bﬂblfe(ssgaq’é’g ln?ﬁnglﬂ%r5net‘79rk 78, 580 wherein said initiated,

synchroni zed, schedul ed handover is perfornmed periodically. 84. A
system according to claim1 or claim16 and al so conprising a hierarchical
comuni cation network including a tree of comuni cati on network nodes,

ncl uding at | gast 808 MAPRSIAL Acd0YR Sava G AEENILAGIRRha m B4

wherein said hierarchica netvvor iSs Wrel ess em accordl ng to
cl ai m34 svhedidedhadoderhs mittatehbcabernativentdd iaarprd sfthe aesihﬂhrlﬂERMdknet wor k.
87. A systemaccording to claim1l wherein said individual nobile

communi Gat or. | & OPERALL Ak A Gleor b ICUAN 4 TRl S0 FndSEYRC"

m ni rum and maxi mal erval Ser Vi roma se candidat e
servi ng nggesloted.i ned within said plurali ty of nodes.

51. A method according to claim 48 wherein said handover is initiated
by an initiation process which is seamless to the mobile station such that the mobile

10  station does not know the handover process has been activated.

52. A method according to claim 48 wherein said handover is initiated
by an initiation process and wherein the mobile station knows of and takes part in the

initiation process.

53. A method according to claim 48 wherein said initiated, synchronized,
15  scheduled, time slotted handover is initiated by software located at a base station in

the cellular network.

54. A method according to claim 48 wherein said initiated, synchronized,

scheduled time slotted handover is initiated by a server located in a core of the cellular

network.
20 55. A handover method initiated by a server located in a core of a cellular
network.
56. A method according to claim 55 wherein said initiated handover is
scheduled.

57. A method according to claim 56 wherein said initiated and scheduled

25 handover is time slotted.

58. A method according to claim 56 wherein said initiated and scheduled

handover is data size determined.



88. A system according to any of clains 1-4, 6 - 27, 31 - 42, 45, 84-87
wherein said network is operative in accordance with at | east one of the
fol | owi ngwetarxeoms: 2G 3G LTE, WF# W Max. 20 89. Apcetthmdi/esmony di ng t o
any of clains 46-64, 66- 68, 70 - 75, 77 - 78, 80 wherein said network is
operative in accordance with at |east one of the follow ng standards: 2G
3G LTE, WFi, W Max. :

59. A method according to claim 55 wherein said cellular network is an

LTE cellular network.

60. A method according to claim 55 wherein said cellular network is a

hierarchical cellular network.

5 61. A method according to claim 57 — 58 wherein said initiated and

scheduled handover is synchronized.

62. A method according to claim 50 wherein said cellular network is

hirerachical cellular network.

63. A method according to claim 50 wherein said cellular network is LTE

10  cellular network.

64. = A method according to claim 50 wherein said initiated and scheduled

handover is data size determined.

65. A method according to any of claims 48 — 64 and also comprising
using said handover to enhance exploitation of at least one radio resource of at least

15  one cell in the cellular network.

66. A method according to claim 65 wherein said radio resource

comprises time.

67. A method according to claim 65 wherein said radio resource

comprises frequency.

20 68. A method according to claim 65 wherein said radio resource

comprises power.

69. A method according to any of claims 48 — 64 and also comprising
using said handover to enhance at least one characteristic of mobile station

transmission/ reception performance.

25 70. A method according to claim 69 wherein said characteristic

comprises capacity.
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71. A method according to claim 69 wherein said characteristic

comprises diversity.

72. A method according to claim 69 wherein said characteristic

comprises redundancy.

73. A method according to claim 69 wherein said characteristic

comprises latency.

74. A method according to claim 69 wherein said characteristic

comprises power consumption.

75. A method according to claim 69 wherein said characteristic

comprises power spectral density.

76. A method according to any of claims 48 — 64 and also comprising
using said handover to enhance exploitation of at least one backhauling resource of

the cellular network.

77. A method according to claim 76 wherein said cellular network
comprises an LTE network and wherein said backhauling resource comprises S1

interface capacity.

78. A method according to claim 76 wherein said cellular network
comprises an LTE network and wherein said backhauling resource comprises X2

interface capacity.

79. A method according to claims 48 — 64 wherein said initiated,
synchronized, scheduled handover is enabled using high priority standard handover

commands.

80. A method according to claim 79 and also comprising using said
handover to enhance exploitation, in parallel, of more than one base station

backhauling link resource.

81. A method according to any of claims 48 —64 and wherein backhauling
information is used to make a decision to initiate said initiated, synchronized,

scheduled handover.
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82. A method according to any of claims 48 — 64 and wherein backhéuling
information is used to make a decision to perform said initiated, synchronized,

scheduled handover.

83. A method according to any of claims 48 — 64, 66-68, 70 — 75, 77 — 78,
80 wherein said initiated, synchronized, scheduled handover is performed

periodically.

84. A system according to claim 1 or claim 16 and also comprising a hierarchical
communication network including a tree of communication network nodes, including

at least one base station.
85. A system according to claim 84 wherein said hierarchical network is wireless.

86. A system according to claim 84 wherein said hierarchical network comprises

an E-UTRAN network.

87. A system according to claim 1 wherein said individual mobile communicator is
operative to select, at random time interval between minimum and maximal interval, a
serving node from a set of candidate serving nodes defined within said plurality of

nodes.

88. A system according to any of claims 1-4, 6 — 27, 31 — 42, 45, 84-87 wherein said
network is operative in accordance with at least one of the following standards: 2G,

3G, LTE, WiFi, WiMax.

89. A method according to any of claims 46-64, 66 — 68, 70 — 75, 77 — 78, 80 wherein
said network is operative in accordance with at least one of the following standards:

2G, 3G, LTE, WiFi, WiMax.



